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object of ^the Dictionary is to furnish the modem signification 
of technical terms employed in the Arts and Sciences enumerated 
on vii, and by means of compendious articles to elucidate the 
principles and processes of pure and applied science. 


The numerous articles on tlie various branches of Chemistry, 
Theoretical, Practical and Applied, as well as those on IMiiieralog}^ 
and Metallurgy, afford the latest information available, much of which 
is not to t)e found in earlier standard works of reference dealing with 
these subjects. 

'' i'or explanation of or further details concerning the technical terms 
that occur in the longer articles, readers should refer to the general 
alp] labetical arrangement. 

Purchasers of the Dictionary arc recommended to compare the 
Corrigenda with the definitions to which they refer and to make the 
actual coiTections. 


The Editors will be grateful to readers who kindly inform them of 
any errors not already corrected. 


September , 1006. 
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SCOPE 


Dictionary contains Definitions of the Technical Terms most 
frequently employed in the several Arts and Sciences enumerated 
below, as well as numerous Articles, some of them of considerable 
length, dealing with various branches of these Arts and Sciences: 


ArCH^OLOGY 

ARCIITTECTITRE 

ART 

ASSAYING 

ASTRONOMY (Pure and Applied) 
BOOKBINDING 

tP 

BOTANY (Economic) 

]}RICKMAK1NG 

BUIJfcDING TRADES (Bricklaying, 
MAStiKRV, (.Jarpentrv, Joinery, House- 
painting, Paperiianging, Plumbing, 
Quaiptity Surveying) 

OERAMIOS 

CHEMISTRY 

CYCLE MANUFACTURE 

DYEING 

ELECTRICITY 

ENGINEERING (Civil, Electrical, 
Mechanical) 

ENGRAVING AND ETCHING 
GEOLOGY 

GLASS MANUFACTURE 

HERALDRY 

HYGIENE 


LAND SURVEYING 

LEATHER TANNING AND DYEING 

METALLURGY 

METEOROLOGY 

MIN EP.A LOGY 

MINING 

MOTORS AND MOTOR-CAR MANU¬ 
FACTURE 
MUSIC 

OIL MANUFACTURE 
PAINT MANUFACTURE 
PAINTING 

PAPER MANUFACTURE 

PHOTOGRAPHY AND PROCESS WORK 

PHYSICS 

PRINTING 

SCULPTURE 

STEAM ENGINE CONSTRUCTION 
TEXTILE MANUFACTURES (Cotton, 
Lace, Linen, Silk, Wool, etc.) 
WATCH AND CLOCK MAKING 
WEIGHING, MEASURING, etc. 

WOOD PULP MANUFACTURE 
ZOOLOGY (Economic) 
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KEY TO THE ABBREVIATIONS USED IN CLASSIFYING 
THE TERMS INCLUDED IN THE DICTIONARY 


{ArcJxftol.). 

, = Archseolopy 

{.Vat},.) . 

. = 

Mathematics 

(^Architect.') 

. = Aroliitecture 

{Mantfiac.) 

. W 

Manufacture 

{Arnt.) 

. = Armour 

{Mech.) 

. = 

Jlechanics 

{As^ron.) . 

. = Ahtronoiuy 

{Vet.) 

. - 

Metallurgy 

{Hind.') 

. = Iiookbinding 

{Vet cor.) 1 
and r 



{Jiiol.) 

= r.iology 

* CS* 

Meteorology 

{Jiniid.) . 

. = Building 

{Vcfcecol^j 



{Otrp.) . 

. = Carpentry 

{Vin.) 

. = 

Mineralogy 

{Chem.) 

. = Chemistry 

{P,ii,d.) 

, — 

I’ainting 

{Chem. Tech.) 

- = Clicinical Tc'chnology 

{Phfilo.) 

. == 

rhutography 

{Ciril Emj.) 

. = Civil Engiueering 

{Physt.) . 


Physics 

( Cogt .) 

. = Costume 

{Phl^it.) 

. =» 

Pin storing 

{Dee.). . . 

= Decoration 

( Phnnh.) . 

. = 

Plumbing 

{Elect.) . 

. = Electricity 

{Pot.) . . 

. ^ 

Pottery 

{Elect. Emj.) 

. = Electrical Engineering 

(Print.) 

. = 

J’rinting 

{Eiiff.) 

= Engineering 

{Si;dj>.) . 

. 

iSculpturo 

{EHyrar.) . 

. — Engraving 

(IV.). 

. = 

Tvvaddoll 

{ (fciil.) 

. = Geology 

CEtJinnj.) . 

. — 

Typography 

{Jler.) 

. Heraldry 

{Zool.) 

. 

Zoology 

{Join.) 

. — Joinery 
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A TECHNOLOGICAL ANI) 
SCIENTIFIC DICTIONARY. 



A (Mush). Tbe aiittA noteof the diatoja^Q resale ef 
0 , aud the firct er Mj-tiote of ihe relauYe minor 
scale. Its i^ohFa and Cbnffnental name is La.* A 
is the note sonnded to iwhioh all the jnstrinneuM iiSt*; 
the orchestra are taned. On all strinsed instnir s 
ments it is found as an “open ” string—that is, ihe 
note to which a string is tuned. One of the clarinets 
is in the kev of A, the other two beiag respectively 
B|?and,C.’ 

“A" Frame (^^.) A trifthgtflar frame with a cross 
bat fonnmg the suiiliortB of some part of a machine 
or other structure. ... _ . 

Abaeas (Jtvhifert.) 

The uppiuniost merpW 
or feature ot thecapitalof 
a column. It supports 
the aroldtravti (q.v.) In 
tbe Doric, Tuscan, and 
ancient Ionic orders it 
i-i. merely a flat sqtiare 
slab; but in t#0 Cor¬ 
inthian and Cnmivifctte 
ordiTs it is shaped difler- 
entl>, and ornamcubHl. 
ikr COIUMN, COKINTH- 
lAN, COMPtWlTU. 

Abaissd (//m) Not 

in Its uounl plAoo in a . 

shield, but lowered. ^ 

Abatements (Ihr.") Marks of degradation, not 
now ntei^ cf.; 



Yea ibimeh I die, the scandal will snivive. 

Amt he an 03 more in my grjlileu coat; 

Straie luatliMiue f/flwA the ileiald «ill contilve 
lo niitior me. 

• Shakrspfase. 


Abatioor (Arehttect.) A tJoping aiiorture made in 
a wall for tlic purpose of admitting li^it to base¬ 
ments and such other apartments. 

Abattoirs. Abattoirs, or public slaughterhouses,* 
are of great importance in the regulation of our meat 
supply by providing n means whereby the meat can 
be closely examined befor* Ik Ing sent to the nuiket. 
They a'e under the control of the sanituty authorities, 
w'hi) are empowered by the Public* Health Acts tto 
make byclaws for the licensing, registering, arid 
manage inent thereof. It is mo.st essential tlmt the 
drainage, water supplv, and ventilation be kept in 
efficient order, and that all wa.ste refuse be im¬ 
mediately rcm(>ved. 

A Battuta (Mufio). With the beat. , 

Abatroix. The canoi^ or soupding hoard over a 
pulpit or rostrum to deflect the sound of the voice. 


Abb ( Wea^rinff). West of iingland term for ** w4ft,* 
i.c. the yam or t^ra&d psed in weaoiiig for crossing 
and interlacing with.^e wai^. This Jlerm is,also 
applibd to a certain quality or^Bort of fleeoe. 

Abbey. A church'a^tachM. to ‘d'monasteiy'.ar, 
convent; a name given W a. chqrch that once 
belonged to a religious community—Westminster 
Abbey. , . , 

Abbozzo (^Paint.') The first sketch or rough draft 
of a picture. . ^ ^ 

Abdomen {Zkl^yy. Ilie posterior pdft.of tha 
trunk of in animal. It is unprotected by a bony 
framework on the belly or under (ventral)’ efface. 

Abdominal Forei liZooloyyy A pair of apertures, 
one on each side of the cloaca (q.v,) of fishes of tlie 
Slunk taraily. These openings communicate with 
the bodv cavity. ‘ . 

* A 

Ubeordehn Granite. See Buinmna STdsga 

Aberration iLiqht). An apparent displaoemeot 
in the piit>n,on of a body, owing to the observer^ 
motion while light is travelling from it to the ob¬ 
server. It was first noted in connection with tl^o 
supposed “ Fixed *’ stars. 

—. Chromatic {Light ), The splitting up of light 
into its component colours (or Dusfjdbsion, y.v.) by 
a lens, owing to the diSerent refractive index of, each 
component. This gives an image with a coloured 
margin. Corrected by suitably oombining two lenses 
ol different glass. See ACBBOMAYISM. 

-, Spherical {Lighf). The meeting ot reflected 

or refracted rays in a succession of points, instead of 
in one single point, which results from the reflecting 
or refrai'ting surface being spherical. This error is 
corrected by modifying the form of the surface 
{e.g. mirrors are made of parabolic, instead qf 
circular, section). 

Ab^o, 0]io di {Paint.) An oil produced frofi> 
the jaiii' tree, used as vainisb. , 

Abney LeVel. A form of reflecting level and 
clinometer combined. 

Abocockp (Vvirf.) A hat pointet in front, with 
the brim turned up behind, wont by royal personage s 
during fourteenth to sixteenth centuries. 

il^bolla {Cett.) A loose cloak made of vfbol, 
especially used by the Htpic philosophers. 

About Sledde (lE^.) The use of a double- 
handed or “ slMge ” ^lammer for the flelivery of 
heavy blows by Swirfging 'it above the head. 

Abyasion. ^ubbiqg «way, or griAdipg» of some 
material, j Ttm* sthtiop of^d grtndstorip* add* emery 
or glass pa^r may ,be quoted aB>*e m i iti |^de. > 


It Will 1>e noted that no medical or anatomical defimtions are 
For oxnftiplc, in the case of Abdomen only tjhe zoological met 


(v^n in>the Thenos^r. 
ling is signi^edi 
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Abrtuus {Arehaol^ Qemti on which the mystic 
word Abraxas was graven, used as charms by the 
Gnostics about the second century. 

Absinflu A liquor prepared from the leaves and 
flowers of Artemisia or wormwood (one of the 
CompoHtee), together with other aromatic herbs ; 
yellowish-green colour. Contains oil of wormwood as 
distinctive ingredient; flavouring nils such as pepper¬ 
mint, cloves, etc.; alcohol (about 50 ptjr cent.) 

Absolata JLloobol {Chem.) See Alcohol. 

Abwlnte Peesaure (Phyx.') Pressure measured 
from the true zero or absolute vacuum. Thus a steam 
pressure cotdmonly quoted as 50 lb. per square inch 
is 66 lb. if measured from the absolute zero or true 
vacuum, but is 50 lb. more thau the pressure of the 
atmosphere. 

Abeolnte Strength {Eng.) The total load neces¬ 
sary to break a piece of material. 

Abeolnte Temperatare (Phye.) Temperature 
measured from the absolute zero {q.r.) This is about 
274® C, or 493° F. below tlie melting point of ice. 
Thus 20® C. = 274° + 20° = 294° absolute on tlie 
Centigrade scale; 62° P. = 62° - 32° + 493° = 520° 
absolute on the Fahrenheit scale. 

Abeolnte Unit of Current {Elect.) A cun-ent 
which exerts unit magnetic force (1 dyne per unit 
pole) at the centre of an arc of the conductor carry, 
ing tlie current, the arc being of unit length (1 cm.) 
and unit radius. This unit is too large for practical 
use, and the Amp6re, which is one-tenth of %n 
absolute unit, Ls used instead. 

Abeolnte Unite (Phys,') Units conricctod by a 
simple physical relation with certain lundaniental 
units, usually three in number, the units of Time. 
Length, and Mass. Thus a unit of volume directly 
derived from the unit of length is an absolute unit— 
s.g. a cubic foot or cubic centimetre. A poundal or 
a dyne (;•«.) is also an absolute unit of force, while 
tbe weight of a pound or of a gram is not, since it 
depends on the force exerted by gravit 3 '^ at the 
place as well as on the fundamental units. 

Absolute Zero (JPeat). The temperature at which 
no heat would remain in a body. It is found that 
this would be the case if we could cool a substance 
to —273° or —274° on the Centigrade .scale. At 
this temperatare the vibrations constituting the beat 
energy of the substance would have entirely ceased. 
The absolute zero has been approached to within 
about 25°; bodies have been cooled to — 250° C. 

Abeorptlofiieter {Phyx., Chem.) An instrument 
for measuring the solubility of gases in water or 
other liquids. 

Absorption {Physiology). The term applied to the 
process by wbiih the soluble food materials in 
tbe stomach and intestines become diffused into tbe 
blood {see Ilbtjm, Vilm). In Botany the term 
used for the process by which the soil water passes 
into the roots. See Root. 

——f Electrical. The storing up of a part of 
the electrical energy of a charged condenser by 
the dieleotrio («.r.) This stored energy becomes 
manifest after the condenser has been discharged 
once by giving a second smaller discharge, followed 
by others still smaller. These apparent successive 
cWges are called “Residual Charges" (g.r.) 

Absolution of Oase^ OeefBcient of {Phys.) 
The volume of a gas which can be, absorbed by unit 
volume of a given liquid at 15* C. 


Absorption of Light. When light falls upon a 
medium, a part is usually retained or absorbed by 
the medium. The energy of the absorbed light 
commonly, though not always, is retained by the 
body in the form of heat; it may, however, produce 
some chemical change or, in the case of organic 
media, some ph^'siological change. 

Absorption Spectrum. iSscSfectbuh Analysis. 

Absorption, Thermal. The power of a surface to 
absorb heat falling upon it. 

Absorptive Power {JJeat). The fraction of the 
total amount of heat falling upon a body, which is 
absorbed by the body. ^ 

Abt Rack ( Um7 ETvg.f See Mountain Rai lwats. 

Abutments {Eng., etc.) Surfaces of a structure 
which support the load— e.g. the top of the piers 
carrying the girdere of a bridge, or the part of the 
masonry from which an arch springs See ASCH. 

Abyssinian Gold. A gold-plated alloy of copper 
and zinc. 

Acacia. See Woods. 

Academic {Art), What is drawn according to 
rule, correct, but formal and unimspired. Academic 
size, a little less tli.an half size. 

Academician. A member of an academy. A 
Royal Academician (//..I.) is one of the forty mem¬ 
bers who, with a cevtain number of Associates, 
constitute the Royal Aaidcm}' in England. 

Academy. Originall.v tbe grove or pirden near 
Athens where Plato taught. Kow generally used 
for a school or a place of instructwn. 

- , Royal. Founded by George III. in 1768, 

under the title of the “Royal Academy of Arts 
in Loudon.” Established until 1834 at Somerset 
llou.se, then in Trafalgar Square, since 1869 at Bur¬ 
lington House, Piccmlilly. Consists of forty Axidemi- 
cians stj-lcil “K.A.” and thirty Associates- .stylt^d 
“A.R.A.” The annual exhibition of pictures by 
living artists opens on fir.st Monday in May, and 
continues until flr.st Mi nday in August. Works that 
have once been exhibited are not again accepted for 
this exhibition. Tbe winter exhibition, uonsisting 
of loan collections, etc., i.s open from the beginning 
of January until the middle of March. In the build¬ 
ing are schools of art for male and female students. 
The following is a list of I’rcsident.s, with date of 
election: Sir Joshua Reynolds (1768); Benjamin 
West (1792); Sir Thomas Lawrence (1820); Sir 
M. A. Shee (1830); Sir C. Eastlake (1850); Sir Francis 
<4rant (1866); I<ord Leighton (1878); Sir John 
E verett Millais, Bt. (1896); and Sir E. J. Poynter, Bt., 
the present occupant of the office (1896), 

Acanthus {Arehifeot.) A conventional ornament 
used in Greek, Roman, and Kenais.sance architecture. 
It resembles the foliage of the plant of the same 
name. There are two types of acanthus: the 
“prickly," having ])ointcd leaves, and used by the 
Greeks; and the olive acanthus, which has blunt 
leaves, and was used in Roman work. iSI;s COM- 
posiTB, Corinthian. 

A Capriccio {Music), At the caprice of the 
performer. 

Accelerando {Musie). Gradually quickening the 
speed. 

Acceleration {Phys., Mech.) Tbe increase of 
velocity per unit of time: more exactly, the rate 
of increase of velocity. 
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Accent stress, prominence. 

_ Accent (Typoff.) A mark placed over a letter 
either to qualify its sound or to denote abbreviation; 
thus, 6 acute, h grave, € circumflex, e dieeresis, c long, 
« short, 

Aceiaeontara {Mimie). A crushed note. It is 
distinguished from the Appoggiatura by having a 
stroke through its tail, and is played as a very short 
note. 

Accidental Lights iPnint.') Rays of light which 
make some parts of the jiicture more prominent 
than the rest. 

Accidentals Signs used during a piece 

to temporarily filter the pii<gi of a note. See SHABr, 
Flat, Natubal. 

Accident Cranes (.£ng.) See Cbakbs. 

Acolpenser (Zuidoijy), A genus of the sturgeon 
tribe of Ganoid fi.shes. A. ntvrio. the common 
sturgeon, is a valuable food fish, and is also tlic 
source qf Isinglass and Caviabb 

Accole (Her.) is the term u.‘>ed by the French 
heralds for “ collared.” li also means two separate 
siiields placed side by .side— i.y. the knight of an 
tinier on marriage. 

Accosted (flifv.) When chaiges are placed sitle 
by side. 

Accrued (Her.) Full grown^as of a tree. 

Accumulator (Hng.) A vessel u.sed for storing 
water under pressure to be used for driving hydraulic 
machinery. Usually consists of a vortical cylindL*- 
with a piston cajgying a heavy load on tiie toj) of the 
piston rod. 

-, Electrical. An accumulator, or, it is 

otherwise tadled, it Storage Cell or Secoxdahy 
t'ELL, is an arrangement by which electrical energy 
can be ^ored up. It consists of surfaces of lead which 
are co^ifeil with one of the hiwer oxides of lead (red 
lead or litharge). The leatleii plates thus coated are 
placed in dilute .sulphuric acid, and are then chargerl 
by the passage of a strong current of electricity foi- 
some oonshlerable time. C'hemical action of a kind 
describeil, below occurs, and, when this is complete, 
the cell is fully I’harged. On disconnecting the wire.^^ 
by which it is cliarged, the cell will retain its energy 
for a considerable time; and on connecting np to any 
electrical apparatus, it will furnish a current with a 
voltage of about 2'1 volts for each cell,an<i thi.s goes on 
until the cell is exhausted, the time taken depending 
upon the rate at which the current was taken from the 
cell. The cell can now be re-charged and the opera¬ 
tion repeated a gpeat number of times.— Chemical 
Action in the Cell: The leaden plates appear first 
of all to become covered with a layer of lead sulphate, 
foi-med by the action of the sulphuric acid on the 
lead and load oxide, with which tliey were originally 
coated. When the charging current is passed throngii 
the cell, the dilute sulphuric acid is broken up into 
anions, consisting of NO«, and cations of H (nascent 
hv drogen). The hydrogen ion appears at the cathode 
or plate by which the current is leaving the cell; it 
attacks the lead sulphate, and gradually reduces it 
to a layer of metallic lead, which is left in a finely 
divided and spongy condition. The 80, ion travels 
to the anode, where its oxygen oxidi.ses the lead 
compound to lead peroxide (PbO^). When all the 
lead sulphate which is available has been acted on 
in this manner, the hydrogen and oxygen are set < 
free at the plates in fbe gaseous form, and babble 
up through the liquid, showing that the charging | 


process is now complete, and the current may b%.cat 
off. When the cell is discharged it sends a current 
in the opposite direction to the one used for charging, 
and has a potential difference between the plates of 
about 2*1 volts at the start, and this gradually falls 
to about 1-8 volts by the time the cell is practically 
exhausted. Accumulators provide a chemical method 
of storing electrical energy, about i>0 per cent, of the 
energy used in charging ^ing recovered. The rate 
at which the energy is recovered depends entirely 
upon the amount of current taken ftam the cell, 
and the capacity of a cell is nsnally’ estimated in 
“ Amf:^be uoubs ”; thus, if we s^y that the capacity 
of a cell is 100 Ampere hours, we mean that it can 
supply 1 Ampdre for lOO^hours, 2 Amperes for 50 
hours, 0 Amperes for 20 hours, and so on. One of 
the great objections to storage cells is the great 
weight, owing to the use of large masses of lead. 
The metallic lead in the cell only serves as a support 
for the lead compounds taking part in the reactions, 
and theoretically these leaden supports may be re¬ 
duced to comparatively small weight; but in practice 
it is not safe to make the plates too slender in 
structure, as their surfaces are alway.s attacked to 
some extent by the actions witich are going on, and 
they would easily fall to pieces unless made &irly 
substantial. The actual weight of a cell which is 
required to furnish a certain number of Ampere hours 
depends upon the proportion between the active 
material of the cell and the inactive material or 
metallic lead which is unchanged during the action 
o#the current. In the original cells used by I’lant^ 
the coating of oxides of lead was formed by immersing 
ordinary leaden plates in a dilate acid, passing the 
current, then discharging, and repeating Uus process 
a number of times. Cells made in this way are some¬ 
times termed “ Formed cells,”and their capacity may 
be put down as being from G to 9 Ampere hours per 
pound weight. In the later forms of cell which were 
introduced by Faurc the active material consists of a 
paste of oxides of lead supported in frames or grids 
of lead. It is easily seen that in this case the amount 
of active material must be very much greater, and, 
as a matter of fact, the capacity of these “ Tasted 
cells,” as they are called, is from 10 to 15 Amp&re 
hours per pound weight of ceil.— Manufactdeb of 
(^ELLS: It is impossible to describe in detail the great 
variety of processes used in the production of different 
cells, and one example only is given—that of a 
modern form of “Chloride cell.” Lead chloride 
specially prepared is fused and cast into small 
tablets of the shape of a hexagon. These tablets are 
arranged on a frame, leaving regular spaces between 
them, being held in place on the frame by small pins 
which fit into holes cast in each tablet. The spaces 
between the tablets are now fillled up by pouring 
metallic lead in under great pressifre. On cooling, 
there is then produced a strong frame of lead carry¬ 
ing a great number of lead chloride tablets, so that 
the greater part of the surface of each plate will 
consist of the chloride. The lead chloride is then 
reduced to metallic lead by the action of zinc in a 
solution of zinc chloride, and a final result is to 
produce a leaden plate consisting of a g^at number 
of small masses of very porous lead held in place by a 
kind of honeycomb of solid lead. The plates are then 
ready for tb^ first charging.— Edison's Stobaoe 
Cell : Many inventors have endeavoniedto reduce the 
weight of acqumulators, and Edison in some recent 
patents has made considerable progress in this direc¬ 
tion. As the result of a great nnml^r of experiments, 
he has abandoned the use of lead altc^tber. The 
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positive oonsiste’^ of a light" perforated oase of 
sh^t tnlck^ serdi» as the erappork, and containing, 
oxide of nickel as the active material. The negative 
Xdate also consists of a nickel case, but contains very 
finely divided iron, which has been leduoed front the 
. snlp^te or hydrate, nie Uqaid used in this case is 
a eolation of an alkalifor example, NaOIl itr water. 
This cell appears to have a very much greater capacity 
4n proportion to its weight than the ordinary pattern 
of storage cell; bat up to the present it has hardly 
passed beyond the experimental stage.—G. F. GL 

Aeerra {AreJueol.) Ihe. sbiall box in n«e at socri- 
fioes to hold incense, and from which the incense was 
poured on the burning sacrifice. > 

Aeetabulnm (,Areh^rol.') A vinegar cup. Applied 
to all small vases wide and open, whether made of ' 
earthenware or metal. Also used by jugglers. 

- (^Zoology'). The socket in the hip girdle for 

the articnlatfon of the femuy or thigh bone. 

Aeetali CH^GHCOC^}),. A compound formed by 
the union of 1 molecule of aldehyde with 2 inole- 
cnles '6f alcohol. It is a plcasant-smeilir^ liquid. 

Acetaldehyde, CH,CHO. Formed'* by heiiting a 
mixture of calcium formate and acetate; also by | 
oxidishig alcohol with chromic acid. It is a liquid 
boiling at 20° 0. It has a peculiar smell, its vapour 
producing, craipp of the respiratory muscles. It lias ; 
the propiferlies of an aldeliyde(^.r.)' On polymeri.sa- 
tion it forms (a) paraldehyde (CHjOHO;,, a liquM 
which is a valuable sleep-producing agent; (h') in tW 
cold, a solid metaldehyde (CHaCHO)„. 

Acetamide, GBiCONH,. White crystals smelling 
strongly of mice, unless pure ; melts at S2'3°; readily 
solnble in water and alcohol; less soluble in ether. 
See alfc AifiuiiiS. 

Acetanilide. C,,HjNHCOGHj(.^ariyb&rin)) A scaly 
crystalline solid formed by boiling aniline and glacial 
acetic acid together. It is poisonous. Contained in 
“Headache” or “ Daisy” powders. It relieves pain 
to some extent, but depresses the heart, and should 
not be taken unless under medical advice. 

Acetic Acid, CH,COOH. A liquid which solidifies 
at l&'l” C. It is formed when weak alcohol, such as 
wine or malt liquor (beer), ferments under the influ¬ 
ence of the myooderma aoeti (mother of vinegar) in 
presence of air. The dilute acetic, acid so obtained 
is called wine vinegar or malt vinegar respectively, 
and contmns 5 to 16 per cent, acetic acid. The 
strongest acid, called glacial acetic acid (97 per cent, 
and over), is obtained from the pyrolignerms acid pro¬ 
duced in the destructive distillation "of wood; has a 
powerful smell, and blisters the skin. 

Aeetlo AnliyclijUe, (CH„C 0 ) 30 . The anhydride of 
acetic acid. It is obtained by the action of phos- 
horus oxychloride on sodium acetate. A liquid 
oiling at 137®. A veiy important reagent in organic 
chemistry; used to introduce acetyl groups into 
hydroxyl and amino compounds, and as a condensing 
agent. 

Acetic Ether. See ’Ernrh Acetatb. 

Acetone, CH,GOGH, (i>»wicrty7 A>fo«<f). A liquid 
with characteristic smell; boils at 56®; obtained by 
heating barium or calcium acetate, and on the large 
scale from wood spirit (y.ff.) It is used in making 
chloroform, iodoform, and sulphonal. The breath 
and urine of persons suffering from diabetes smell of 
acetone, and the latter occurs in considerable ampoct : 
in diabetic urine. See Ketones. I 


Aeatoniiriie. See Kiteieks. 

AcetOl^enofie, CHf^OCM^XPhenylrnffthyl XetoMi 
also called J/yjmone), A fotv melting (20-S® 0.) solid 
with pemstent smell of oil of bitter almonds. In 
smaU doses it produces sleep. &e Ketones. 

Acetyl Chloride, GH,COCl. This is the chloride 
of acetic acid, and is obtained by actfng on the latter 
with phosphorus trichloride. It is a colourless, 
strongly fuming liquid of great value in organic 
ohemis^ for ascsertaining lihe presence of hydioxil 
and amino groups In compounds n^ud in the prepara 
tion of ketones apd tertiary alcohols. 

Acetylene, A gas whmh huriis in air with 

a \ery bright flauiC; heu^ its use a^an illnminant. 
Only slightly poisonous. Air containing 2(bper cent, 
of it proves fatal to dogs!. It does twt ctimbine with 
the haemoglobin of the blood. Mixed with the proper 
proi)ortion of air (1; l2-6), it explodes with extreme 
violence on ignition; al.so dceomposed by shock. 
Coal gas contains ’06 jicr cent. It js formed by the 
action of water on'calcium carbide, when cojO gas is 
incompletely burned, and when alcoholic i»otash is 
heated with ethylene bromitle. 

Achene iBotany). A one-seeded, dry, indehiscent 
fruit, such as the “ seed ” of the sunflower. 

Achlunydeous (Botany'). When both whorls of 
the periantli of a flower are absent. 

Achromatic Lens. A lens which i.s corrected so 
as to bring the ooloure<l i-ays which are of the 
greatest importance to a common focus. These rays 
are not the same in photography as those which 
are used in telescopes or microscopes^ as the rays of 
greatest photographic importauco are distinct from 
those which are most active in producing visit>n. 

Achromatism {Light). The property of trans¬ 
mitting a beam of light without splitting it up into 
any of its comfionent colours. Pr^uoed in lui'ses by 
a combination of two, or more, lenses of different 
kinds of glass, in most casus by a convex lens of 
crown glass and a concave leus, of less power, of flint 
glass. 

Acicolar (Botany). A term applied in the descrip¬ 
tion of a leaf when it is long and needle-like, as in 
the pine. 

Acid ( Chem.) An acid is a compound which, when 
in aqueous solution, contains hydrogen in the ionic 
condition. Popularly speaking, an acid is a sub¬ 
stance having a sour taste, turning blue litmus red, 
forming with basic o.\ides a salt and water, and often 
having il.s hydrogen rc.placed by direct action of 
certain metals, again forming a salt. When an acid 
forms only one salt witli a monovalent metal, it is 
called monobasic; when only two salts, dibasic, etc. 

Acid Dyes (Chem.) Dyes which, in order to fix 
them upon a fabric, require to be combined with a 
substance of basic character. They are generally 
phenols (y.c.) or sulphonic acids (j.r.) See alto 
Dyes and Dyeing. 

Acidimetry (Chem.) The determination of the 
amount of acid in any given substance by adding a 
solution of an alkali of known strength from a burette 
to a solution of the substance until the acid is just 
neutxulisetl. The neutral point is ascertained by 
adding to the acid solution a drop or two of a suitable 
indicator. See Indicators. 

Acid Oxides (Ckem.) See Oxides. 

Acid Process {MetaUurgy). The early form of the 
Bessemer process of steel making, in which the con¬ 
verter had a lining containing a high percentage of 
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ailica. Tbia silicioua pr ** jicid ” lintog' faUa tb-Tamore 
pboapborua from the iron, and l}aa been rajd^d by 
the “ Basic ProceeB.” 

Aold Pomp {CHtem..) A pbmp ^th internal psrta 
made of glass i>r earthenware, so as to be nnafiected 
by acids. 

Acid Bocks (^Geol,). A term referring to the 
ciiemical composition of cbrrnin rpoks of eruptive 
origin. These consist mostly of silicates of various 
bases, in which the proportion of silica, which func¬ 
tions as the acid element, to thh base is subject to a 
wide range. Those cases in which the percentage 
of silica falls below 56 or 00 are referred to as Basic ; 
those in which^ is l>etweem 55 apd 65 are spoken of 
as INTEBHKDIATB ; while the ’ rocks in which a 
higher silica percentage obtains«re tlie Acid Bocks 
here specially referred' to. . 

Aoierage {Engrav.') A process by which a very 
thin layer of steel is deposited on the face of an 
engraved copperplate so that it may stand the wear 
and teifl- of printing; somewhat similar to electro¬ 
plating. 

Aoinaees (^Areheenl.) A Persian sword, short and 
straight like a dagger, generally worn against the 
right thigh. 

Aokennan Axle {Motor Carx). The ori^nal type 
of must forms of steering in cars. The main shaft is 
rigidly fixed to the car, short-axles ate pivoted or 
hinged to the ends of this, and on these .short axles 
the hubs nf ihe wheels run. The hitiges are operated 
by levers (.-onnecte*! with the steering wheel. I'Le 
pivot or hinge \|iries in form, and is the .subject of 
various patents. 

Acketon, Aketon, Hacketon {Cost.') A quilted 
garment worn over tiie shirt to prevent armour 
from injuring the bodj*. 


Aconite {Botany). Aconitum juipelhis (order, 
Itanvm-ulaceo!). The preparations of aconite are 
made Irom the dried root, the fresh leaves, ami the 
young inlloreseences. 


Aconitine, C„ll„. (OCH^),, KO^. COCK,. COC^Hs. 
An alkaloid obtained from aconite root (monk's hoo-l 
or wolf’^ bane). It is a cry.-'talline solid, intense!) 
fwisonous. Externally it causes tingling numbness 
and .local anmstLcsia ; internally, tingling numb¬ 
ness, vomiting. It dilates the pujiils of the eye. 


Acratophoron (Arch<eol.) A ve-'-sel for hcldiag 
pure wine, i.e. unmixed wdth water. 

Acre. See Wkiqhts and MisAacBBs. 


Acridine, 


CH CH Oil 


CH N OH 

A white crystalline solid occurring in coal tar. 
Inhaled, it causes sneezing. Its solutions show a blue 
fluorescence. Some of its dorivativeb are important 
as dyes. 


Acrolein, CB^tCH.CHO. A colourless mobile 
liquid boiling at 52'°; it has an extremely pungent 
smell. Its chemical bebavi5ur is that of (1) an un¬ 
saturated compound {q.v.), (2) an aldehyde {q.vJ) 
It is formed when glycerine is heated with water, 
al>stracting reagents such a.s sulphuric acid or potas¬ 
sium acid sulphate. 

* Acromion {Zoology). A process at the end of the 
ridge on the outer surface of the scapula or shoulder 
blade. 


Acfojpi^ .{ArehUeet.) Thfl dftadftl of a Greek. 
Ci^,-usually sitiate 4 et the simunjtvtrf the MU ppbn 
which the dty whs-built. ' 

AenMrtolimn {AtoImoI^ “At the bead of the 
prow th^ projected the stolos, and Its extremity, 
which was frequently made in the s^pe of an aniiasfl 
or heln^et, was called acrostolinm. It is sometimes 
designated by the name cbeniscus*' (g.v .).—SMITH. 

Af^ieriom, pi: AeroteHa {Arehiteet.) BmeU ' 
pedestals resting‘on the angles of a pediment and 
iuten'ded to carry statues or other ornaments. 



tAcrylic Acid, CH^: CH . COOH. A liquid boiling 
at 14tr, and smelling like acetic acid; formed by 
oxidation of acrolein with silver oxide and by 
abstracting water from hydracrylic acid. 

Actaeon. See Abtbmis. 

Actinolite {Min.) A variety of Amphibole (^.c.) 
occurring usually in fibrous and radiated drystal- 
liue masses {Actimtos, radiated). Common in 
motamorphic rocks. A silicate of iron, calcium, 
and magnesium. Monosvmmetrio. Composition; 
3(Mg. Fe)0. biO,j. CaO. SiOi. 

Actinometer {Photo.) An instrument for 
measuring the photograpliic intensity of light, and 
hence the time of exposure. It usually depends on 
the observation of the time necessary to darken a 
sensitised strip, of paper. 

Actinomorphiq {Potany). The term used when 
a liawcT is radially symmetrical—that is, when the 
flower can be divided into similar halves by two or 
more planes passing through an axis. 

Action at a Distance {Physios). Phenomena 
such as electric and magnetic attractions and repul¬ 
sions were .supposed by the older physicists to be 
due to some obscure power of act|ou at a distance. 
Such forces are now explained by the existence of 
8tre.s8es and strains in the medium connecting the 
iMidies acted on. See LINKS OF FOBCB. 

Active Ciurent {Elect. Eng.') The component of 
an alternating current which is in phase with the 
impressed electro-motive force. If C is the full 
.-■mount of current and 0 is the angle of lag, then 
the active current is C Cos <g. 

Acuminate {Botany). The term applied to the 
apex of a leaf when it is drawn out to a point. 

Acub {Arelueol.) A needle or pin, generally 
made of metal,. 

Acute Aeoent (TVi’oy.) A mark placed over a. 
letter, thus 4 : opiMsed to grave. 
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Acute Angle. One less than a right angle (00 
degiees). 

Adagio (Mu»io). Slow, leisurely. 

Added Sixth {Munia). The common chord on 
the bubclominant, with an interval o£ a sixth from the 
bass added: also called the third inversion of 
the Dominant 11th. - 

Addendum {Eng.) The point of a wheel tooth 
or part outside the pitch circle {g v.) 

Addorsedy Adorsed {Her.) Back to back; the 
opposite of affronti. 

'Adheeife Powep {Eng.) The friction between 
the driving wheel of a locomotive and the rail which 
prevents slipping. Varies from one-lifth to one- 
twelfth'of the weight, according to the state of the 
rails, being least when the rails are motlerately wet 
or “greasy.” • 

Adiabatic Change {Phys.) Any change in the 
pressure and volume of a gas during which no heat 
is allowed to enter or leave. 

Adiabatic Curve {Phys.) A curve showing the 
relation between the pressure and volncne of a gas 
when no heat is allowed to enter or leave while tlie 
giis is compressed or expanded. (This relation is 
expressed algebi-aically by the eqmition rVY= 
constant, where 7 is the ratio of the specific heats at 
constant pressure and constant volume.) 

Adipose Tissue {Zeohtgy). The term applied to 
the connective (issue, wlinsc cells are distended % 
fat drops. Fatty tissue forms a thick layer beneatti 
the skin of animals and also around the kidneys. 

Adit {Mining). A passage or “ level" from the 
open air into a mine; if it runs to the vein, ii is 
termed a “ tnnuel.” 

Adjustable Level. A level {q.v.) in wliich the 
tube containing the bubble can be moved thi’ough a 
small angle relatively to the “ stock " or case, in 
order to get the axis of the tube accurately parallel 
to the sole or base of the instrument. The levels 011 
surveying instruments arc always made adjustable. 

Adjusters, Chain (Cycles). Small bolts with eyes 
through which the back axle passes, and by means 
of which the latter can be moved in the slots of the 
fork ends. 

Adjusting Screw. A fine threaded screw for 
regulating the pusilion of some part of a machine or 
piece of apparatus. 

Adjustment of Brushes {Elect.) See Brushes. 

Adjutage, Ajutage {Eng.) An outlet for the 
flow of a liquid from a vessel. 

Ad Aiibitum {Mvtic). (1) At the pleasure of the 
performer. (2) The part ad lib. may be omitted. 

Admission {Eng.) The moment at which steam 
enters a cyliider; also the whole period during 
which it is enttring. 

Admission Corner {Eng.) The part of an 
indicator diagriin {q.v.) showing the entrance of the 
steam. Feu' a rapid entry of steam the corner 
should be sharp and square; if too much rounded, 
it shows that steam enters too slowly, that is, the 
admission port is opened too late or is too small. 

Admission Line {Eng.) The side of the indicator 
diagram showing the conditions while steam is 
entering. It should be nearly upright. See Indi- 
CATOB DiAQBAU. 

Allmission Port {Eng.) The passage by which 
steam enters the cylinder of an engine. 


Admission Valve {Motor Cars). See FetboIi 
Engine. 

Adrenal Body {Zoology). The adrenal or supra¬ 
renal body is a small organ found in relation to 
the kidney. An extract is used in medicine. 

Adriatic. See Bucentaub. 

Adularia {Min.) A colourless sub-transparent 
variety of orthoclase, one of the felspars {q.v.) A 
sub-variety is MOONSTONE, so called from its pale 
mooidight-like lustre. 

Adulteration of Food. Tins important matter is 
regulated by various legislative enactments in force 
throughout the country^ These are^ Sale of Food 
and Drugs Act, 1875 ; Safe of Food, etc.. Amendment 
Act, ls7D; Margarine Act, 1887; Sale of Food and 
Drugs Amendment Act, 189it. In order to see that 
these Acts are not contravened, samples are taken 
and analyses m.ode by the local authorities. The 
experience is that nearly all our foodsaro a<lulteratetl, 
generally by the admixture of foreign ingfedieuts. 
.Milk i.s the food that is chiefly adulterated. Being 
of the highest dietetic value, .and eonstit uting. as 
it does, the principal food of eliildren uj> to some 
eighteen months of age, it is extioraely important • 
that no contamination should take place. 

Advancing Ignition {Motor Cars), ('ausing the 
spark to ignite tlie charge sooner. This is effected by 
turning the cont>act breaker on the secondary shaft 
(q.v.), so that it comes sooner into contact with the 
ignition cam {q.v.) By turning the contact breaker 
in the opposite direction, the spaik (and therefore 
the ignition) is retardcil. •• 

Adventitious {Botany). The term used when an 
organ is developed out of its proper order, as in 
ini.Is where developed without relation to leaves, or 
in roots where they ari.se on stems, leaves, etc. 

Adze {Carp.) A tool of the nature of an axe, but 
witn the plane of the blade at right angles to the 
axis of the handle. U.sed fur cutting broad surfaces 
ot wood, and formerly a common tool in shipyards. 

Adze Block {Carp.) I'hc }>art of a wood-planing 
iiiaoiiinc which carries the cutters. , 

Agipan. Beast*! fashioned partly like men, bnt 
having tiie horns and feet of a goat: satyrs. 

JBgis (literally, Goat skin). The shield carried by 
Ju])iierand Minerva, made of the skin of the goat 
Amaltheia, with a gorgon’s head in the centre. Also « 
a breastplate worn by Jloman empt'rors. 

.fliolian Rocks {Oeol.) The majority of the deri¬ 
vative rucks coini>osing the stratified formations have 
been formed odd deposited by the direct and exclusive 
agency of water; but in regions where an arid 
climate prevails the agency of the wiud comes largely 
into play, both in giving form to the constituents of 
rocks and in their final distribution afterwards. 
Many sandstones belonging to the New lied, and 
some belonging to the Old lied, are of .®olian origin. 

Aiirial Rocks (Ireof.) A term applied to certain 
rocks which have been formed on the surface of the 
land, and not beneath water, or in connection with 
iiMi. It is usually applied to such rocks as peat, 
blown sand, clay with flints, screes, rain wash, dust 
deposits, and the like ; but it is nut generally used in 
referring to the products of volcanic action. 

Aiiroblc {Botany). The term used for those bacteria 
which live only in the presence of oxygen. " • 

Xsoulapius. God of medicine. He is represented 
with a stalf and a serpent. 
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iESithetla (_Art). Perception or appreciation of 
the beautiful. 

JlstiTation (Botany). )The term applied to the 
arrangement of the parts of a flower bud before the 
flower opens. 

AffetnoBO (Murie). With feeling. 

AfSnity (Chem.) Is the name given to the un¬ 
known cause which determines the occurrence of a 
chemical change. While the nature of affinity is 
unknown, something is known of the conditions 
affecting its action—such are temperature, pressure, 
light, etc. ; and something is known of the laws of 
its action—suc^ as the law of mass action (<i.v.) 

AArant^, Affirasted (Ile^ Of two animals when 
facing each other; of one anim.al when it is full 
faced. 

After Blow (Met.) The forcing of air into a 
Bessemer converter after the carbon has been re¬ 
moved, in order to oxidise the phosphorus. In the 
acid process (q.v.) the after blowing was apt to injure 
the iron by setting up oxidation. In the basic process 
(q.v.) there is less risk of this. 

After Burning (Gas Engines). Tlie continued 
* combustion of tne charge after the explosion has 
occurred. 

After Damp (Mining). The name given by miners 
to the gases produced by an explosion in a coal mine. 
Among them are carbon dioxide, which is not very 
poisonous, but would cause death from asphyxia 
when present to the extent of about 10 per cent, by 
volume; and c^bon monoxide, which is intensely 
poisonous. 

After Flush (Plumihtg). The after flush performs 
an im}>ortant function in “.sealing” up the trap of 
the water closet after the contents of the basin havfe 
been discliarged into the soil pi|) 0 . If this was not 
done, roul air would gain access to the water closet 
apartment, ami be then ventilated into other parts of 
the house. 

AgM-Agar. Anutritive jelly u.sed in bacteriological 
work, <lerived from various Jiorl Sea weeds (llhotlo- 
phycew ).0 Gracilaria liehenvidvs yields the Ce>lon 
agar, while Euohiwna spinvsuM is the source of the 
Java agar. 

Agate (Min.) Chalcedony having a well banded 
appearancxi; now more often confined to cIialce<lony 
deposited in the vajwur cavities of lavas. Moss Agate 
contains line dendrites of oxide of iron. Vein Agate 
and Kibbon Jasper are usually forms of chalcedony 
deposited in veins. Agates are much used as 
ornamental stones. See also Pbecious StonbS. 

Ageing of Transformer Cores (Elect. Eng.) The 
deterioration of cores by use. The magnetic pro¬ 
perties of the iron gradually decay, and the loss of 
energy by hysteresis (q.r.) becomes greater. 

Agglomerate (Oeol.) It was formerly the custom 
to name all the hoarser materials arising from the 
explosive eruptions of volcanoes AogloheuAte, 
whether they bad fallen back within the volcanic 
vent or outside of it. Latterly it has been deemed 
advisable to employ the term Tuff for the latter, 
irrespective of the size of the fragments, and to use 
the word Agglomerate for the fragmentary material, 
whether coarse or fine, that fills the volcanic vent or 
Neck. 

Aggregate (Building). Ballast, broken bricks, 
etc., that are mixed with lime or cement to form 
concrete. 


Agitato (Music). Agitated. 

Agitator (Met.) A stirrer used to mix the ooa> 
tents of the Bessemer converter after pouring out. 
Also applied to stirrers in various cbemi^ manufac¬ 
turing processes. 

- (Paper Manufac.) A paddle used for mixing 

the paper pulp in the stuff chest. 

Agonic Line (Ufagnetism). A line drawn on a 
map connecting places at which there is no magnetio 
declination— i.e. where the compass needle points 
due north. 

Agora* The public square and place of asseofbly 
in ancient Greek towns, corresponding - with the 
“Forum” of the Eomans. 

Aich Hetal (Badge’s lletal). An alloy resembling 
brass: copper, 60; zinc, 38*2; iron, 1*8. 

Aiglets, Aglet (Cost.) A tag of metal (termed'a 
point) used on fastenings of costume or armour. 

Aigrette (Cost.) Galled after the b^utiful cl-est 
of feathers on the egret at the nesting season. 
Applied to a spray of feathers worn in a head¬ 
dress, or a tuft in a helmet, or a spray of gems as 
worn by Eastern princes. 

Ailette (Armour). A wing-like projection from the 
shoulder, made of leather, but sometimes of steeL 
On it was emblazoned a charge from the coat of 
arms of the wearer. 

„ Ailsenite (Min.)\ A rare sulpho-bismuthinite of 
lead and copper, 3(l’bCUj)S . BL^S,. Occurs in blade¬ 
like crystals in a quartz matrix with native gold and 
some nickel ores in Siberia. 

Air. Ses Atmosphere. 

Air Belt (Met.) A channel runni^ round a 
cupola furnace (q-v.), from which the air enters the 
furnace by a number of openings, thus obtaining a 
more uniform distribution of the blast than is possible 
from two or three tuyers or nozzles. 

Air Blast (Elect. Eng.) Used (1) for cleaning 
parts of dynamos from dust; (2) for blowing out 
tlio spark at a commutator. 

Air Brake (Eng.) A brake in which the bloote are 
moved by pistons actuated by air pressure. 

Air Brick (Bvildinf). A brick perforated with 
holes for ventilation. 

Air Casing (Eng.) A space surrounding a fine, 
boiler, etc., intended to prevent the undue trans¬ 
mission of beat to surrounding objects. 

Air ChannelB (Met.) Spaces beneath the hearths 
of various furnaces, serving the same purpose as an 
air casing (q.v.) 

Air CiompreBBor (Eng.) A pump for driving air 
under pressuic into a reservoir for use in ventilation 
or to supply motive power. 

Air Ciooling (Eng.) Term applied to petrol motor 
engines in wnich the waste heat from the cylinder 
is dissipated into the air by means of flanges and 
corrugations on the cylinder itself. Only small 
engines are air cooled; larger ones are water cooled 
(q.v.) 

Air Crucible Furnace (Met.) See Bbabs 
Furnace. 

Air Cushion (Eng.) In high-speed engines, when 
made single acting, the piston compresses a quantity 
of air which is enclosed in the opposite end of the 
cylinder; this prevents the stresses in the recipro¬ 
cating parts from being reversed, and therefore keeps 
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the reciprocating parts from the shbcks which re- 
-ronala of stress would cause. In the Willans engines, 
much used'for electric lighting work, the piston rod 
a»«d Its ad jancts are kept in compression; In Mather 
ft Plait's high-speed electric lighting engines the 
tods are in tension daring both strokes. 

lit Cylinder {PlumbiTig). An air chamber in a 
valve closet to regulate tbe flush. 

JUr Engine engine in which the piston 

is moved by air heated in a large-vessel (partly 
corresponding to the boiler of a steam engine). Air 
engines ate practically obsolete even for the smallest 
potrers. 

Air Feed Pamps {Motor Cart}. Small pumps for 
keeping up the air pressure in the fuel tanks of 
steam cars; this air pressure is needed to drive the 
oil fuel to the burner. 

Air Fine {Building). A flue formed in a chimney 
stack for extracting the foul air from a room. Sec 
alto Ajcnott's Valve. 


Air Gap {Bleot. I'ing.) The narrow space between 
tbe pole pieces and the iron of the armature, or any 
gap (containing no iron) in a magnetic circuit. 

Air Gate {Foundry). A vertical hole in a mould 
allowing the free escape of air while the molten 
metal is being poured in. 

Air Hole {Bag., etc.) A small opening to allow 
the escape of air, where necessary, from some internal 
part of a machine or apparatus. 

Air Lock {Civil Fng.) A chamber with doors at 
each end, one opening to the air, the other into a 
tunnel or other space filled with compressed air. 
Admission to the tunnel is gained throngli the air 
lock without the loss of pressure in tl>e contained 
air which would occur if the tunnel were put inti* 
direct communication with the atmosphere. 

Air Manometer {Phywt). An instrument for 
measuring fluid pressure by nican.s of the compres¬ 
sion of air enclosed in a tube sealed at one end. 
The pressure is usually transmitter! to tbe air by a 
column of mercury which fills the lower part of the 
tube, the other end of the column being exposed to 
the pressure to be measured. 

Air Pomps. An air pump is an apparatus for 
“ exhausting ” or pumping out the air from any 
vessel, thereby producing wliat is called a “ vacuum.” 
No air pump really produces a vacuum in the strict 
sense of tbe word, inasmuch as there is always a 
certain quantity of air or other gas left in the s^ce. 
The amount of this gas is best e.stimated by means 
of the pressure which it exerts on the walla of the 
vessel, the pressure being measured, as usual, in 
milliinetree of mercury. ,A vacuum is required not 
only in « great numl^r of 
chemical and physical experi¬ 
ments, bat in various pieces of 
apparatus for the artificial pro¬ 
duction of cold, in tabes for 
BSntgen ray and other electrical 
work, and in the bulbs of incan¬ 
descent lamps. Air pomps may 
be divided into two classes : 

Heohanioal Aib Pttups and 
Mbbcubt Aib Pumps. Tbe 
simplest form of mechanical 
pump is shown in fig. 1, A is a 
metu oylindm- of smooth and 
mdform bore, in which a piston (B) is moved np 
and down by the piston rod o. B mqst fit the cylinder. 
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or “ barrel," as it is termed^ as closely as possible, 
in order to be air t47ht. The tube s conanmnioates 
with tbe vessel to be exhansted, and is closed at 
the top by a valve (E), consisting of a flap of oiled silk 
opening inward— i.o. towards the interior of the 
barrel. On raising the piston, air is drawn through 
the valve E into the barrel; when the piston is 
deprossed, this air is forced out through tbe 
valve F in the piston, which is a similar valve 
to the one at s. The air w'hich had been drawn 
into the barrel is thus expelled, and on raising the 
piston again, the valve p closes, and a further suiiply 
of air is drawn in through the tube D. This process 
goes on until a sufiicieut vacuum is obtained; but 
il cannot be carried bByond a certain degree of 
exhaustion, as the valves, being opened by the 
pressure of tbe air, will not work after the latter 
has fallen below a certain amount Various attempts 
have been made to get over this difliculty with tbe 
valves by means of mechanical contrivances; but 
although it is possible to effect certain imprqvemebts 
by such means, no very high degree of efficiency has 
•been reached. A great improvement in mechanical 
pumps has been made of recent years in what is 
called the Fleuss Tump. Fig. 2 shows the action 
of this pump in a dia¬ 
grammatic manner. 

The barrel A has no 
valve at the foot, 
tubes E and F both 
opening into a tube 
(D) communicating 
with the vessel to be 
exhausted. The pis¬ 
ton B is solid, and of 
such a thickness that 
when, pushed nearly 
to the bottom of the 
cylinder, the pipe p 
is above its upper surface. The piston rod c passes 
through a cover (G), in which is a valve (h). Tliis 
valve may be a comparatively heavy one, as it is not 
closed and opened by the pressure of the air. A layer 
of oil covers the top of the piston and the bottom* of 
the baiTel to the depth shown ih tbe figure, dn raising 
the piston, any air above it is driven out through H, 
and as tbe piston is raised, the oil above it gradually 
rises through the valve, completely expelling the air; 
when the piston falls again, the valve closes by its 
own weight, .■ind a layer of oil which remains aW>ve 
the cover o effectually cuts off communication be¬ 
tween the barrel and the outside air. When tbe 
piston again falls below F, air rushes through D, from 
the vessel which is being exhaustqd, into the 
barrel A, and is ^ain expelled by the rising 
or up stroke. In this pump there is no valve whose 
opening depends upon the pressure of tbe inside air, 
and there is no space at the bottom of the barrel 
when tbe piston has completed its downstroke, so 
that the whole of the contained air is expelled. The 
c^ffloicncy of this pump is veiy great, and it is much 
used for the production of incandescent lamps; and, 
indeed, gives a sufficiently good vacuum for a great 
deal of vacuum tube work in electricity. The degree 
of exliaustion which is reached after a good number 
of strokes of a mechanical pump is given in the 
following calcnlation; 

Let p — original pressure of the air. 

V » volume of receiver and connecting pipes, 

V * volume of the cylinder of the pump. 

Then, in the first stroke, air which occupied a 

space Vtia caused to exx>and until it ooenpies a 





apace V + p. lliea by Boyle’s Law (g.v.) we get 
amjf, (V p), where jj, is the pressure after 
the first stroke is complete. 

V 

• • -Pi “i' JTfTi 

In the second stroke the air again expands from 
Pto r+’p, and its pressure falls from to 
where is the pressure after the second stroke 
is complete. 

Pi V v) 

V f V V 

-P* =Pi V’"+ r ““P V' + V 


After the thiid stroke is complete we get a pres* 


After the stroke, 

-- (Thy 

From ^is formula the pres* 
sure aTOr any given number 
of strokes may l»e calculated. 
—-Mebcuev Pumps: These 
deiicnd in all <ases on the 
production of the vacuum 
at the top of a barometer 
tube (see IUrometmbS); but 
the ntanner in which this 
vacuum is util wed varies con¬ 
siderably in different forms , 
of mercury pumps. Two of 
tlie main forj^s only will 
be described. Tlie first of 
these is the Spbengeu injMP 
(fig. 3). Mercury is poured 
into a large' funnel (a), and 
flows through the tabes ab 
and fic into the '• pump 
heail” D, from which it fells 
down the “fall tube” DB, 
whose lejigtli is greater than 
the height of the barometer. 
The vessel to be exhausted 
communicates by means of 
the tube f with the tube 
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bent at c. The mercury at first flows through DB in 
a nearly unbroken stream, but very rapidly break' 
up into short threads of mercury' with air betw'een 
them, fiacli thread acting as a kind of piston, ex¬ 
pelling the air through the bottom of the tube DE, 
which dips into a suitable vessel where the mercury 
is collected. The action of this pump goes on con¬ 
tinuously until the mercury in the funnel A hn.s all 
flowed out. When thisds the case, the action of the 
pump stops; but air cannot get into the tube p because 
a column of mercury rise-s in the tubes bo and ED, and 
as these are Imth longer than the barometer tube, the 
mercury in them cannot roach the top, and air can¬ 
not t.ieiefore get in. The Bprengel Pump will give 
a remarkably high vacuum, and its action, although 
somewhat slow, has the advantage of being very 
continuous. The second form is the TOpleh Pump 
(fig. 4). In this pump a globe of fairly large 
capacity (A) communicates with the vessel to be 
exhausted by means of a tube (ef). b is a flexible 
tube longer than the barometer, at the end of which 
is a large mercury funnel (o). The latter is filled 
with mercury when in the position shown ; it is then 
raised, and the feerouiy rises in the flexible tube B, 
flowing past a tube (B), and thereby catting off com¬ 
munication between A and the vessel jvhich is being 


exliaosted; aad as o is farther raised, the air is 
driven oat of A through a tnbe.(D), until at tii|e 
end of the stroke a small quantity of'merotu^ it> 
also forced out of the top of ▲, and falls through J> 
into a vessel placed to 
receive it. On lowering 
c, a vacuum is produced 
in A, and mercury rises 
in D. As the mercury 
falls below the level of 
the tube B, ail rushes in 
from the vessel to be ex¬ 
hausted, and 'fills the 
globa A; this is again 
expeUed at the next 
stroke. This process goes 
on until the height of 
the mercury column in D 
is practii'ally equal to 
the height of the baro¬ 
meter. thereby showing 
that A and the vessel 
communicating with it 
arc completely exhausted 
of air. In a good mer¬ 
curial pump the jiressure 
can be reduced to '00CX)12 
of a millimetre of mer¬ 
cury, and in this case 
the height of a column, 
such as the one in the 
tube D, will be indistin¬ 
guishable from the height of the barometer. The 
actual pressure of the contained gas must then 
be ascertained by some other means, such as a special 
form of pressure gauge known as the Macieod Gauge; 
or, if the vessel should be a vacuum tube, such as 
is used for electrical experiments, an electrical dis¬ 
charge passed through it will give a very good 
indication of the extent of the vacuum, as the 
electrical phenomena assume different appearances, 
corresponding in a well-marked manner to different 
degrees of exhaustion.—F. O. F. 

—- In engineering, a pump for re¬ 

moving the condensed steam, cither alone or along 
with the water used to condense it, from the interior 
of the condenser into the air. 'This water cannot 
flow away by a simple opening, as there must be 
a partial vacuum continually maintained in the 
condenser, which any opening would destroy. 

Air Receiver (AVt^r.) A ve&sel of considerable 
oajMUjity sometimes placed between the blower and 
the furnace to render the pres-sure of the air more 
uniform. 

Air Regenerator {Eng.) See Beoenebatob. 

Air Spaces {JEng.) gaps between the fire 
bars of a boiler. " ' 

Air Thermometer {Heat). An instrument for 
meu.suring a very wide range of temperatures by 
observing the change in pressure of a constant 
volume, or less frequently the change in veflume 
at a constant pressure, of ^ enclosed in a suitable 
receptacle. 

Air Teasel {Eng.) A vessel partly full of air, 
partly of a liquid, whose fiov is rendered more 
uniform hg the air above it acting as an elastic 
cushion, which neutralises the sho<^ of the pump 
and keeps the liquid flowing on between the strokes. 

Aisle {AreUiteet.) A lateral division of a church, 
separated from the nave or choir by columns or 
pillars. See Nave Cboib. 
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Alabaster (Arehaol.y A small box or vase, 
originally made of alabaster, used for holding 
perfumes. There are specimens of great antiquity. 

-(J/iM.) A white granular rariety of gypsum 

iq.v.) ; a hydrous sulphate of caldam, much used in 
the manufacture of plaster of Paris. This variety 
is chiefly found in EIngland in the New Bed Haris. 
Composition; CaSO, .2H,0. Also known as gypseous, 
or white, alabaster. 

—^—• Oriental (Min..) A stalagmitic variety of 
oaldte; of white or brownish concentric laminte. 
Used as an ornamental stone under the name Algerian 
onyx. 

Alanine, CH,CH. NH,. COOH. a- amidopropionic 
acid. A decomposition product of albumin. 

A close-fitting ecclesiastical vestment, 
originally of fine linen, with apparels on the skirt 
before and behind, also on the cuffs. 

Albertotype, Albert type, from name of inventor. 
A photographic plate so prepared that it can be 
printed from like a lithographic stone. 

Albian Series (Geol.) A term often applied to 
the (jault, which English geologists regaid as the 
lowest member in Britain of the Upper t.'retaceoiis 
rock. The typical locality is near Folkestone ; and 
the British rocks of this age mostly consist of clays 
of marine origin, ranging from 150 ft. to nearly double 
that thickness. These beds were formed in rather 
deep water. They affifjrd remarkable illustrations of 
fossiliferous zones, in which the “ zones " are mostly 
chanicterised by distinct species of organism, mostly 
Ammonites. 

Albite (Min.) One of the rock-forming alkali 
silicates, constituting a soda felspar. Its composition, 
when it is quite pure, is NajO = 11 ■8, Al^Og = 19-5, 
SiO, = 68'7. Its crystalline system is anortbic. It is 
not uncommon as a constituent of the crystalline 
schists and gneisses. It sometimes occurs as a con¬ 
stituent within the body of granites and the rock 
allied to them; but more ciimmonly it has been 
developed within drnsy cavities in these rocks during 
the later stages of consolidation. 

Albumen. Egg albumen, the white of the egg of 
the fowl {Oallng banekivia), is used in pharmacy 
and in photography. In the latter case it serves as 
the support or vehicle for the sensitive salts in 
printing papers of the older types. 

- (Botany). The tissue containing reserve 

food substances present in many seeds, and surround¬ 
ing the embryo. It is also called endosperm—a 
preferable term, on account of the use of “ albumen ” 
for a definite chemical compound. 

Albumin. A general term applied to those com¬ 
pounds containing carbon, hydrogen, nitrogen, oxj gen, 
and sulphur, which form the most important con- 
stitaents of living animals and plants, and give 
certain general reactions. Tliey belong to the cla.ss 
of colloidal strbstances. They are coagulated on 
heating; precipitated from their solutions by alcohol 
and by certain salts, such as magnesium sulphate and 
ammonium sulphate ; are generally amorphous solids, 
but some have been obtained crystallised— e.g. serum 
albumin ; soluble in water, dilute acids, and alkalis : 
of unknown constitution. Bofmeister gives the 
formula corresponding to a mole¬ 

cular weight of 10166. Some of the general 
reactions referred to above are; (1) precipitation by 
the strong miueral acids; (2) precipitation by the 
alkaloid reagents; (3) the Biuret reaction (q.v.) ; (4) 
the xanthoproteic reaction (jq.v.); (5) Millon’s reagent 


(q.v.) Some of the decomposition products of 
albumins are glycocoll, leucine, aspartic acid, lysine, 
argenine, tyrosin, indole, skatole, and ptomaines 
(q.v.) For the classification of the albumins, consult 
a book on practical physiology. Ordinary white of 
egg is a typical albumin, and the name albumen is 
generally used for it,—W. H. H. 

Albumiaoida. These belong to the class of 
proximate principles which comprise the protvid 
group. They are derived from animals, are soluble 
in water, and contain the elements nitog^en, carbon, 
oxygen, hydrogen, and sometimes sulphur. The 
albuminoids are of less nutritious value than the 
true proteids. At the same time, wli«n mixed with 
proteids, they are of soil)l value. In the group are 
gelatin, keratin, chondrin, and ossein. 

Alburnum (Botany). The outer part (sapwood) 
of the wood of an old' tree. It n-tains the power of 
oaiTving up the soil water absorbed by the roots. 

Alcarraza (Pot.) An unglazed porous vessel for 
cooling water by evaporation, used largely iif Bpain, 
Eiiypt, and some parts of Asia. 

Alcazar (Arehitoct.) The Spanish name for a 
ca.stle or palace. 

Alcohol. Thi.s is a general teim applied to any 
compound formed from a hydrocarbon by replacing 
one or more hy<lrogcn atoms by the same number of 
hydroxyl (OH) groups, the hydrogen atoms replaced 
being attached to flifferent carbon atoms. When 
only one hydrogen is replaced, we have a Moso- 
HYDKIC ALCOHOli ; when two arc replaced, a 
Dihydbic Alcotiol, and so on. 'fhere are three 
classes of alcohols; (1) Primaky, which have the 
formula B — CILOH, where II is a hydrogen atom 
or an alkyl radical (q.v ); (2) Secoxuaby, having the 

formula PHOH, where E and 1!' are both alkyl 

nidicals and which may be the same or differcht; (3) 

B 


Teetiaey, having the formula B' — COH, where 


It" 

E,B',R", are alkyl radicals which may be theftsame or 
different. 


BfamjiUii : 

OH, 


CHjOH 


Monoliytlric alcohol 
from ctliaae C^Ll^. 


CH, 

CH^OH 

Primary. 


CH.pH 

CHjjOH 


Dihydric alcohol 
from ethane. 


CH,OH 


CHOH 


CH, 

I 

CHOH 

CH, 

hecondary. 


CH,OH 

Trihydric alcohol 
from propane. 

CH. 


CHj-C.OH 

i 

C.Hg 

Tertiary. 


Ordinary alcohol is Ethyl Alcohol, CH,.CH,OH; it 
is produced by the fermentation of sugar. On the 
largo scale it is obtained by allowing malt, which 
contains the enzyme diastase, to act in presence of 
warm water on barley and wheat. The diastase 
converts the starch of the grain into a sugar called 
maltose (q.v.) Yeast is added to the liquid, when 
the maltose is fermented, and yields alcohol. The 
WOBT, as the product is called, is then submitted 
to .steam distillation, when Bbotitied Spibit is 
obtained, which is a mixture of alcohol and water, 
containing 84 per cent,, by weight, of alcohol. To 
obtain Absolute Alcohol the rectified spirit is 
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allowed to stand over lumps of quicklime, and then 
distiiled again. By repeating the process it can 
be obtained free from water. Alcohol is a faint, 
pleasant'Smelling liquid, boiling at 7t>° C. It mixes 
with water in all proportions. On oxidation it yields 
first tddehyde (q.v."), then acetic acid. Alcohol 
enters into the composition of spirits, wines, and 
beers. Brandy, whisky, and rum contain about 50 
per cent., gin 40, port wine 20, sherry IB, claret 7, and 
beer 5 per cent., by weight, of alcohol in every case. 
See alto Ethylates, Ethyl Chlobide.—W. H. H. 

Alcohol Fnel (Motor Cart). Alcohol, being volatile, 
reswiily forms a vapour, which, when mixed with air, 
is highly explosive. In France and Germany cheap 
alcohol, made from potafKs or beetroot, is utilised 
to a considerable extent In place of petrol. 

Alcoholimetry (Ghem.') The method of esti¬ 
mating the amount of alcohol in a liquor. If the 
liquor is a mixturo of alcohol and water only, this 
may be done by taking the specific gravity and 
lookinpf out the result in a table, or by use of a 
Sikes’ hydrometer, which is an instrument specially 
dpvi.>.ed for the purpose. In the case of beer, wine, 
etc., a suitable fraction is distilled, so as to (»l)tain a 
mixture of alcohol nml water only, and the amount 
of alcohol is cstimatcil in the distilled part. 

Alcove (JiuilfliHff). A vaulted recess : a niche. 

Aldehyde. This is a general term ajiplied to 
compounds containing the group 11 — OliO, where 
li may be hydrogen or .m alkyl radical (q.e.), but is 
frequently used to denote acetaldehyde (q.v.) Alde¬ 
hydes are generally liquids : easily oxidised to acids; 
readily polyiuei'ising (q.v.) : combining directly wi*"'! 
ammonia, prussic acid, and sodium hydrogen sulphite: 
with phosphorus {smtai-hloride the oxygen is re¬ 
placed by two chlorine atoms. They undergo con¬ 
densation (q.v.) See also OXIM KS ivnA llYDRAZONKS. 

Ald^r, Common. Ike Woods. 

Aldol, Gn,.ClIOUCn,OHO. A liquid formed by 
the comlcnsation of aldeliyde. 

Alen^on Lace. This lace is manufactured by a 
process vi-ry similar to Brussels lace (y.f.) It is 
made i^ France, and, though very beautiful, is not 
equal to Brussels lace. In the modern Alen^ou, 
machine-made net is generally used. 

AleUFone (Jiotany'). The protcid (nitrogenous) 
grains found as a reserve material in cell.-, par¬ 
ticularly those of many seeds. They are often of 
large size and complex chanicter. 

A1 Pine ( Mmio). To the end. 

Algerian Onyx (Min.) See Alabasteb, Obibmtal. 

Alhambra ( Weaving). A coarse counterpane or 
figured beii quilt with coloured threads.wrought by the 
Jaequard niachine in large and ornamental designs. 

Augment (Eng., etc.) The correct placing in 
line of ttie t)arts of a machine or apparatus— e.g. the 
mandrel and loose centre of a lathe, or the front and 
track wheels of a bicycle. 

Alinement, Alignment (Archoeol.) Arrangement 
in lines. Btone avenues formed of meiMrs or blocks 
of stone. 


Aliphatic Componnde (Chem.) Tlie compounds 
derived from the saturated and uusatnrated open 
chain hydrocarbons. 

CH ro COH 


Allxai4a« 


HC /X/N/N 

■nr, I I I I 

OH 00 CH 


COH 

CH 


Orange-red needles which melt at 290° It is finrnd 
in combination as the glucoside ruberythric acid in 
madder root, from which it was formerly obtained. 
Now it is made from anthracene (q.v.), which, with 
faming sulphuric acid, gives anthraquinone mono, 
sulpbonic acid, and the latter on fusion with caustic 
soda and a little potassium chlorate gives sodium 
alizarin; addition of acid yields alizarin. It is a 
most important dye; with alumina as mordant,it 
gives Turkey Bed. Many of its derivatives are also 
dyes— e.g.AliSarin which is used as a substitute 

for indigo, and is very stable. See also Dyes and 
Dyeing. 

Alkali. An alkali is a substance which yields, on 
solution in water, hydroxyl ions. Compounds such 
as caustic soda (NaOH), caustic potash (KOH), 
solution of ammonia (NH,OH), slaked lime 
(Ca(OH)^) can all evidently yield hydroxyl (OH) 
ions. Oxides, like quicklime, first form the hydroxide, 
e.g. Ca(OH)j, and so on solution yield hydroxyl ions. 
In the case of salts of a weak acid, such as carbonic 
acid, which yields the alkali sodinm carbonate, we 
have, on solution in water, the following change: 
NujCO, + H„0 = NaHCO, -H NaOU, and in this 
cas'e we again have hydroxyl ions. Alkalis Ijave a 
caustic taste, turn red litmus bine, and neutralise 
acids, forming a salt and water. The alkalis 
ammonia, caustic soda and caustic potash, sodium 
and potassium carboniites, and quicklime (CaO) are 
)ircpared on an enoimous scale. For the prepara¬ 
tion of the first of the.se see AMMONIA; it was 
formerly, and is still sometimes, called the Volatile 
Alkali, because it is readily volatilised on heating. 
Caustic soda and potash arc often called the Caustic 
Alkalis, and their carbonates the Mild Alkalis ; 
these arc all called Jixed alkalis, because they are not 
real! ily volatilised on healing. Sodium Cabbonate, 
Xa.COj, is prepared in two ways: (1) by the 

Lef)lano Proces.s ; (2) by the Ammonia Soda or Sol¬ 
way Process.— The Leblanc Pbocess: Common salt 
is headed with oil of vitriol in iron {lans; sodium 
hydrogen sulphate and hydrochloric acid gas are 
produced; the acid sulphate and the unchanged 
siilt are heate<l in a reverberatoiy furnace, and gi\e 
sodium sulpliate and more liydrochloric acid gas. 
This is called the Balt Cake Pbocess. The hydro¬ 
chloric acid gas is passed into watcr.and the solution 
is commercial hydrochloric acid. The salt cake is 
now mixed wdth powdered coal and limestone 
(CaCO,). The coal (C) itxluces the sulphate to 
sulphide, and the latter, with the calcium carbonate, 
forms sodinm carlxuiate and calcium sulphide. This 
product is called Black Abh from its colour. The 
black ash i.s now placed in tanks, and treated with 
warm water, which dissolves the sodinm carbonate 
and lpave.s the calcium sulphide. This solution is 
called Tank Liquob, and the solid, Alkali Waste. 
I’art of the tank liquor is used in making caustic 
soda (see below), while the alkali waste is used in 
the manufacture of sodium thiosulphate (q.v.) and 
treated for the recoverj- of the sulphur (see Ghahce’8 
Pbocess). For sodium carbonate the tank liquor is 
treated with carbon dioxide, obtained by heating 
limestone, and the liquid is crystallised, givii^ soda 
crystals (NajCO,10H.O); on healing, these crystjils 
lose their water and' form SoD.i ASH—commcroial 
sodium carbonate.— The Ammonia Boda Pbocess: 
Strong salt solution is saturated with ammonia gas, 
the liquid being cooled the while. The cooled 
solution is forced by compressed carbon dioxide 
into high towers, where it meets an nscending 
current of carbon dioxide, which is forced into tbe 
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bottom of the tower under pressure, the outside of 
the tower being cooled by a stream of ooM water, 
bo^nm bicarbonate separates as a solid, and 
ammonium chloride remains in solution. The 
bicarbonate is filtered off, washed, and heated, when 
it yields sodium carbonate and carbonio acid. The 
ammonium chloride solution is heated with slaked 
lime, and yields ammonia, which is used in the first 
stage of the process. The carbon dioxide from the 
bicarbonate, and that whiuh escapes &om the tower, 
caning some ammonia with it, are collected and 
utilised agaiu. This proces.s is very economical, as 
the only waste product is calcium chloride; also it 
yields a purer product to 99 per cent. Na.,CO,). See 
al$o under SoDItJM. Caxjstic Soda, NaO*H, is pre¬ 
pared from sodium carbonate solution (or from the 
tank liquor of the Leblanc Process) by mixing .with 
milk of lime (Ca(OB) 2 ) and carefully heating; 
calcium carbonate seimrates, and a dilute solution of 
causjiic soda results. This is concentrated in iron 
pans till it is of the requisite strength, and is then 
cast in moulds. See aUn under BooiiTH. PoTAS- 
SIDU Cabbohatb, KjCOj, was formerly always 
obtained from the ash of plants, and some is still 
obtained from this source. The ash is treated with 
water and the clear solution evaporated in pots; 
hence the name Potash. In repeating this process 
a purer product is obtained; it is ctilled Peabl Asb. 
Most of the potassium carbonate of commerce is now 
obtained from the potassium chloride of the Btassfurt 
deposits by a pnxjess exactly similar to the Leblam. 
Process d^cribed above. C’aubtio Potash (KOH) 
is prepared from potassium carbonate, just as caustic 
soda is prepared from sodium carbonate. See aleo 
under Potassittu. Sodium carbonate is use<l on an 
enormous scale in making caustic soda, in making; 
soluble glass (cement), in making sodium bicai. 
bnnate, and other sodium compouuds. Caustic soda 
is used in soapmuking and in refining oils. Caustic 
potash is used iu making soft soaps.—W. 11. H. 

Alkali Blae. See Dyes and Dyeing. 

AlkaJim etry ( Chem..') The process of estimating 
the amount of alkali in a substance by adding to a 
measnred volume of its solution a known volume of 
a standard acid, and using an indicator to determine 
the neutral point. See Indxcatobs. 

Alkaline Development {Photo.') Development 
(^.e.) in which an alkali is added to the solution. It 
is most applied to the development of dry plates 
containing silver bromide, the alkali helping the 
separation of the bromine from the metallic silver 
which builds up the image. 

Alkaline Earths. These are Lime, Babvta, and 
Stboktia. 

Alkali Waste. Sec Alkali. 

Alk^oid Reagents. Alkaloids give precipitates 
with: (1) l^hosphomolybdic acid; (2) Phospho* 
tnngstih acid; (9) Iodine in potassium iodide; (4) 
Botasainm mercuric iodide; (5) Potas.sium bismuth 
iodide; (6) Tannic acid; (7) Picric acid. The first 
three are the best and most delicate reagents. Picric 
acid does not give precipitates with all alkaloids. 

Alkaloids are basic, nitrogen-containing ring 
oompouni^ of vegetable origin; most of them are of 
unknown constitution, a few (conine, peperidine, 
nicotine, atropine) have a known constitution. Some 
are derivatives o^yridine, some of quinoline, and 
some of pyrrol They have remarkable physiological 
action; most of them are opticidly active (Isevorota- 
tory), and some of them are among the most 


poisonons substanoes known. Besides thoiB men¬ 
tioned above, other important alkaloids are quinine, 
morphine, s^ohidne, cocaine, atropine, aconitine, 
veratrine, caffeine, etc. 

Alkannin {Botany), AiTumnattnetoria (<nder, 
Boragmaeeee). A ted dye obtain^ from me root, 
and used in pharmacy and as aVrood stain. - 

AlkyL This name is given to the residue obtained 
by taking away one hydrogen atom from a molecule 
of a paraffin hydrocarbon. Thus, methane GH, yields 
the alkyl CH,. They are not substances which can 
exist separately. CH,C1 is an alkyl ohlorlde, 
(CB,) 2 Zn is a zinc alkyl; and so on. ^ 

Alla Breve {Mueic), Si time a breve : fonr 
minims iu a bur. 

Alla Capeila {Mneie). In church style: two 
minims in a bar, 


Allan’s Link Motion (Bny.)- A form of link 
motion {q.v.) in which a straight link is employed. 
In reversing, the eccentric rod is raised and the valve 
rod lowered by equal amounts (or vice versa). 

Alla Prima (Paint.) A painting executed 
without retouching. Eubens' pictures are notable 
examples of this method. 

Allargando (Muste). In a broad style ; slackening 
the sixied. 

Allecret (Coiit.) See Halecbet. 

Allegory (Art.) A figurative representation : a 
symbol. 

AHegretto (ATioic). Itather cheerfully: a diminu¬ 
tive of allegro. 

Allegro (J/itMO). Cheerfully, quick. 

Allen’s Governor (Eng.) A steam engine governor 
consisting ot a fan revolving in a ca'-e filled with oil. 
The case can also move, but it does pot do so as long 
as the speed of the fan is constant. When the latter 
larles, the case turns and acts on the regulating or 
throttle valve of the enp inc. 

Allerions (Her.) Small birds without l>eAk8 and 
claws. Borne hold that they are eagles which have 
lost beaks and claws. 

Alligator Shears {MetaUwrgy), Large mechanic¬ 
ally operati'd ' Inars, with the lower blade fixed, msed 
for cutting the bans of iron after puddling (q.v.) 
Also termed Cropping Bheabs or Cbocodilb 
Shears. 

Alligator Squeezer (Metallurgy). A press worked 
on a lever principle for squeezing cinder and slag 
from puddled iron while still in a semi-fiuid state. 
The name is derived from the large “teeth" or 
serrations on the jaws. 

All Mine Pig Iron (Metallurgy). Onlinary pig iron, 
made entirely from ore, without admixture of iron¬ 
bearing slag. See CiNDEB I’lG. 

Allotropy. Many elements have the property of 
existing in more than one form. This phenumenon 
is called allotropy. Oxygen, 0„ exists in the alio- 
tropic modification ozone (O,). Carbon exists as 
diamond, graphite, and charcoaL Phosphorus exists 
us yellow and red phosphorus. Evidently the phy¬ 
sical properties of the allotropio modifications of an 
element are very different, T'he chemical properties 
are different in degree: thus, charcoal burns easily, 
diamond with difiSiculty. 
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JUIq^ Alloys may be reguded as solid solntio&s 
of metals in metals. In some cases the metals in an 
alloy are in the ratio of their oombinine weights or 
multiples of these; then the alloy maybe regarded 
as a definite oomponnd. Alloys are proanced: (1) by 
melting ^he meta|s together in proper proportions; 
(2) by eleotrO'depositioD—^thns copper and zinc can 
be deposited together to form brass; (3) by com¬ 
pression of the finely divided metals. In practice 
metals are rarely used pore; a silver coin is an alloy 
of silver and copper, a gold coin of gold and silver, 
these aliojis being harder than the pare metal. 

AUspioa (^Botawy). Pinventa offieinalig (order, 
Myrtaeeee). ST^e fruits, when nearly ripe, are dried 
in the sun, and^form the.,^llfinoe of commerce. 

Allotrium {Geol.) Materials derived from the 
sub-aerial waste of upland areas are carried downhill 
and seawards by the action of running water. At 
those points where the velocity of the transporting 
agent, and therefore iis transporting power, are 
checke^ as where a stream reaches flat ground, or 
flows into a quiet pool or a lake, the materials pre¬ 
viously carried forward by the running water are left, 
usually being spread out in thin layers. Accpmula- 
tions thu.s formed soon grow up into dry land, and 
receive the above name. 

AUyl. This is the name given to the group 
(CH,:CH.OIl,.-), CTL:aH.CH,OH is allyl 
alcohol = C.H.OH. GH,: CU . CH^ is allyl iodide 
= C,IIsT. 

Ahnandine One of the Garnet group. It 

is much used in jewellery. Its colour is deep red, its 
hardness about 7. It crystallises in forms’.of the 
cubic sy.stem. In composition it is an iron alnminium 
orthosilicat*!. The chief localities arc Ceylon (where 
it occurs in alluvial deposits, and in titu in gneiss), 
India, Brazil, Piedmont, etc. 

Almandine Baby The violet variety of 

spinel cut and used as a gem. 

Almayne Rivets, Almain Rivets iArm.') Rivets 
which allowed the overlapj»ing plates of armour to 
slide over one another; so called from their German 
origin. 

AlmotSd {Botany'). Pmnv.» amyydoXis (order, 
Roittisete). Both the bitter and the sweet varieties 
yield tlic oil of almonds used in pharmticy, 

- {Paint.) An aureole, almond shaped, 

found in the works of early isiinters. 

Almoce, Amess {Cost.) Not to be confounded 
with amice {y.v.) A fur hood or cape worn by 
ecclesia.stic8 for tlie sa.ke of warmth. It covered the 
shoulders, and hung dowu in front somewhat like a 
stole. 

Aloes {Botany). Aloe: various species (order, 
Liliaoeee). This drug is prepared from the rosinout. 
juice of the leaves. Bavbadoes aloes are derived 
from A. nnlgaris; Bocotrine aloes from A. Perryi; 
Cura^oa aloes from A. ehinensis. 

Alpaca. Wool of the Peruvian sheep or llama, of 
a sott lustrous fibre, used chiefl.v in the manufacture 
of dress fabrics known as alpacas. 

Alps. A name originally applied solely to the 
upland areas of Switzerland and the mountain regions 
adjacent, but now extended so as to apply to arty 
mountain tract of similar geographical character. 

A1 BeABO {Miisie). To the sign Ig. 

AUtonite {Min.) Barium calcium carbonate, 
BaCo,. CaCOg; barium carbonate=66'3; calcium car¬ 
bonate =33-7 percent. It crystallises in twins of the 


rhombic system; in a;^»earanoe very like dogtooth, 
crystals of caldte, but distii^uisbm from caloite 
by the double striation on the crystal faces. Frtte 
Alston Moor and Hexham. 

Altar {Arekaol,). The stand or table on wbicb 
offerings to a deity were placed. In Christian times 
it is used to place the vessels on at the consecration 
of the elements. Originally of stone; now gener¬ 
ally of wood. 

Altar Clotii (Bee.) The covering of the Com¬ 
munion table or altar, often richly embroidered. 

Altazimuth. An astronomical instrummit for 
measuring the altitude and azimuth of heavenly 
bodies. Essentially a telescope capable of rotation 
round its horizontal and vertical axes, with graduated 
circles for measuring the angular movement in either 
plane. A smaller instrument on the same principle 
is used in surveying. 

Alternate Continaoas Transformers (Elect. 
Eng.) See BotabY Tbansfobmbbs. • 

Alternate Current. See A^TBBNATnfa Citbbbnt. 

Alternate Current Dynamos (Elect. Eng.) A 
dynamo without a commutator {q.v.) for rectifying 
the current, and therefore producing an alternating 
current (q 4 ).) See Dystamos. 

Alternate Current Electro-Hagnet (Eleet. Eng.) 
A magnet (such as is tised in alternate current arc 
lamps) worked by an alternating current. It must 
either be laminated or else built up of a bundle of 
iron wire, to reduce losses by induced currents. 

Alternate Current Motors (Eleet. Eng.) See 
Monophasb and Polyphase Motobs. 

Alternate Current Transformer (Ehot. Eng.) 
.Slee Tbabssobueb. 

Alternating Circuit {Eleet. Eng.) A circuit in 
which an alternating current {q.v.) is flowing. Cal¬ 
culations relating to these circuits must take account 
of their self induction {q.r.), and in many cases their 
capacity also, in addition to their resistance. . The 
equations connecting the current and electro-motive 
force may be derived .from Ohm’s Law (q.v.) if we 
substitute impedance (q.v.) for resistance. 

.Alternating Current. An alternating current of 
electricity is, as its name implies, one that flows 
alternately in opposite directions. This does not 
mean that the current abruptly ceases and 'in¬ 
stantly flows in the opposite direction with the 
same strength. It commences at zero and rises to a 
maximum value, thou falls to zero again and com¬ 
mences to flow in the opposite direction, again reach¬ 
ing a maximum and falling to zero*; so that its 
value at any given instant would be represented by 
a wave-like curve which generally follows more or 
less closely the form of a “curve of sines” (see 
Habmonic Motion). The alternations ai-e very 
rapid in most cases, about a hundred per second, 
and if we observe the filament of an tiloctric incan¬ 
descent lamp it appears to remain uniformly bright, 
just as it would if heated by a continuous current 
flowing steadily with a value of, roughly, three- 
quarters of the maximum strength of the alternating 
current. The special value of an altematihg current 
is that we can take a small emtent with a very 
high voltage and transform it into a large current 
at low voltage by the use of a simple piece of 
apparAtus called a transformer {q.v,\ without any 
serious loss of power. As the transmission of a 
Bmail current only requires the use of small wires in 
the mains, t^ method of distribntiem is very much 
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cheaper than the employment of a continuous cur¬ 
rent. For example, in lighting by incandescent 
lamps the voltage is about 100 volts in most oases, 
while the current supplied by the mains is at 2,000 
volts, or twenty times as great a voltage; but the 
amount of current supplied by the mains in this 
case is only one-twentieth of the current after being 
transformed for use in the lamps—that is, if tire 
mains were supplying 10 Amperes at 2,000 volts, the 
transformed current would give 200 Amperes at 100 
volts (approximately). Ihe chief disadvantage attend¬ 
ing the use of alternating currents is that they are 
less suited for the driving of motors than continuous 
ennents are; and when power has to be transmitted 
by their means, some special form of motor has to be 
used, and these forms can scarcely be said to have 
reached the same stage of efficiency which has been 
obtained by the continuous current motors.—G. F. G. 

JUtitnde (Astron.) The angle between a star and 
the horizon, measured along a vertical circle. 

Alto (MuS'ie). (1) The highest of the voices of 
men; also called counter-tenor. (2) The Viola 
(g'.v. under Musical Ikstbumbnts). 

Alto-RelieTO. Sculpture in which the figures pro¬ 
ject more than half their proper proportions from the 
background. See Mezzo-Bklievo, Basso-Kelievo, 
Cavo-Relibvo, and Intaglio. 

Alum. Native potash alum (also called Kalinite) 
occurs in small quantity in the alum shales of 
Hurlet, near Glasgow, and at Whitby. It crystallises 
in octaliedra of the cubic system. The composition 
of common alum is K,80,. Al/SO,),. 24HjO; but a 
number of other alums are recognised by chemists. 
These have the general fomula KjS0,M.j(S0^),24H,0, 
where R is (me of the metals potassium (K). sodium 
(Ka), or the group Ammonium (NJl^), and M is (me 
of the metals aluminium (Al), chromium (Cr), or 
iron (Pe), Common alum is potassium aluminium 
alum, 11=K and M = Al. It is made from aluminium 
sulphate (obtained from .shale or bauxite) and potas- 
siumxihloride and sulphate. It is usctl as a mordant 
im dyeing, as an astringent in mwlieine, and as an 
adulterant to wliitcn bread. Alum in Bbead : For 
the purpose of enabling inferior or damaged flour 
to be used in the making of bread, alum, in quan¬ 
tities ranging from 30 to 60 grains in a 4-lb. loaf, is 
added. It prevents fermentation, and tends to make 
the bread whiter. A good rough test for detecting 
the presence of alum is the logwood test 

Alum Bath {PJwto.) A solution of alum, which 
prevents gelatine films from “ frilling,” or curling 
up at the edges, when drying. 

Alumina. Oxide of aluminium (A1.0,), a white 
amorphous substance the basis of aliim, and the 
most abundant of the “earths.” It is wideW 
diffused over the globe, and is the chief constituent 
of all clays, the principal ingredient in the manufac¬ 
ture (A porcelain, and is present in more or less 
quantities in glass. It is used extensively in the 
arts, and is valuable im account of its affinity for 
vegetable colouring matters and animal fibres. It 
forms the base of certain colours in dyeing, and also 
acts as a mordant. Ses Alum, Aluminium Com¬ 
pounds, POTXBBY AND POBCELAIN, liBlCKS, etc. 

Alnminiiim) Al. Atomic Weight, 27. 1'bis metal 
occurs in clay, which may be regarded as chiefly 
aluminium silicate; in cryolite, which is a fluorine 
compound (AlF,3NaF. ); in bauxite (Al. Fe)jO,H.O; 
in felspars and china clay. It is now always obtained 
by heating aluminium oxide as pure as possible in an 


electric furnace. Iffie furnace is an iron vessel lined 
with carbon, the vessel itself forming the kathode or 
negative pole; the anode consists of a number of 
carbpn rods. The charge consists of the pure oxide 
alone or mixed with cryolite to serve as a flux. In 
starting the furnace the electrodes are brought to¬ 
gether, and then the anode is gradually rais^; the 
arc rapidly fuses the charge, and the metal begins to 
separate. The process is continuous. Very pure 
aluminium is obtained by beating the double bromide 
of aluminium and sodium with pure sodium. Alu¬ 
minium is a greyish-white metal which melts at 
654®; it is very malleable, and its conductivity 
for heat and electricity is about one-third that of 
silver; its tensile strengto is about 12 tons per square 
inch. The metal when pure is quite permanent in 
air; it only oxidise.^ at a very high temperature. Hot 
water .slowly attacks it, forming the liyiirate. Hydro¬ 
chloric acid dissolves it; hot, strong sulphuric acid 
forms the sulphate, and nitric acid has very little 
action. Caustic soda solution readily dissolves it, 
evolving hydrogen and forming sodium alueninate, 
3Na,0, AljOj. Organic acids have no action except 
in the presence of common salt, when there is a 
slight action. Of its alloys, aluminium bronze, Al 
(10 parts), Cu (90 parts) is the most imiiortant; it * 
is the strongest of the copper alloys, and has the 
colour of gold. 

Alaminium Compounds. Aluminium Oxide, 
Al.jO„ occurs naturally as Cobundi’m and with ferric 
oxide as Emeby ; ruby,snppliirc, .^nrl some other gems 
are aluminium oxide coloured by certain metallic 
oxides (Cr aud Co). It is obtained by heating the 
hydroxide or ammonia alum, as a white powder in¬ 
soluble in acids. Aluminium Hydboxide, Al,(OH )*, 
is formed by* adding an alkali to a solution of an 
aluminium salt. It corabiDe.s with dyes forming 
coloured Lakes —hence tlie use of aluminium salts as 
mordants in dyeing. Aluminium Chloride, : 

A hygroscopic wldte powder, formed by heating 
the metal in hydrochloric acid gas and by hming 
a mixture of the oxide aud charcoal in chlorine 
gas. Forms double salts with the alkali chlorides, 

03 ALCljNaCl. Used as a condensing agent 
((j.v.) in organic chemistiy. Aluminium Suaphate, 
Alj(SO,),18H.jO: A whits powder, formed by heat¬ 
ing bauxite with .sulphuric acid. Used in paper- 
making, in precipitating sewage, and in making alum. 

Alum Leather. Leather dressed with alum and 
salt, either alone, for whips, aprons, etc.; or, fur 
glove.s, with alum, salt, flour, and egg yolk, 

Alumstone (Min.') ' A hydrous sulphate of alu¬ 
minium and potassium, 3(AljSO,).K^SO,.6H5O • aln- 
min!t=U7ri3, potash ==11'34, sulphuric acid’=3S'63, 
water=13 per cent. TLsually massive and granular, 
sometimes in rhombohcdral crystals. It occurs in acid 
volcanic rocks near Home, in Tuscany, Hungary, etc. 

It is an important source of alum. 

Alunite (Min.) A synonym for alumstone (q.v.) 

Alunogene (Min.) A hydrous aluminium sulphate, 
AljSOg. IWHjO : alumina = 15-4, sulphuric aoid=:iC, 
water 48*6 per cent. It is a prodiudi of the decomposi¬ 
tion of shales, containing pyrites (alum shales), and is 
source of alum. Its crystalline system is mono- 
symmetric, but it usually occurs in fibrous veins and 
incrustations near Glasgow, Hungary, North and 
South America. 

Amadou (Bctany). Polypons fomentariue (class, 
Funtji). A spongy form of tinder, made from a fungus 
on old trees by soaking thin slices in saltpetre 
solution. 
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AmBJ^a,iii (^Ckem.) An alloy of merctuy with 
another metal. Tin Aualoah was formerly used in 
** silvering ” mirrors and on the rubbers of motional 
electrio machines. Sodium AhaIjOAH is used as a 
reducing agent, as it gives a slow stream of hydrogen 
when placed in water. Gold Amaloam is used in 
dentistry. 

- (Mm.) A native amalgam of silver and mer¬ 
cury, AgHgj: mercury =*(55‘2, silver=34'8 per cent. 
In cubic crs’scals of brilliant tin-white colour; brittle. 
From Almaden, in Spain; Dauphind, in France; 
Sala, in Sweden, etc. Another amalgam with more 
mercury is called Auquerite ; it is ductile; it comes 
from Chili, o 

Amalgamation Processes (Met.) linth gold and 
silver can bo extracted from their ores in certain 
cases by the treatment of thtf cruslu'd ore with 
metallic mercury, thus forming a fciiLVBB or Gold 
Amalgam. See aho Gold and Silver. 

Ama|ette {Paint.) A tool used in grinding colours 
to gather che material together, but, like the mnlier, 
it is now obsolete. 

Amateur. One who has a taste for anything, but 
is not a skilled workman plying his tnide for a living. 
The term is sometimes applied to one w’bo is only a 
smattcrer. 

Amazons. Mythical race of female soldiers often 
represented in art— e.g. the strife l»etwcen Theseus 
and the Amazons. 

Amber (Min.) A fossil resin of light yellow to 
deep brown, washed up iiy the sea, chiefly on the 
shores of the Baltic; furnishes a valuable picture 
varnish; also much nsefl for beads and pipe stems. 
The residue left when amber is heated is used in the 
manufacture of .«oroe fine black \amishes. Com¬ 
position : carbon = 78‘96, hydrogen = 10-51, oxygen 
.= 10-52 per cent. * 

AmbergriB. A substance formed in the intestines 
of the sperm whale {Phyteter marroeejfhalug). It is 
found floating on the sea, and is much used in 
perfumery. 

“AmKtty" (Olaes Manufae.) A term used to 
denote that glass has become devitrifled in the pot 
during the time it is being worked. 

Ambo. A pulpit or reading-desk in an Early 
Christian church. 

Amboyna Wood. S-c Woods. 

Ambulant (I/er.) The action of walking. 

Ambulatory. A part of a building intended for 
walking in, such as the cloisteis (q.v.) 

Amentum {Botany). A long hanging spike of 
unisexual flowers, such as one sees in the hazel or 
poplar. 

American Siver Steamers (Eng.) I.iarge 
steamers of very shallow draught, often propelled 
by a single paddle wheel fixed at the stern; hence 
called “ Stern Wheel ” steamers. 

Amethyst (Min.) A violet and tmuspareut variety 
of quartz (j'.r.) used largely for cutting as an 
ornamental stone. Its colour is due to traces of 
manganese. Found in Soetland, South America, 
China, etc. Amethyst was suppose*! by the ancients 
to protect against drunkenness. See also Precious 
Stones. 

-, Oriental (Min.) A violet variety of 

corundum (q>v.) 


Amlaothos (Min.) A very silky variety of 
asbestos ( q . v .) 

Amice ( (hist.) ** A fine piece of linen of an obtong 
equate form, which was formerly worn on the head 
until the priest arrived before the altar, and then 
thrown upon the shoalders.”—W at. Often enriched 
by apparels. 

Amides are compounds formed by the replace¬ 
ment of the hydroxyl of a oarboi^l (COOH) group 
by the group KH,. They are solids easily resolved 
into an acid and ammonia by boiling with dilate 
acid or alkali (see Htdroltsis). Dissolved in 
bromine and treated with caustic potash solution, 
they yield amines. Heated with phosphorus pent- 
oxide, they yield nitriles. They are produced 1^ 
heating the ammonium salts of organic acids; also 
by the action of ammonia on either an acid chloride 
(q.v.) or an ester (q.v.) For examples of amides, see 
Asparagine and Urea, Acetamide, Benzamidb. 

Amide- or Amino-. These prefixes are employed to 
designate compounds formed by introducing a group 
NU, into a compound in place of a hydrogen atom— 
e.g. benzene is C^Hg; the compound CgHjNHj is 
amiuobenzene, commonly called aniline. Tlie group 
NHj confers basic properties upon the compound 
formed by its introduction; thus aniline is a base. 
Many basic colouring matters owe their value as 
dyes" to the presence of this group. Amino com¬ 
pounds have the group NH* replaced by OH when 
acted on by nitrous acids. 

Amines. Compounds formed by the introduction 
of hydrocarbon residues into one or more molecules 
of ammonia in place of hydrogen. Tim amines arc 
all bases like ammonia itself. Mmamines are 
derived froui one molecule of ammonia : 



.CH, 

.CH, 


n<j1h 

'H 

N^CU, 




\CH, 

Ammonia. 

Primary 
am me. 

Secondary 

amine. 

Tertiary 

amine. 


Diamines are derived from two molecules of 
.ammonia : 



A piimnTjr diamine. A primary diaminS'. 

Btliylene diamine. Fhenylane diamine 


Ammonia, NH,. A colourless gas with charac¬ 
teristic smell; exceedingly soluble in water; it burns 
in oxygen, forming water and nitrogen. It is a 
powerful base, combining with all acids to form salts. 
It is used in the form of its aqueous solution. The 
strongest solution sold is called “880 ammonia,” 
because its specific gravity is *880. Ammonia is a 
constant product of the decomposition of nitrogenous 
organic matter. It is produced on the laige scale 
from the ammoniacal liquor of tlie gasworks by 
boiling it with milk of lime. 

Ammoniacal Oas Liquor. Gas Manufacture. 

Ammoniacom. Borema ammoniacnm (order, Um- 
hellifero’), A medicinal gum resin which exudes 
from the stem of a Frisian umbellifer. 

Ammonia in Water. Ammonia in water in excess 
is taken as an index of pollution by fsecal or organic 
matter. Its presence either in a free state or as 
albuminoid ammonia is determined by quantitative 
analysis. For a qualitative examination NesslerV 
solution is added to the suspected water. If ammonia 
ie present, the water will be coloured yellow. 
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' Aifaiojatia Soda Proeesi. See Ali^au. . *' 

AaunMllttm. The name given to.group (NH^, 
whidi ie present in all ammonium 'salts. Toe group 
(NHj) has no independent esiiitenoe. 

A-mipaiifanii Salts. AMMONIUM CHUOBIDK, NH.OI; 
a white solid obtained when ammonia and hydro- 
dilorifa acid are l&ought1i()getlier: it is very soluble in 
water, and is used as ^chemical reagent. Also called 
Sal AMMo:iiiAc. Ammonium Sulphate (NH<)jSO> : 
formed by union of ammonia' and sulphuric acid; 
a jvhite solid, used as a manure. Ammonium Gab- 
' BONATB, also called SAL Volatile. It is prepared by 
heating a mixture of ammonium sulpliate and lime¬ 
stone. Ordinary ammonium carbonate is not a single 
substance, but a mixt nre of ammonium carbamate 
KH 

CO \ ONil ammonium hydrogen carbonate 

OH ^ ^ 

00 ^ ONH ’ dissolved in wafer,’ it yields a 

solution of the latter compound. Ammonium salts 
are all decomposed when heated with a strong alkali 
such as lime or caustic soda, gi\ing off ammonia. 
Most of the inorganic salts of ammonia sublime 
oil heating. 

KmmliaA’microscopic animal organism 
found in the mud of ponds and elsewhere. It i.s 
very simple in its structure, being merely a naked 
mass of protoplasih devoid of definite <»rgans. Its 
shs^ is constantly changing, due to the constant 
flowing of the semi-flnid protoplasm. 

JLmorino {^generally in pi., Amoriini). Cujuds, 
often used for enrichcuetit. 

Amoroso (Mueic'). Lovingly. 

Amorphous. This term is applied to substances 
which have not a crystalline structure; c.g. amor¬ 
phous carbon is that modification which is devoid of 
crystalline form—charcoal. 

Amperage Eng.) The amount of current 

which can be carried by a given conductor. It varies 
with the conditions of ventilation and other factors, 
which affect tlie cooling of the conductor. TabU"- 
showing the amount are given in electrical works, 

AmpAre (filect.) The practical unit of electric 
current. It is one-tenth of the absolute unit (g.r.) 
Named after Ampere, a Fieiich electrician. 

Ampere’s Rule (^EU-ct.) A lulc for remembering 
the action of a current on a magnetic pole. If the 
observer swim with the current in tho wire, and. face 
the needle, then the north pole of the magnet will be 
deflected towards his left hand. 

Amperes, Virtual {Elect. Eng.) ' See Virtual 
Current. 

Ampere Turns {Elect. Eng.) The protliict of the 
number of turns in a coil and the number of Amii6res 
flowing through it. See M.^gnexo-motive Force. 

Ampersand {Typog.) The name of the .sign used 
, for the word “ and ’’—thus &. 

Amjdiiantls. That form of Grecian temple which 
has a portico “in antis ” {g.v.) at each end. 

Amphibole {Mm.) A general name applied to a 
section of the ferro-magnesian silicates which are 
allied in imposition and crystalline cijaracters to 
^RNBLENUB. They usually clt^ve in sneb^a manner 
that two adjacent faces so formed give angles of 
about 66^ The crystallisation in tremolile, bom- 
bleador other of less common occunence 


is mono6ymmhtric.;,in aptiiopllyllite it is oribo- 
thombic, while in tauigmatite it is anprthic. Th^ 
are important members of tHe rock-forming sflicates. 

> Amphlbo)ite ( 6eoL) A rock oonsiating ohlefly of 
one of the forms of Amphibole, usually that known as 
actinolitel It is' generally more or less closely asso¬ 
ciated with gneiss, and is commonly one of the 
pegmatites of diorite gneiss. It often contains traces 
of some of the rarer elements. 


Amphiprostyle. That form of Greek temple 
vyhich has a columnar porch' at each end only. See 
Anta and Prostyle. 


Anlji^itheatpe. An ^ii>tical or double theatre 
without a .stage, but witli a space—^the arena—in the 
centre, and at a lower level than the first row of seats. 
See Podium. 


A large two-handled vessel, varying in 
either 



Ampuoh.«. 


Amphora. 

shape, and 
with or without a 
foot. That without a 
foot sometimes stood 
ohatripod. Auiphortc 
w ere common among 
the G.ecks, Romans, 
and Egyptians, and 
were generally used 
for holding wine, oil, 
etc., though theie are 
instance.^ of their use 
as Cinerary Urns (g.r.) and even as coffins. Tliey 
were generally made of earthenware; but there aie 
numerous examples of amphora? nianiifactured from 
more costly materials, elaborately decorate<l. The 
amphora was a st andard measure with botlittie Greeks 
and Romans, among rhe tonner being equal to^about 
!» gallons and among the latter about 6 gallons. 

• • 

Amplitude {Phgx.) The amount which a 
vibrating body is iiisf»lace<l to either side from its 
position of rest—e.y. if a pendulum has a total swing 
of 10 in. from side to .side, the amplitude, which is 
measured from the centre point of the path or position 
of rc.st, is 5 in. , , 


Ampul, Ampulla. A small gla.ss bottle, often two- 
h.'indled ; iilso the vessel containing the holy oil used 
in unction and in the consecration of kings. 

Amulets. Charms, often of a gi'otesque character, 
still worn in some parts of the world, generally sus¬ 
pended from the neck. They sometimes consist of 
mys.t.ic words or characters, engraved on metals or 
stones. Such were those w'orn by the Early Cfiristians. 

Amygdaiin. A glucoside (g.v.) occiirring in bitter 
almonds and in keraels of apricots,’ chewies, and 
peaches. It is a white crystalline solid. - It is re¬ 
solved by the enzyme Emulbin which is coutainedin 
almonds, and also by dilute hydrochloric heid, into 
glucose, prussic acid, and oil of bitter almonds: 
C’a,H,,N{>„ + 2H.p - 2C6lt„0, + HCN + OJTiCHO 
Amygdaiin. Ghiooao. Prnaaic ' BenaUdehyde 

* acid. (oil of, bitter 

almouda). 

Amyl Acetate. A substance prepared by distilling 
a mixture of amyl alcohol, sulphuric acid, and sodium 
acetate. It is colourless, and possesses a- smell lito 
the essence of pears. Used in-tbe preparation of , 
collodion and other varnishes, and as a vehicle.im;. 
many so-calldd gold yiaints. - 

Amyl Alc'fflhol, CjH„OH. There are eight 3iil>* 
stances of this fon^ula, but ordinary amyl alcohtA if 
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a mixture of only two of them—eii:. isobutyl carbinol 

PH V ' ‘^ 

OH*x CH, CHj. CHjOH^ the principal oonatituent, 

* f1T.T 

and active amyl alcoholCH.CHjOH. It is 

a pecnliar-smelling liquid, and is licvorotatory. It 
is prepared from fusil oil by distillation, and is 
that fractioh of the distillate which comes over about 
132°. 

Amyl Nitrite, C>^H: A pale yellow liquid 

smelling like peardrups. It is'prepared by distilling 
amyl alcohol with nitric acid. When its vapour is 
inhaled it pioducos flushing of the fiice, and causes 
the heart t» beat rapidly. It is used in chemistry 
in the preparation of diazo compounds. 

Anarchic (^Botany). I'he term applied to bacteria 
that cannot exist in the pre.sence of oxygen. 

Anaglyph (Seulj/.) Ornament worked in low relief. 
Sef- Has lliiiJBF. 

Anaglypta (ilec.) A relief decoration of hardened 
pulp*formed in iron moulds. It is of great dura¬ 
bility, and is made in a large number of artistic 
j)atterns for wall and ceiling decoration. 

Analcimef^lfm.) A cubic zeolite; occurs in druses in 
volcanic rooks. Cojiiposition: Al,fli 305 .Na,iSi 0 j. 2 n„ 0 ; 
silica = 54--I, alumina 23'.'}, soiia = 14‘1, water = 
8‘2 i)er cent. Found in many localities in Scotland, 
Riant s’ (,'auseway, Tyrol, Korway, Iceland, New 
Jersey, etc. 

Analysis, Chemical. Is the name given to the 
proces-ses emi/lojed in ascertSiining the constituents 
of any substance. The iuiiilysis is said to be 
QuAbitative when tins nature' only of the con¬ 
stituents is a.scertained, and QnASTlTATlVB when the 
amount of Ihe constituents is determined. 

Anastatic Process (Prinfitig, rir.) A method of 
faesimile reproduction from zinc plates, now super¬ 
seded by lithography. &'C Process Work. 

Anatase (Mhi.) An oxide of titanium, TiO,: titanic 
acid = S18, ferric oxide = 2 per cent, (but variable). 
Tetragonal. Brown to deep dull blue. Cornwall 
and North Wales, Dauphinf- in S.B. Franco. 

Anatdtny. The process and result of diascction of 
an oi'gJinised body. Artistic .anatomy comprises the 
knowledge of the structure and use of component 
Diirts .of the human figure, more particularly the 
bones and muscles. 

Ancaster Stone. Sre Buibdixo Stones. 

Anchor. A contiivanec for mooring a vessel in a 
river or open sea: generally represented in "art by 
the well Jknown shape, with or without a cable. If 
the cable is twisted round the nnehor, it is termed 
a foul anchor. The anchor is the. erahlcm of hope. 

Anchovy. JSngranlix etuvrassuthohis (family, Cht- 
pndrt-). A Medilcnanean fish of tlie Herring family 
used as a food. 

Ancon,' pi. Ancones {Arehitoct.') A console 
Qtj.v,), particularly when used to support the .small 
cornice over a doorway. 

Andalusite (.ITia.) A rock-forming silicate which 
re.sults'from the thermo-mctaniorp.iisin of rocks of 
argillaceous composition. It is chiefly allied to 
tojmz, and is one of the trimoijihons forms of 
crystallised silicate of alumina, whose other two 
are Cyanite and SlLLtMiNiTE. One of its varieties 
is known'HS CHiAftToLFTB, The composition of 
andaludte is Al/), = (53, SiOj = 37. Crystallwation, 
orthorhombic ' 

Andante {Miuic). “ Ooing ” at a moderate pace. 


•-Andaatilno'(AftMio),' A diminutive of 
going gently. . • ' 

AndMine (Hfia.) A rook-forming t&licath which 
constitutes one of the lime soda fdspars. It iri^tated 
to be the predominating felspar in some of the lava 
flows of the Andes, whence the name. It te regardeif 
as a mixture in about equal proportion or the soda, 
felspar albite, and the lime, soda anorthite. 

Andesite. A name applied to an eruptive rocA 
(usually a lava) which consists of aglassy orlithoidad 
ground muss, in which occur certain ferro-magneslan 
silicates, exclusive of olivine, and lime soda felspax 
(commonly labrailorite), in larger proportion to the 
ferro-magnesian constituents than is the case in 
basalts. The composition is sub-basic, and the 
rocks weather with a lighter coloured crust than 
the basalts and their allies. It is the 
commonest ty^ of lava amongst the /p. 

British volcanic rocks of older date fftP 

than the Terfe'ry period. fj 

Andirons (AroJio’ol.) When wood /' 

was the common I 

fuel, two iron (or I > 

other metal) sup- 
ports, movable, 
were placed on 

either ‘side of the _ «1 

open hearth. 

Agninst these the x^biiion ; Esen'sH, iSth Cfsturt. 
logs of wood 

loaucd. Sometimes only one was used, in fiont, to 
support the spit. 

Andvoeciuih ^Botany). The term applied to the 
series of stamens in a flower. 

Androsphinx (^Arehitect.') A carved figure having 
the body of a lion and the htjad of a man. See SPHINX 
and Kbio-Sphinx. 

Anelaoe, Aniace {Aroheeol,') A short sword or 
dagger, broad in the blade, sharpencsl both sides, and 
gradually narrowed from hilt to point. Seen on 
ci\il’an monuments of tliirteentli and fourteenth 
ceiilmies. Also termed Baselahd. 

Anemometer (Meieo.') An instrument intended 
for measuring the velocity of the wind. The 
ordinary form consists of four horizontal arras 
with hemispherical cups at the ends, the whole 
rotating on a vertical spindle, whose velocity is 
rettorded by mechanism. 

Anemophilous (JBofany). The term describing 
those plants that are pollinated by means of the wind. 

Aneroid (^Met.erol.') A portable form of barometer 
whiidi docs not involve the use of a long column of 
fl\iid, hence it is suitable for determining the altitudes 
of mountains, etc. See Barometer 

Angel Fish. Sguatina vulgari* (family, Sguatini- 
dtv). A curious llsh allied to the shtirks and rays, 
formerly used as a food. The skin is used for 
polishing wood and also to form a fine shagreen. 

Angelique. St-e Wood#. 

Angidspermas {Botany'), One of the two great 
divisions of the Phanerogamia (flowering plants). 
The angiosperms are divided into monocotyledones 
and dicotyledones. 

Angle. Tlie degree of inclination of two lines to 
each other. A right angle is produced when one 
line meets another in such a way that the angles on 
both side^ are equal. An acute angle is, one less 
than a right angle; ’an obtuse angle is one greater 
than a right' angle. A right angle may also bo 

. 2 
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defined as one sulTtended bj a quadrant, or one'quarter 
of a circle, whose centre is*at the apes (or point) 
at the angle. In trigoaoxnetty it is often necessary 
to deal with angles which are greater than two right 
angles (180®). Ihe defini* 

<tk>n of such angles is as 
follows: Let BO be a 
line which revolves about 

the point B, and origin* -- 

ally Coincided with the * 

line BA. As bo revolves it is said to detcribe the 
angle abo; thus in one revolution it will have de¬ 
scribed an angle of 3(50®, in two revolutions 720°, 
and so on. 


{Laee Mamifoo.) The inclination of the 
warp threads between the sley and the bars which 
^ves the threads sufficient bias to keep them on the 
toft or lower side of the hole or perforation through 
which they pass. 


Inflfi Bead, or Stuff Bead ( Curp.) A bead fixed to 
the external angle of a filastered wall to protect it. 
Modem practice is to run it in Keene’s cement (g.r. 
under aHirle Cbmemts). Also applied to a bead on 
an external angle in carpentry'. 

- {Plcust.) A bead run on the angle of a 

plastered wall. 


BeariniC (A%<^.) A plummer block (^.i'.). 
in which the joint between the cap and main pait of 
the block is at an angle with the ba'«e. Used when 
there is a thrust on the shaft which is not at right 
angles to the base of the block—in the crank 
shaft of an engine. 

An^le Block {Carp.) A triangular block glued in 
an angle to secure two pieces together. 


Angle of Contaet {Phyo.) »Ihe a^igto which the 
extreme edge of the surfoce of a fiuid makes with a 
solid'surface with which it is In contact. If the 
fluid can wet the surface (c.^.. water on perfectly 
clean glass), the angle of contact to'(I’. 

Angle of Deviation {Light). The angle between 
the directions of a ray before entering and after 
leaving a refracting medium—«.«. the angle through 
which the rny is turned or deviated by the medium. 

Angle ofl'lexape {Png.) (1) The angle through 
which one end uf a shaft turns relatively to the o^er 
end when the shaft is .subjected to ttwsiqn; (2) the 
angle through which any line in a body makes with 
its original direction wl^n the body is tubjected to 
torsion. ; 

Angle of Friction {Phys. and Eng.) The angle 
at wliicb a given piano surface must be inclined in 
order that a body may, when once set in motion, 
continue to slide upon it. In this case the force, 
acting on the body down the surface, equals the force 
of friction between the body and the plane.' The 
tangent of the angle equals the coefficient of friction 
between tlie body and the plane surface. 

Angle of Incidence {Light). The angle between 
a my and the normal to the surface on which it is 
falling. 

Angle of Inclination {Eng.) The angle which 
the thread of a screw makes with tlie axis. 

Angle of Lag (.Elect. Eng.) The diffiirence of 
phase {q.v.) between an alteraating electro-motive 
force and the cnricnt jmsluced by it. The current 
alw'ays lags behind the K.M.F., reaching its maximum 
some time after the highest value of the E.M.P. has 
been passed. See PowEB, Altebnatxng Cdkbent. 


Angle Board {Carp.) A board on which wood is 
held St order that it may l)e planed with a certain 
angle (other than 90° or 180°) between two faces. 

Ali^o Bracket {Eng.) A triangular frame of 
cast or wrought iron, used to stiffen tlie angles of .a 
stmetnze; in carpentry, a rough bracket fixed in tlic 
angle of a wall to support a comice. 

Angle, Critleal {Light). See Cbiticai. Angle. 

Angled (Aftr.) A partition line rarely used on 
an Bnglish shield. The lino is bent 
halfway and continued in a direction 
parallel to its original direction. 

Angle, Facial {Art). In tracing this 
the face is tamed sideways, facing to 
right or left; a line is drawn hori¬ 
zontally through tip of nose, and 
another from the same point to front 
of forehead. The angle between these Asclbo (jffi .) 
two lines is termed the facial angle. In antique 
statues the facial angle is generally about 90°. 

Angle Iron {Eng.y A bar of wrought iron whose 
cross section has the form of the lette*. L- The 
angle to commonly, but not always, a right angle. 

Angle Advance {Eng.) The angle letween 
the centre line of an eccentric sheave and the line 
which to at right angles to the crank. Tt oause.s 
the “ lead ” or opening, of the port before the com¬ 
pletion of the stroke of the piston. 

Angle ttf Contact {Eng.) (l) With toothed 
wheels, the angle through which the wheel turns 
while two g^ven teeth are in contact; (2) with belts, 
the atmle subtended at the centre of a pulley by the 
part of the circumference in contact with the belt. 


Angle of Minimum Deviation {Light). The 
smallest angle through which a ray can be bent,by a 
given prism. This minimum deviation is obtained 
when the entering and emerging rays make the same 
angle with the two faces bf the prism. 

Angle of Polarisation (Lioht). The angle at 
which a ray mu.-t be incident on a surface in order 
that the reflected ray may be polarised as cdmpletely 
as possible. See roLAniSATJON. 

Angle of Beflection ( Light). The angle Itetween 
j the reflected ray and the normal to the reflecting 
I surface. 

Angle of Reft’action {Light). The angle between 
1 a ray after entering a refractive medium and the 
i normal to the surface of the medium. 

Angle of Relief {Eng.) The angle between the 
back edge of a tool and the material it is cutting. 
This angle prevents unneces.sary friction between 
the tool and the material. It is greatest for .soft 
mab-rials, l)cing between 20° and 3(F for soft Wf)Ocl, 
down to 3° or 4° for liard metal. 

Angle Plate (Eng.) A metal brai'ket, commonly 
rigid angled, for fixing work while being operated 
upon by machine tools. 

^glesite {Min.) Native sulphate of lead, 
PbciO.,: oxide of lead = 73'C, sulplturio acid s= 26'4 
per cent. Ir crvatallises in forma of the rhombic 
system isouiorphous with barj’tca, celestine, and 
anhydrite. It is named after Anglesea, where it was 
first found. It occasionally occurs massiv'e. It to 
an oxidation product of galena. When in sufflciqnt 
quantity, it is a valuable ore of lead. Anglesea, 
Cornwall, Cumberland, Dumfriesshire, Prussia, Kiberia, 
Au.stralia, United Ktates. 
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Atljla Ii« {€aiy.) A piece of timber conitectiiig 
the wait plates across the angle of a buildpig to 
reoeiTe the thrust of the hip rafter. ' 

Anglo-Saxoii ArbfaiteotuFe. The name given to 
the architecture of England subsequent to the de¬ 
parture of the Bomaiis, 449 A.D., and terminating 
■with the Norman Conquest, 106(5 a.0. The princitjal 
features of the work of this period are the belfry 
windows with baluster shafts, “long and short” 
work, triangular-headed openings, ana’^^ilaster and 
diagonal strips of worked stone in the rabble walls. 
See Balu^tek, “Long and Shobt” Wobk, and 
Bohaxesque. 

Angora dbat« Caj^ra Iditeus (family, Timidee), A 
variety of goat found in Asia Minor. It isValned on 
account of its hair, used in the manufacture of cloth. 

AnAulap Aooeleration {PhyHce, etc.) The rate 
of increase oi angtilar velocity (q.v.) 

Angolar Capital. That form of Ionic capital in 
whiah a volute is placed under each angle of the 
abacus, and all the four faces are alike. ^ ABCHI- 
tectube, Obdeb» op. 

Angular Diameter (Astrom.) The angle sub- 
teuiled by the diameter of a heavenly body at the 
observers eye. 

Angular Displacement. The angle through which 
any given body has been turned. 

Angular Distance of Stars (AstroTi.') The angle 
subtended at the observer by the arc of a ciifle drawn 
from one star to the other, acid having its centre at 
the observer. 


Angular Measurement. In ordinary cases this is 
in degrees {q.v.); in certain others it is given in 
circular measure (q.v."), which is better adapted to 
many mathematical calculations. 

Angular Thread {Eny.') A screw thread whose 
section is triangular; tue form most commonly used 
in ordinary screws. 

Angular Velocity {Phyglcs, etc.) The number of 
units of angular measurement through which an 
object turns in unit time. Thus, if a wheel make 
n revoliuions ]ier second, the angular velocity is 
i560« degrees per second, or 2rw radians per second. 

Anhydride. The compound resulting when water 
is withdrawn from an acid. Thus, when nitric acid 
is distilled with phosphorus pentoside, the latter 
withdraws water, and nitric anhydride results. 


NOjOH n * H O 

no!oh = no!> o + 


Anhydrite {Mm.) An anhydrous sulphate of 
calcium, CaSO^, CaO=:4]'2, H.AiO, = 68'8 per cent,, 
occurring in grey or white granular masses, some¬ 
times in rhombic crystals. It is often found in 
association with gypsum, from which it is distin¬ 
guished by its superior hardness, not scratched by 
the nail. Widely distributed. 


Anhydrous. Without water; e.g. anhydrous ether 
means ether which has been fretsd from any svater 
it might have contained. 

Aniline, C„HjNHj,. A pale yellow liquid which 
turns red on keeping; boils at 188°; has a character¬ 
istic smell. It is a base. Slightly soluble iu water. 
Prepared from nitrobenzene {q.v.) by reduction with 
tin (small scale), iron (on large scale), and hydro- 
cliloric acid; the product is made alkaline and 
distilled in steam. It gives a violet colour with 
bleaching powder solution, and a blue with potas¬ 
sium diciiromate and sulphuric add. It is used in 


preparing a kfge number of important dyes, hence 
the name aniline dyes.” iShe BooANlDiriiBl, ttdeo 
IhrBS AND Dybing. 

Aniline Dyes. See Dtbb and Dteing. 

Animal Charoosl. The product formii^ by dim - 
tilling bones in absence or air. It only contains 
about 10 per cent, of carbon, the rest being calcium 
phosphate (80 per cent.), calcium carbonate, and 
other substances. Its most important jnoperty is 
its power of taking up colouring matter. In'the 
sugar manufacture it is used to decolorise the syrup. 

Animal Charcoal in Filters. Formerly considered 
an excellent medium for the filtration of water. 
Besearcb has proved, however, that its use is ac> 
companied with danger. To be efficient in their 
work, filters should sterilise the water—that is, they 
should free the w'ater from all path(^enic organisms. 
Animal charcoal does not effect this; moreover, it 
adds to the water certain substances, phosphates and 
nitrates, which favour the growth and development 
of organisms. Its use should be discontinued in 
favour of the Pasteur-Chamberland or Berkefeld 
filter. 

Animal OiU. See Oils. 

Animal Refiue. See Waste Pbodvctb. 

Animals, Hybrid (Myth.) A compound animal 
made up from two or more species— e.g. a Centadb 
('/•’■•) 

Animation (Art). The touch of vivid life which a 
clever artist imparts to his pictures. 

A^wdo Animated. 

Anime. A resin which exudesdrom a tree, called 
in the W est Indies Loevst Tree. It produces a fine 
varnish. 

Anion (Elect.) A free atom, or group of atoms, 
in a solution, which travels towards the anode (q.v.) 
when the solution is subject to electrolysis. Thus, in 
a solution of a metallic salt, the group of elements 
left when the metallic element is taken away is tlie 
anion; e.g. in a solution of copper sulphate the anion 
is SO,. 

Anise. Pivipinrlla animm (order, Umhelliferte). 
The dried fruits form the ani^eed ased in pharmacy 
and as a ilavouring agent. Oil of anise is distilled 
from the fruit. 

Ankle Action (CyclcB). The use of the ankle joint 
so tlrat the foot acts on the pedal during a greater 
part of the downstroke, the pedal being, as it were, 

“ clawed ’’ round. 

Anklet (Archteol.) An ankle ring of precious 
metal worn iis an ornament by ancient races and by 
females of some Eastern races of tbe present day. 

Annabergite (Min.) A hydrous arseniate of 
nickel, Ni,As.jOg . 8Hj,0. Monoclinic; occurring in 
capillary jcrystals, or as a pulverulent coating of 
Kupferniekel, from wliicb it arises by decomposition ; 
also colouring Kaolin in the proximity of nickel 
\eins, Cornwall, Kirkondbrightshire, Linlithgow¬ 
shire, Annaberg in S-axony, the Harz, Thuringia, 
Sweden, etc. 

Annatto. Bij-aorellana(oT({eT.ETxaoeee). Annatto, 
or arnotto, is an orange dye obtained from the testa 
of the seed by soaking in water. It is used in var¬ 
nishes, silk dyeing, colouring cheese and batter, etc. 

finnaaHng . Tire process of strengthening a 
material by allowing it to cool slowly after boating. 
Motah), after much hammering or repeated shocl^. 
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become brittle, and their toughnegs'can generally be 
restored by annealing. Similarly glass, after being 
worked in a hot state, is very brittle, and requires 
annealing. 

, Jbmodated (jCTer.) Curved in the form of the 
letter $• 

AHnnal Equation (^Attron.y Fluctuations in the 
motion of the sun between perigee and apogee (S-v.') 

Iniinal Rin^ (Botany). The circular marks seen 
in the cross section of a tree trunk, which show the 
amount of wood formed yearly, and also, therefore, 
the age of the tree. 

Annular. Bing shaped. 

Annular Qeudn^ Tooth wheels, one of 

which has teeth on the inner side of the rim. 

Awwnlap Yault (Building). A vault having its 
abutments cinmlar on plan. 

Annnlated, Annuly (Her.) A charge with an 
annulet or ring at each end. 

Annulet (Architect.) A small fillet, the horizontal 
section of which is circular. There are usually from 
three to five annulets under the echinus or ovolo of a 
Doric capital. See DoBic and Column, 

- (Building). A ring or fillet round a column. 

- (Her.) A plain ring which occurs as a 

charge, or on the shimd of the fifth son as a mark of 
difference. 

Anode (Elect.) The conductor or electrode by 
which a current enters a liquid. 

* Anomalistic Tear (Astron.) The period of the 
revolution of the sun from perigee to perigee again. 

Anopthio (Min.) One of the crystallographic 
systems (q.c.) in which there are three axes, all 
unequal and ^ inclined to one another at the origin 
at an angle other than a right angle Also called 
the Triclinic system. It has no plane of symmetry. 

Anorthite (Min.) A somewhat rare rock-forming 
silicate, constituting a lime felspar. Tlie chief mode 
of occurrence is that of one of the constituents (along 
withal bite) of the intermediate types of theriagioclasc 
felspars. It occasionally oticurs as a separ.ate mineral, 
most generally in connection with the blocks of meta¬ 
morphosed limestone formerly ejected from Vesuvius, 
and now to be obtained on Monte Somma. 

Answer (Mime). The response to the subject of a 
fugue. 

Anta, /’I. Ante (Architect.) A pilaster used in 
Greek and Boman ai'cbitecture as a finish to the side 
wall of a temple when it projected beyond the end 
wall. The capital and base of a Greek anta were 
always different from those of the columns used in 
conjunction with it. A temple is said to be “ Ik 
Antis” when its porch is formed by the projection of 
the side walls with two or more columns between 
them. This differs from a “ Pbostylb,’’ temple, as in 
the latter the columns are placed in front of the 
antao. See CELL, Amphiantis, AMPHirKOSTYLU, 
Peosttlb, and Distyle. 

Antarctic Circle (Aetren.) See Arctic Cibole. 

Anteflxs (Architect.) Ornamental blocks, either 
of marble or terra-cotta, fbced along the eaves of a 
Greek building to cover the joints of the tiles. 

Antependium (Bee.) Literally, anything hanging 
before the altar, now termed the frontal; generally 
an embroidered cloth. 


Anthemion {Architect:) The honeysackid orna¬ 
ment as used in Greek architecture, principally as 
an enrichment on a cyma-recta (q.v.) 

Anthracene. Obtained from that part of coa 
tar which distils 
above 270°—“ anthrax 
cene oU”—by a pro¬ 
cess too elaborate to 
be given here. It 
can be obtained syn¬ 
thetically— e.g. from 
benzene, acetj'lenc 
tetrabroinide,C.U,Br,, 
and aluminium chlo¬ 
ride. It is a wliite 
crystalline solid, showing a blue tliiorescence; melts 
at 213°. It is the parent substance of a large 
number of important dyes (nee ANTHBAQUiNONEffiTwi! 
Alizarin). See also Gas Manukactube. and. Dyes 
AN u Dyeing. 
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Anthracite. Hard coal, very rich in caiiKjn, 
burning with an intense licui and little smoke; 
much used in steamships. Sec also Coal. 
Anthranilic Acid (O-amUlohcnsoic acid). 


Call. < 


coon 

Nil.. 


( 1 : 11 ). 


A white orystallitie solid which melts at Ha®; sweet 
tiiste. Obtained from indigo by the action of Cfva-tic 
potash. Used in the synthesi.' of acritlini' and quino¬ 
line deri\atives. and now esjici.ially in the j)repara- 
tion of pure artificial indigo, for whicli purjjose it 
obtsiined cheaply from iiaphthalene (q.v.) See also 
Phthalic Acid and IxDicio. 


Anthrapurpurin. Sec Dyes and DYruxo. 

Anthraquinone Cry>ialli.ses in mellow needles 
wiiich melt at 2a5°; it 
is produced by oxidising 
anthracene with cliro- 
mic aciti. Anthracene 
is formed from it by 
heating with zinc dust 
and ammonia. When 
anthracene is heated HC\ 
with fuming sulphuric 
acid, it gives /S-anthm- 
quinone .sulphonic acid 
—that is, the group SChOll rejilaccs the Hat (8 in the 
above formula. See ALiz.rUiN. 
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Anthropomorphism (Myth.) The representation 
of a g<>d in the form of a man or woman. 

Antichlor (f'hem.) A substance used for removing 
the last traces of chlorine from materials which have 
been bleached by its means. The sotiiiim sulphites 
an<l .sodium thiosuljihate are used as antichlors. 

Anticlinal ( tteol.) The sedimentary rocks com- 
po.sing the earth’s crust have usually hccn'depo.'itcd 
in horizontal layers piled one upon another. In some 
cases these have been left undisturbeil, but in others 
the pile has been subjected to lateral thrusts which 
have bent the rocks into folds. It is convenient to 
distinguish tlie.se as downfolds or synclinals, and 
upfol^s or anticlinals 

Anticyclone (Meteor.) An area of high atmo¬ 
spheric. pressure—one over which tlie barometer 
is high. Bound this area the winds, observed from 
above, appear to be blowing in a clockwise 
direction. 


Antifebrin. Sc^e Acetanilide. 

Anti-Fouling CompoBitions. Substances used to 
prevent marine growths on the bottoms of ships. 
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They are very Qumerous; one is composed of zinc 
dust and merouric oxide made into a paint.— H annay. 

Anti«Frictioii Bearings iEng.) The bearing or 
support of an axle in which friction is diminished by 
allowingtheaxle to rest on wheels,'rol]er8, or spherical 
balls which can revolve. The ball bearings of cycles 
are a common example. Sec Cycles. 

AntUInerastatoPS Substances used to 

prevent the formation of scale in boilers. Parafila ' 
oil, peat, potatoes, and many other substances serve 
the purpose. 

Antimonite {Mm.) A synonym for Syibnite {q.v.) 

Antimongr. This elemci^ occurs native as a tin 
white to dark grey lamellatea or mamtnillated mineral; 
very brittle. It occurs in combination in Stibnite, 
Jamesonite, Boumonite, Kennesite, Valentiuite, 
Senarroontite, etc. {q.v.) ft occurs native at 
Allemont in France, in the Ilarz, in Bohemia, 
Sweden, Borneo, Canada, Xcw York, etc. It is a 
m<‘tal of atomic weight 12i), ciystalliue, brittle, 
easily oxidised; unacted on by hydrochloric acid. 
Hot strong sulphuric acid forms the sulphate 
Sb./S(),), and .>>ulphur dioxide; nitric acid fonn.s the 
pehtoxide KU.Os- The metal is obtained by heating 
the naturally occurring sulphide (stibnite) with iron 
find reliriing the product. It is used in making a 
number of alloys -e.g. tjpe metal lead, 70; .antimony, 
IS; tin, ID; copper, 2. 

Antimony Compounds. Oxcdii:;}, SbgO„ Sb^O,, 
SUjO,. Tlie trioxuie best prejrared b> adding 

wator to solution of tlie tricldoiidc and throiigb 
wa'hing of the precipitate of oxychloride, is used 
in making tartar emetic. Sb.p^ is formed when 
cither of the other oxides is heated in air. Sb^Os {nee 
\KTI.\10NY). 'I'KlCHLoniDK, SbL'l,, formed by heat¬ 
ing the sulphide with strong hydrochloric acid and 
cvafioraiing to dryness, is a soft solid known as 
“butter of antimony”; mixed with olive oil, it is 
nst'd in “bronzing" luticles such as gun barrels. 
PEXTACiiLoitiDE, SbCl,. a b<]ui(.! obtained by action 
of chlorine on autimonr, sen es jis a chlorine carrier. 
Huli-hide, Hb.jyj,; the natural variety is black and 
cnstiilWuc ; the artificial variety, formed by jiassing 
sulphuretted liydrogen into solution ot tlie chloride, 
i.s orange and amorpliou?.; .soluble in hot strong 
hydrochloric acid, forming the trichloride and 
sulphuretted hydrogen; sob ble in alkalis and 
alkaline sulphides. Used in making safety matches | 
and in jiyrotechny. | 

Antimony Glance (^1/m.) A synonym for iS'riBXiTK I 
{q.v.) i 


Antiplastic {Pot.) Anything added to paste— i.e. 
prcpareii clay—to reduce its plasticity. 

Anti-Priioing Pipe (A’wy.) A pipe which collects 
the steam from the top of a boiler and conveys it to 
the engine. It has a closed end, which is pierced with 
small holes; the object is to pre\ ent line spray (drops 
of water) from being carried over into the cylinder. 

Antipyrlne. Forms shining leaflets, soluble in 
water and alcohol; melts 

H,C-N- 

^ t A 


at 114°; a monacid base. 

Formed by heating the 
product of the reaction 
between ethylacetoai.-e- 
tate (q.v.) and phenylhj^- 
draziue {q.v.) with methyl 
iodide. tJsediu medii'ine U (J-P * 
a.s an antipyretic (lower- 
ing the temperature) ; it 
depresses the heart. 
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AntiqoalUe {Preneh). Contemptuous term for 
antiquities of littile importance. 

Antiquarian. The name given to drawing-paper 
of size 53 x 51 in. 

Antiquary. One who is devoted to archaeology 
{q.v.), now generally termed an archeologist. Ateo 
applied to a dealer in curiosities. 

Antique. In art, applied to ancient Greek and 
Roman works of art, especially those of the best and 
purest style. A course of drawing from the antique 
generally precedes drawing from* the living model. 
A dealer in antiques is one who sells smallei relics 
of antiquity, a.s gems, etc. 

-( Tgpog.) Type in wliich all the lines of the 

face are of uniform thicknes.s. 

Antiquities. Remains or relics of ancient times, 
including monuments, arms, ornaments, customs, etc. 

Antiseptics. Substances which prevent or arrest 
putrefaction by stopping the growth or destroying 
the organisms which induce it. Some of the most 
important aie: mercuric chloride (1 in 1,000), 
carbolic acid, iodoform, chlorine, hypoohlorons acid, 
boric acid, creosote, formaldehyde, etc. Antiseptics 
are frequently added to foods and to many organic 
materials used in the arts, e.g. size, for preventing 
mildew. 

Anti-Syphonage Pipe {Plumh.) A pipe fixed to 
the top of trails to prevent the water .'■eal (jf.v.) being 
sucked out. 

Anvil. The heavy block of wrought iron faced 
with hard steel on which metal work is hammered. 
Anvils range from the size used by watchmakera 
up to the huge masses, built up of many pieces, 
which form the support for forgings under tlie steam 
liamrner. The name is also applied to parts of 
\arious machines. 

Anvil Cutter or Chisel {Eng.) A short chisel, 
fixed by a shank into a hole in the anvil, across 
which a bar imn be laid and cut by blows on the 
upper surface. 

Aorta {Biologtj). The main arterial trunk given 
off from the heart. 

A.P. {Typog.) These letters stand for “author’s 
proof." 

Apatite {Min.) A phosphate and chloride of 
calcium ocourriiig in various shades of grey, green, 
and blue, granular or crystallised in hexagonal 
pri.sms. Composition : 3(CajP._.0(,) . CaCl^ .; lime = 
48’43, pbosphorio acid *=40*92, calcium chloride = 
10*65 per cent. 1 n some varieties fluorine replaces the 
chlorine. From Spain, Cornwall, Cumberland, United 
Slates, etc. Copboltte is an impure variety of 
organic origin* 

Aperture {Photo.) The area of the “ stop ” or 
opening through which the beam of light produced 
by the lens must pass. Decreasing the aperture 
dioiinishes the amount of light falling on the plate, 
and increases the time of exposure necessary, but it 
makes the image more sharp. 

Apex. (1) The point or corner of a geometrical 
figure; (2) the summit of an object; (3) in mining, 
the part of a mineral vein which is nearest to the 
•surface of the ground. 

Apex Stone {Buildhtg). The atone at the top of 
a gable. 
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Aphelion (Attron.) The position of the earth 
when farthest from the sun— t.e. when the sun is 
at apogee. This oocnrs on the lat of July. When 
the earth is nearest to the sun it is said to be in 
Fbkhblion, and the sun is said to be in Pebigeb. 
The diameter of the earth’s orbit drawn between 
these two positions is termed the Afbe Lis^b. 

Jl Plaoere At pleasure. 

ApUte or Hapllte (^Oeol.) A term uow applied 
to a rock of eruptive origin which has been formed 
at a late period in the consolidation of an eruptive 
mass, usually one of plutonic origin. It represents 
the products of the magma, which were the last to 
consolidate, and which have filled cracks or other 
divisional planes in the cooling and contracting 
mMs. Its constituents, in all cases, are of more 
acid composition than the mass in which it occurs. 
As examples, granite apiite, syenite aplite, diorite 
aplite, galbro aplite, etc. 

Aplome (J/ia.) An iron calcium orthosilipat^,' 
one of .the Garnet group. It is cubic, of deep browi^ 
yellowish, or yellow green colour; hardness more 
than 7. Localities are the River Lena in Siberia,.^ 
Ala in Piedmont, and Schwarzenberg in Saxony. * 

Aplustre* The stern Greek and Roman galleys 
was continued upwanls and shaped 
into an ornament so called. Used 
as an emblem of victory. 

A Poco a Poco {Mtmc). By 
degrees. 

Apogee (^Agtron.) The position of 
the sun, relative to the earth, when 
the distance between them has its 
greatest value. Sec alto Apsb. 

ApoUinaPis Water. An alkaline 
spring water containing a largo 
amount of sodium bicarbv>nAte and 
smaller amounts of sodium chloride, 
pota.‘<Biam sulphate, and the bicarbonates of mag¬ 
nesium, calcium, and iron ; it also contains dissolved 
carbonic acid. 

Apollo. In Greek and Roman mythology the son 
of Zeus (Jupiter) and Leto (Latona). Apoi.lo Bel- 
TIDEBE, a statue of Apollo in the Belvidere Gallery at 
the Vatican, esteemed one of the finest representa¬ 
tions of the human figure extant. 

Apophyge (^ArchUeet.) That part of a column 
between the «cylindrical part of the shaft and the 
fillet of the base or of the necking. It is nsually a 
cavetto, and is also known as the Oosge. &e 
OOLVMK. 

ApophylUte (Min.y A tetragonal zeolite, colour¬ 
less to greyish, often transparent. Composition: 
Kfi . 8CaO. IGSiO*. 16HjO: silica = 56-5,, lime = 23, 
potash 4*8, water =■ I6'7 per cent. It often occurs 
in volcanic rocks with stilbite and other zeolites. 
Xear Edinburgh, Taliskn, 01<f Kilpatrick, Raith, in 
India at the Boorghat railway cutting, Greenland, 
Iceland, Norway, and Sweden. 

Apostrophe {Typog^ The sign which marks the 
amission of a letter or letter*; thus, ne'er tor never; 
ea/n't for eawnat. In modern English it also indicates 
the possessive (genitive) case, s,y. the doy’shat. 

Awtiieoris. Elevation of a, mortal to divine rank. 
In t£e <»we of Roman emperors tois was effected by 
burning an effigy of the deceased; and as the fire 



asoended, an eagle was let loose, which was supposed 
to bear the soul aloft. There are in existence nume- 
roBS representations of the ceremony in the torn of 
medlUs, etc. 

Appareli ( Oott.) Mchly embroidered cloth sewn 
on to the wrists of the alb and on the front and back 
of the lower edge; also on the amice. By some these 
five were considered to represent the five wounds of 
Christ. See Alb ; Amice. 

Appaulonata (Mutie), Impassioned. 

Appanmee (/Tien) The open hand with pahn 
exposed to view. 

Appearing (Typoy.) A term used to«express the 
lenph of the printed matter on a page, exclusive of 
whiteline. 

Apple (Botany), ^unvt malus (order, Rotaee.te'). 
The Well known fruit. In addition to its use for 
eating purposes, cider is made extensively from it in 
the west of England, Normandy, etc. In mythology, 
the (Joldeu Apple, Apple of lligcord, and other idieta* 
phorical references to the apple occur. 

Apple Wood. See Woods. * 

Applique. Ornament lai 1 on or let into material; 
used of mutal, wood, or textile fabrics. 

Appofigiatura (Mntic). A leaning note. In per- 
Lirniance it takes its value from the principal note 
which it adorns - r/r. one half—unless the principal 
note i.s'dotted, when it takes two-tlfirds of the value. 

Approximation. A result or “answer'’ of some 
calculation or nuiasurernent which, though not actually 
correct, is near enough for the purpose required. 
Of great value in checking the correctnesr. of a 
calculation. 

Apricot. Prunut ar/neniuca (order, lltmcete). 
The tree is cultivated for its fruit. Tiie liqueur Jiim 
de uoyeavx is tlistilled from the seeds. 

Apron (^Carj).) A flat lining or covering used to 
}irotect jiarts of the structure underneath, especially 
the inside woodwork under a wjielow, 

- (.Pay.) The verlical iront p.art of a screw¬ 
cutting slide rest; also applied to other machfae tools. 

- (Poper Manufac.) A flexible rubber cloth 

Used for guiding the pulp on to the machine wire. 

- (Plimh.) The horizontal flashing (q.v.) of a 

dormer, etc. 


Apse (Aechiteet.) A 
building, semicircular or 
larly applied to sucli a 
projection forming a 
termination to the choir, 
aisle, transept, or nave of 
a church. BASILICA. 

- (Attrim.') The 

points on the sun’s orbit 
at which it is either 
nearest to the earth 
(perigee) or farthest 
away (apogee). The line 
joining the two apses is 
called the Apse Line. 

Apse Line (Attron.) 
See Apse (Attron.) 

A Ponte d'Apco 

(Mnsic). With the 
point of the bow. 


projecting • portion of a 
polygonal in plan; pdrtiou- 



Apse, Romsey Chubch, Uamtc. 


Aqom HanaliB. The basin or dish in which tho 
priest waslies his fingers at celebration. 
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JLqVA FortU. W«ak nitric acid used etchers. 
The nhme was once unWersall; used by ch^mitte for. 
nitric acid, whether dilate or not. . . 

Aquamarine (if in.") The pale blue green variety 
uf Bbb7i< (g.v ) Aquamarine is cut as a gem. 

Aqua Regia. A mixture of 3 volumes of hydro- 
ciiloric acid and 1. volume of nitric acid. The miidnre 
gives off chlorine and another gas called nitrosyl 
chloride, thus; HNO, + SHCi = 2n^O + NOCl + Cl*. 
Called aqua regia by the alchemists because of its 
power of dissolving gold; the solution of the gold 
is effected by the chlorine which forms chloride of 
gold, a substance very soluble In water. 

Aqnurellff (Paint.') A Anting executed with 
Ciiinese ink and very thin water colours. 

Aqoatint. See Ehobavimo and ErrcHlNO. 

Aqueduct. A conduit for convcyihg water from 
one place to another, extensively used by the Komans. 
Id any of them still remain on the Continent, such as 
thatjat Segovia in Spain. The Clandian aqueduct, 
built A.D. 50, can still be traced. Ancient aqueducts 
were open at the top, and were built, at a uniform 
gradient or slope, lienee they were carried over 
valleys on hifty arches. 

Aqueous Rocks. Rocks wliich have been formed 
by the direct action of water, as distiiiguisbed from 
rocks due to volcanic action, to the action of ice, 
to that of the wind, nr to plutonic causes. 

Arabesque. Orn.'iment consisting of foliage, fanci¬ 
ful figures, flowers, fruit, etc., formed into scrollwork 
in flowing lines, either painted, inlaiii, or e.xecated 
in low relief. In Moorish 
arabesque or itoreeque 
no animated life is de¬ 
picted, being prohibited 
by their religion; but 
in tlte Renaissance work 
ti)e human figure (or 
portions of the liuman 
figure), as well as animals, 
areintrodaoed. Rai>hael’s 
Bral)esqae8 on the log¬ 
gia of fhe Vatican are 
notable examples of the 
with ornament 
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Arabinose, CH^OH . OHOH. CHOH . ("HOH. CHO. 
A sugar obtained by treating gum arable or cheri'r 
tree gum with dilute sulphuric acid. It is crystalline, 
melts git 160P, and is dextrorotatory ; not fermented 
by yeast. In other respects its reactions are like 
those of a sugar. 

Ansostyle (Areintect.) The name given to the 
spacing of columns in a Grecian temple when the 
space between the columns is equal to three and a 
half tiroes the lower diameter of the shaft. See 
PTONOSTYIE, SYSTTIiD, Eustylb, Diastylb, and 
iNTBUOOliU MMX ATION. 


Aragonite (Mitt.) Calcinm carbonate in the 
rhombic form (see Calcite). Occurs in crystals, often 
twinned, and in fibrous and massive forms. Colour, 
when pure, white, but often coloured grey or green. 
Distinguished from calcite by its superior hardness 
and lack of cleavi^. Composition: lime sx.'ifi, carbonic 
acid =.<44 per cent. Occurs often in assomation with 
iron ores, also in vapour cavities in lavas. 

Arbaleot, Arbaliat, Arblast; aho ArcobaliBt. 

From the Latin arcut, bow, and halligta, an engine 
for I throwing. A crossbow, especially those with 
mechanism for drawing the bowstring. 


Arbor. The qylindriofl axis of yariooa parts of a 
timepiece — as BaBbbl Abbob, ABSfipB, 

Cbbtbs Abbob, etc. 

Arbroath Flags. The grey micaceous flags iridrix 
underlie the volcanic rocks of the BidlaW Rills, and 
which form part of the lower divirion of Cale¬ 
donian (or *• Lower "> Old Red Sandstone. They «o 
lat^eiy- qnarried for paving stones as well as for 
bnilding purposea It is mriinly in this so^dtririon. 
of the Scottish rocks of Devonian age that the 
remains of Pterygotns and of other tWed Burypterids 
have been found. Its relations to the roow next 
beneath are not seen. 

Arc. A part of the cirenmferenoe of a circle; 
more generally a part of any curve. 

Arcade (Architect.) A series of arches springing 
from pillars or oolnmns, and used either for stnetnnS 
purposes or as a decorative treatment of a waU 
surface. 
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V Arch. A curved structure built of separate blocks 
eanying the weight of a portion of a building over 
sri open space. It therefore serves the same purpose 
a-s a beam (q.v.), but it does not require the use of 
one large piece of matorial the full width of the 
opening or span, and is consequently adapted to 
pure masonry work. The terms used with respect 
to arches will be readily 
understood by a re¬ 
ference to figure, which 
sliows an elevation of 
one of the simplest 
forms, the semicircular 
arch. The line ab is 
termed the SPBIXOINO 
Line, and its length the 
Spas. Tiie point c is 
ttie Cbown or Vebtex, and the height CD is the Ribb. 
The inner curved line ACB is the Ibtbados, the ontcr 
curved line the Extbados. The separate rionesv, V 
are the VocssoiBS, the central stone K being termed 
the Keystosb, and the lowest ones at A and B tlie 
" Spkisgkbs.” The masonry which supports the arch 
on tho two sides has various names; when it consists 
of vertical columns, the latter are called Fiebs ; if 
they have to resist an oblique thrust, as in most 
Iniiigea, they arc usually termed Abutmbnis ; if the 
arch rests on simple vertical walls, they are termed 
Beabing Walls. The two halves AO and bc are 
termed the Flanks or Haunchbs. Besides being 
made in tho form of an arc of a circle, arches are 
also built to various curves, such ats the ellipse, 
parabola, hyi>erbola, and catenary; and they are 
also made with a pointed top for decorative purposes 
where great strength is not necessary. Among the 
latter are the Horseshoe Arch (Arabian work), Pointed 
(Middle Ages), Lancet (Gothic and Early English), 
Equilateral (Decorated), Ogee (Later Decorated), 
Segmental and Tudor (Debased (Jothic). From the 
constructional point of view, arches are also classified 
as Plain, when made gi unaltered bricks; Gauged, 
when the bricks are acSnrately out or rubbed to form 
the voussoirs ; Axed or Bough Abches, when riie 
bricks are roughly cut to tlie shape required. A 
Skew Aboh is one which crosses a ro^ etc., at 
an angle : its plan is a rhombus or rhomboid, and 
the abutments must be cut stepwise to take the 
oblique thrust. 


ArohaBan Roeke (Geel.) A term usually applied 
to the whole of the vast assemblage of rocks which 
are older than those of Cambrian age. It includes 
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tbe JiewLsian gneias and the ancient sediments 
associated with that complex mass. It probably 
includes also the greater part of the metamorphic 
schists which form the Sottish Hie;hlands. The 
itxohaean rocks of Britain are too varied in character 
to be adequately described in a short paragraph. 
The chief common characteristic lies in the fact that 
most of their structures are due to dynamic causes. 

Archsology. The systematic study of all that 
appertains to past times, especially the rcmaius and 
monuments of the prehistoric period. 

Archaic. Fertaining to archaism. 

Aroh^am. An imitation of what old or obso¬ 
lete, consequently out of character with its modern 
surroundings. 

Archimedean Drill A small drill whose 

stock ^consists of a coarse screw thread, carr.ving 
a nut. By sliding the nut up and down, an alter¬ 
nating rotary motion is given to the drill. The drill 
must therefore be specially ground. 

Archimedes’ Principle (.Phynrt). A solid im¬ 
mersed in a fluid expenenees an upward force <-qual 
to the wdght of the fluid disi>laced; the solid there¬ 
fore appears to lose weight to an amount exacth 
equal to the weight of its own volnitic of the fluid. 

Architectural Work in Photography. A lens 
is used which gives all lines us straight as po'-sihlo; 
this requires some form of *• double! ” lens (y.r.) 

Architecture. The art of designing and construct¬ 
ing useful and beautiful buildings. It is generally 
divided into Civil (dealing with houses, bridges, 
and other buildings of ordinary utility), Eccle.sias- 
TICAL (churches). Naval (.ships), JlinT.vitv (forti¬ 
fications). 

Architecture, Orders of. An arci.iiucturul com¬ 
position consisting of a column, with or wiilumt 
a pedestal, and with an entablature, is known as 
an order. Each of these three divi.sions of an order 
is again divided into three parts : the pedestal, con¬ 
sisting of a base, a die or dado, and a comice or 
surbasc; tlie column, of a base (excepting in the ca.se 
of the Greek Doric), shaft, and capital ; and the 
entablature, of an architrave, frieze, and cornice. 
There are three Grecian orders; tlie Dori'. the Ionic, 
and the Corinthian. The Homans used these orders 
with various modifications, and tdso two varieties of 
the Doric and Corinthian, known as Tuscan and 
Composite respectively. Pedestals were introduced 
by the Homans with the object of increa.sing the total 
height of tbaiorder without altering tlie other dimen¬ 
sions (see GKEEK ABOniTECTUnE, Ho.\iak Abchitkc- 
TUHE.irrnf Pedestal).—The Dokic Ohdbk (sveillut- 
tratitm under DoEic) is the earliest and mo.st severe 
of tlie orders used by the Greeks. The chief buildings 
in. which it is used are the Temple of Corintli 
(B.C. 650), the Temple of Theseus at Athens (n.c. 
4C5), the Parthenon at Athens (B.c. 438), and the 
I’ropyloea at Athens (b.c. 437-2). The latter is 
partly Doric and .partly lonic^ 'I’he column ba-s no 
base, the shaft resting directly on the stylobate 
(q.v.) The shaft usually has twenty elliptical flutes 
meeting in arrises, and is worketl to a very sliglit 
Entasis, the curvature in the case of the Parthenon 
shafts being about half an inch in a length of 31 ft. 
The upper diameter of tbe shaft is about four-fifths 
of the lower diameter. The height of the column 
varies from 4^ to 7, but is usually 6 times the 
lower diameter; the <iolumns of the Parthenon me 
diameters in height, llte capital is one of the 


most beautiful features of the order. Its height is 
usually equal to about half a lower diameter, and it 
consists of a neck separated from the shaft by a fine 
groove, a delicately moulded ecliinus with three to 
five fine annulets, and a perfectly plain abacus (^ee 
illnstration under ABACUS). The height of the enta¬ 
blature is equal to about twice the lower diameter of 
tlie shaft, the cornice being about two-thirds the 
height of either the architrave or the frieze, and its 
projection being equal to about 1 module or half a 
lower diameter. The frieze is the most striking divi¬ 
sion of the entablature, consisting of square iiauels 
or metopes (q.v.') frequently carveii, separated by the 
triglyplis, whicli are the coiistniotive pfirts of the 
frieze. The face of caclf trigJyph shows two vertical 
grooves and two chamfers or half grooves at the 
edges, the stop of the grooves at the top being 
usually curved (see Tbiulyph). The band ovct' the 
triglyph, known a.s its capital, has a much slighter 
jirojoction than in the Homan examples. A triglyiili 
occurs over each column with the exception ojj, the 
end one, the triglyph in this case being [ilacetl at 
the end of the frieze. Tlicrc is usually one triglypli 
over the space bot\v«‘eii any two columns, hut occa¬ 
sionally the iiitcrcohimuiatJon is incniascd so as to 
allow of two triglvphs in tliis position. Although 
the end triglyph is not placed over the c.entre of the 
end column, the two metopes ncare.st the end of the 
frieze arc little, if any. larger than the otliers, as 
the end intoroolnmniatiou is reduced. Tlie arclii- 
travc project.s slightly hojoiid the face of the shaft, 
and is very plain, having Jiiendy a toiiia on its upper 
edge and a row of guttie umlcr each triglyj>h. It 
should be noted that the fillet over the gutta' and 
under the tenia, known as the capital of thegnttiu, 
i.' rather deep, and that the guttas are veiy .sliert, the 
reverse being the ca.se in Homan examples (fur ii/iix- 
trillion, xee under GuTTiE). The cornice consist.sjcf a 
coiona, on the sloping soffit of which is a series of 
matnks (q.e.), each mutule having three rows of 
guttie on its undoi.'ide. ami a .sinqilc bed moulding. 
Tlie crowning member of the 'ornieo is usually an 
ovolo. In tlie Doric order yf the Parthenon great 
care was taken to cimnteraet optical illusiotj^. The 
entasis of tlie shafts is jii.st sufficient to prevent the 
appearance of hollov, ne.ss which would be given by 
a siiuple conical form. An appearance of strength 
is imparted to the angle.-i liy ri;duciug the end inter- 
columniation, and for similar rcjisuns all ttic columns 
lean slightly inwards, and the stylobate and enta¬ 
blature are slightly raised in the centre. It sholld bo 
noted tiiat the effect of Greek Doric temples deptmded 
to a conside-rable extent on the colonr decoration of 
their various parts.— Tub IlOMAN DOBIC Oedhb (xee 
illustrat ion under Golumn) varies very considerably 
from that used by the Greeks. The column is usually 
8 diameters in height, anil has a ba.se generally 
1 modulo in height, llie sliaft is frequently not 
fluted, and its upper diameter is four-fiftlis or five- 
sixths the lower diameter. When the shaft is 
fluted, the flutes are semicircular in plan, and are 
separated by fillets. The capital is much less re¬ 
fined than that of the Greek Doric order. The 
necking consi.st8 of an astragal with a fillet and 
congii under, instead of the groove in the Greek 
Doric. The ovolo of the capital is a quarter circle, 
the annulets arc rectangular fillets, and the abacus 
is crowned with a eyinatium. The entablature (q.v.), 
like that of the Greek Doric, is 2 diameters in 
height, bat the height of tlie architrave is reduced 
to about 1 module, the frieze—alxmt 1} modules in 
height-being made the largest member of the 
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entablature. The architrave does not iwoject be¬ 
yond the face of the shaft, but is in the same face as 
the neck of the capital. The end triglyph is always 
placed over the centre of the end column; the stop 
at the top of each groove or glyph is angular; the 
capital of the 1 riglyph has a larger prajection than 
in the Greek order; the guttce on the arofiitrave are 
longer than the Greek guttEe, but the capital of the 
guttffi is reduced in depth. Miitules are never used 
over the metopes, and are sometimes omitted alto¬ 
gether, and a dentil course substituteil. The crown¬ 
ing nieiitber of the cornice is cither a cavetto or a 
cyina-rccta, instead of the ovolo used in the Greek 
Doricorderj^-THB Gbbbk Ionic Obdeb (seeillvgfra- 
turn, under IONIC and A'OLuTB) is tl>e second one 
used by the Greeks. Its proportions fire more slender 
than those of the Greek Doric, and the mouldings 
arc profusely enriched, carving taking the i>lacc of the 
colour d€‘Ooratioii used with the Doric. The princi¬ 
pal buildings in vvliiedi it occurs arc; The Temple on 
the {lissus at Athens (B.rJ. 4S4) ; the Temple of Nik«';- 
Apteres at Athens (b.c. 4(>9); the Propylma at Athens 
— internal columns Cb.c. 4;17-2); the Temple of 
A])ollo Kpicurius at I’higalasa—internal columns 
(B.C. 4.'i0); the Krecthenm at Atlicns (b.c. 179-08): 
the Temple of Diana at Kphesus (bc. HSU); the 
Temple of ^linerv'a I'olias at Prienc (B.C. 320). The 
derails of the v.ai'ious Gicek examples of the Icuiic 
order vary much more than those of the Doric, but 
the i'ollotting notes are <ir general applicati(}n. The 
column consists of a shaft having twenty-four flute.s, 
6 ej)aiated by fillets and descending into the conge ; 
a hast!, u^uallJ• richly moulded and generally of the 
Attic, form, sometimes with and sometimes without 
a iilinth ; anil a voluted capital. This capital oon- 
sist.s of an enriched bead and echinus, both circular 
on plan, with a eushion-like feature above, the front 
aiukhack faces of which are jiarallcl to the w'all (if 
the temple. Each of these faces con''isi.s of a baud 
terminating at each end iu a volute. The projection 
of the echinus in front of this baiid is one of the two 
weak points in the design, tlic other being the difli- 
culty which arises in the capital of a column at the 
angle ofca building, tJjcangle capital hating adouble 
face and the volute between the tw() faces being 
arranged at an angle of 45'’. Hie al>acus is much 
thinner tluui tliat used in the Doric order, atid, unlike 
the latter, is moulded. The colnmii varies from 8 to 
9 diameters iu height, the latter figure being the most 
usual proj lortion. The height s of the base and capital 
are ;#>out threctjuailers of a module and 1-^ modules 
rospecti vely; the to|) diainel er of the shaft is about 16- 
modules. The entablature is generally 2 diameters 
in height, and the thaie divisions of it are about 
equal. The architrave usually has three fascias, 
each of the upiJcr two of which projects slightly 
beyond the one beneath it, and is finished with a 
delicate cymatium. The frieze is either quite plain 
or is sculptured iu relief. The cornice usually ha.» a 
dentil course below the corona, and t)ic latter is 
generally fmi.shed with an enriched cynva-recta.— 
Thk IIomaN Ionic Obdeb; There is not so .nuch 
difference between the Greek and Homan examples 
of this as there is between those of the Doric and 
Ctorinlhian orders. Like the Doric order, however, 
it was little used by the Itoinaiis. In the Roman 
Ionic order the column Is 9 diameters in bright, the 
shaft being either plain or Anted. The base is usually 
of the Attic form, and always lias a plinth. The 
capital is often made with angle volutes, the four 
faces being similar, and the abacus concave on plan. 
When this is done, the scrolls spring out of the 


echinus, and do not form an integral part of the 
capital, as in the Greek order. The entabJature ilqeB 
not differ much from that of the Greek Ionic, with 
the exception, of course, of the detail of the mouldings 
and their enrichments.— The Gbeek COBIKTHIAE’ 
Obdeb ; The Corinthian order was little used by 
the Greeks, the principal examples beii^ the Cboragio 
monument of Lysicrates at Athens (b.c. 335) and the 
Tower of the Winds at Athens (b.c. 1(K)-36), The 
shaft and base are only sliglitly different from those 
used in the Greek Ionic orcier, but tlio shaft is 
generally 10 diameters in height. The CorintI ian 
order at the Tower of the Winds has no base, and 
there is no plinth to the base of the other example 
mentioned. The capital is again the most distinctive 
feature of the onicr, and in the case of the Choragio 
monument of Lysicrates is It diameters in height, 
and consists of a bell-shaped core, the lower part of 
which is clothed with a conventional treatment of 
the acanthus leaf, the upper part liaving a small 
volute at each of the four angles witli honeysuckle 
ornament between, and a moulded abacus with oon- 
cai'e faces.— The Homan Coeinthian Obdeb {see 
illmtraiion under Cohinthian). The Corintliian 
order was more fully developed by the Romans, and 
was the one principally used by them. The column 
varies ‘from fit to lOJ diameters in heiglil, and 
generally has a base ri'sembling the Attic. The 
shaft is generally fluted, but sometimes the upper 
part is fluted and the lower part plain. The capital, 
about If diameters in beiglit, is richly carved, even 
the mouldings of the abacus being enriched in some 
ca.ses. It consists of two tiers of acanthus leaves at 
the ba.se of the boll, four pairs of large volute.s sup¬ 
porting the angle of the abacus, and four pairs of 
small '’olutes under the flowers or “roses” in the 
centres of the concave faces of the abacas. The 
entablature is about diameters in height, tlie 
heights of the iiicze and architrave being about 
ec(ual, and each rather less than the height#)£ the 
cornice. The principal feature of the entablature is 
tlie use of inodillions above the dentil course to .sup¬ 
port the corona of the cornice. These modillions, 
and almost all of the moulding.s of the entablature, 
are richly caned. The projection of the cornice is 
about e(iual to its height. The Meze is frequently 
quite jilaiii, but the architmve, which consists of 
three fascias and a crowning moulding, is usually 
euriclKMl.— The I’u.scan Obdeb (fter illustration, see 
Tuscan) is a Roman modification of the Doric order. 
It is the simplest of the orders used by tlie Romans, 
being always used without enrichment.. Tlie column 
is usually 6 diameters iu height. The capital is 
similar to tlie Roman Doric, but the abacus has 
merely a fillet at its iipjier edge in lieu of the 
moulded Doric cymatium; the shaft is never fluted, 
and the base consists of a fillet, a torus, and a plinth. 
The entablature is rather less tlian 2 diameters in 
height, and is iMjrfectly jilain, having neither tri¬ 
glyphs, mutules, dentils, nor modillions. The crown¬ 
ing moulding of the architrave is simply a small 
cavetto and a fillet. -^The Composite Obdeb (for 
illustraiioH, see Composite) is a modification of the 
Corintliian order, and was not used by the Greeks. 
The chief alteration is in the capital, the upper part 
of which is similar to the Roman Ionic capital, with 
angle volutes, while the lower is very similar to that 
(if the Roman Corinthian capital. The general pro¬ 
portions are the same as those of the Roman Corin¬ 
thian order. The term Obdebs is also used to denote 
the recesses or groups of buildings iu a Gothic or 
Romanesque arch.—W, S. P. 
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ArohltMtoN, StyteKot Btzantikb, Indian, 
Italian. Pointed, Gothic, An&lo-Bason, Nob- 
man, Eably Bnoush, Tudob, Elizabethan, 

Sl^ART, and RBNAISSANOB BTYLES. 

Arafaitra'm (Arehiteot) The lowest of the three 
chief members of an entablature. It is the main 
beam, and rests directly on the colnmns. It is also 
koownasthe Bfibttlb. The term Abchitbavb is also 
need to denote the moidding bounding the head and 
sides of a door or window opening. See Abchiteo- 
T0BB, OBDJSPBS on, ENTABLATIIBB, and COLUMN. 

Arohltraye Block {Carjp., etc.) The block at the 
bottom of the architrave moulding around a door 
opening into adiich the skirting is fitted or “ finished.” 

Bvellivolt (Architettt.) Tlie mouldings on the 
face, and following the curve, of an arch. 

Bro Lamp {Meet. A^.) A pair of carbon rods 
connected to a current f)f sufficiently high voltage to 
produce an electric arc between the poles or ends of 
the carbons. This requires about 50 volts continuous 
or 33 volts with an alternating current. The carbons 
are connected to mechanism worked by the current 
which brings them together when the current is first 
turned on, then separates them a short distance 
(thus “striking” or setting up the arc), and then 
“ feeds ” the carbons or brings them up to a constant 
distance as they are burnt away. The chief differ¬ 
ences between lamps consist in the nature of tlie 
mechanism employed for this purpose. 

Aroo With the bow; used after 

Arotio. A general term applied (1) to organisms 
which resemble or are connected with those which 
live in the circumpolar regions; (2) to climatic or 
other geographical conditions resembling those found 
in those regions; or (3) to strata which Iiave been 
formed in the same manner as those occurring in 
the Arctic regions. 

Ajpctic and Antarettc Zones (Asfroa.). The part, 
of the eaith's surface lying between the Arctic or 
Antarctic Circle^ and the respective poles. 

Aretio Cinde (Agtrm.') A circle or parallel of 
latitade. north of which the sun remains above the 
horizon for twenty-four con.secutive hours during 
some portion of the year. This latitude is 3(5“ .32' 
30”. The corresponding sontii latitude is called the 
Antarctic Circle. 

Are. See Weights and Measures. 

Area. The amount or measure of a surface. See 
Weights and Measubbs). 

——, Dry {Building). In order to prevent damp¬ 
ness in the fioors and walls of houses with base¬ 
ments, a “ dry area ” is constructed. A space is left 
all round the basement, of sufficient width to keep 
the damp soil from the walls. This is covered at the 
top, except in certain places where openings are left 
^for ventilation. The drainage of the area requires 
particular attention. 

Areal Teloolty {Antroa., etc.). The area swept 
out in . unit time by the line joining a planet to the 
■ earth. Kepler’s Second Law states that this areal 
v^tfocity is a constant for any given planet. 

Area*. See Saeitation—Dwellings. 

Areea Hot. Areea eateehu (order, Palma). The 
seeds are used in pharmacy, uid in the East for 
^wing. 

IjMDaoe^ Books ( Oeol.) Sedimentary rocks of 
derivative origin, whiob consist essentially of grains 


of sand. They include not only sand, but also semd- 
stone, quartzite, and grey wadk4. They are simply 
aggregations of particles of quartz, which have been 
dcriv^ from the waste of some pre-existent ro^ 
containing that mineral. Arenaceons rooks are 
specially characteristic of rocks of terrigenous or^in, 
and rarely or never enter into the composition of 
those formed in the deep sea. 

Areni|[ Beds {Geol.) Strata of Lower Ordovician 
age, which are on the same geological horizon as 
those which form the Arenig Mountains in Wales. 
They differ much in mineral character in different 
parts of Biitain, consisting largely of volcanic 
materials in Wales and if.he north-west 6f England, 
of deep sea radiolarian oozes in the south of Scotland, 
and probably of limestone in the north-west. They 
contain a characteristic snitc of graptolites and tiilo- 
tites in the area where tliey consist of argillacean 
sediments. 

Apgal or Avgol. Tbe reddl-^h-brown crust which 
forms wlien wine is kept in Ixittles or casks, '^t is 
impure acid potassium tartrate (cream of tartar), and 
constitutes the source of tartaric acid {q.v.) and its 
salts. t 

Argond Burner. I'lie name was originally applied 
to an oil burner having a wiok enclosed lietween two 
concentric tubes. The burner is now used extensively 
for bnming gas, and consists of a hollow ring, through 
the upper surface of which the gas issues by a number 
of small holes. To protect the flame a glass chimney 
is provided, by which also the entrance of air is 
regulated. See also Abtikicial Illumikants. 

Argent {Her.) Silver; usually contracted to ar •. 
on a ^hield it is shown blank. 

Argentic. See Abgentum. 

Argentite {Min.) Sulphide of silver, AgjS: 
silvei=f<7'l, sulphnr = 12’3 per cent. Occurs in 
cubic crystals of a black lead grey colour : very 
similar to galena, from which ir is distinguished 
roughly by being seotile. Nearly all galena con¬ 
tains some silver, which probably exists as the 
isomorpbous sulphide argentite. From (Cornwall, * 
Norway, Bohemia, Saxony, Mexico, Chili, Peru, and 
many localities in North America. 

Argentum. The T^atin name for silver. Prom tins 
word tiio symbol Ag for silver is derived, also tlie 
word argentic, which is applied to the silver salts— 
e.g. argentic nitride iS silver nitrate. ' 

Argillaceous {Oeol.) Olaylike: containing clay. 

Argillaceous Books {Oeol.) Strata consi.sting 
essentially of clay, and thus always primarily of 
derivative and sedimentary origin. Mua, clay, mud¬ 
stone, shale, marl, argillite, and Lydian stone are 
amongst their varieties. Many (bnt by no means all) 
slates are also of argillaceous composition, as also 
are the dynamically metamorphosed rocks known as 
phyllites. 

Argillite {Oeol,). A name restricted to rocks of 
aigillaceons composition and sedimentary origin, 
which have been much indurated by presswe and 
other causes, but which have not been affected by 
cleavage {tee Slates), nor by dynamic metamoipbism 
{see Phyllite), nor by thermo-metamorphism {see 
Lydian Stone, Jaspeb etc.) The arenaceous 
associate of argillite is usnally Obey Wack^ (^.f-) 

Argon. A gas forming rather less than Iper cent, 
of the atmosphere. Its presence in the air was first 
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indicai^ b; the fact that a litre of aitro^n prepared 
from air w^m found to weigh heavier than a lilM oi 
pore nitrogen obtained in other ways. It can be 
obtaineil by paesing electric sparks through air in 
presence of canstic potash, and gradually adding 
oxygen till all the nitrogen has been converted into 
potassium nitrite and nitrate. Atomic weight, 40. 
Has a characteristic spectrum, a monatomic molecule 
(o.r.) It app^irs to be incapable of entering into 
chemical combination with any other element or 
compound whatever. 

Aries, First Point of (Agtrm.) The point of 
intersection of the celestial equator and ecliptic, 
through whfch the sun passee as it crosses from south 
to north of the equator. 

Aril An outgrowth ujx)n the seed coat 

or testa, either as an investment or as an excrescence. 
The mace of the nutmeg and the fleshy cup of the 
yew fruit are examples. 

Askose i^GeoL) A name origimilly applied to any 
conglomerate which containe<l felspar fragments, 
whether decomposed or not; but now restricted to 
derivative rocks which have been formed under arid 
conditions and in which the parent rook has been a 
granite or a gneiss. Arkose thus diifers from a con¬ 
glomerate in containing, along with quartz or other 
mineral fragments, pieces of underavipmd felspar. 
A typical arkose occurs abundantly in the Torridon 
sandstone. It is also found in the Old Red. 

Armature (A rcltitcct.) A term used for bars of 
iron added to various parts of architectural structures 
to strengthen them without detriment to the decora¬ 
tive effect of which they form a pait— e.g. Lron ''robS 
bars in a leaded window. 

- Eng.) (1) The ])iece of soft iron 

whish is placed in contact with the isrles of a per¬ 
manent magnet to aid in retaining the magnetic 
lines; (2) a piece of soft iron on which the magnet 
acts by magnetic attraction in order to actuate some 
jueoe of electrical apparatus, srich a.s a relay (q.v.) ; 
(.1) the rotatin g jiortion of a dynamo or electric motor. 
See AkiM-TURKS. 

Armature Binding (Elcet. Eng.) Strips of thin 
metal or wire l ands whicli hold the windings close 
to the iron core. 

Armatures of Dynamos. An armature is the 
portion of the dynamo in which the current is 
actually produced. It usually cdubiSts of coils of wire 
rotating in the strong magnetic field Iwstween the 
poles of the magnets. This rotation produces a con¬ 
tinuous variation in the number of lines of force 
which pass through 
coil of the armature, uud 
therefore a current is 
caused to flow through 
these colls. The current 
is led from each coil to 
the corresponding bars 
of the commutator, and 
is collected by means 
of brushes. In the ma¬ 
jority oE cases the coils 
are carried on a cylin¬ 
drical core of soft iron, 
which serves the doable 
purpose of acting os 
a support to the windings and also of concentrating 
the lines of force between the poles, and causing 
them to pass through the coils of the aiTuature. 



Armatuies may be divided into four mmh types: 

(1 ) Eiko Abmatcbbs i A typical rihg annature 
is shown in fig. 1 in a diagramomtle jfoigm. Di 
this case' there are six coils wound on an iron 
ring, the beginning of one coil being connected to 
the^d of the preced¬ 
ing one, and the point 
of junction being also 
connected to a bar of 
the oommutator, which 
is shown in black shad¬ 
ing in the diagram. 

As each coil passes 
through what is termed 
the “ neutral point ”— 
that is, the position 
in which the current 
in it becomes reversed 
—the commutator bar 
to which it is con¬ 
nected passes from contact with one brush to con¬ 
tact with the next, and by this m^ns the current 
in the external circuit is kept flowing in the same 
direction. IRe essential point ,to notice about a ring 
armature is that the windings pass ov’er the external 
surface of the iron core, and return through the 
inside . of the core. 

(2) Drum Armatures : 

This is the form chiefly 
used in large continuous 
current machines. In 
this case the windings 
are all external to the 
iron core. The method 
of connecting the wind¬ 
ings is vaiien and complex. One method is shown 
in fig. 2. In this case sixteen conductors, numbered 
1 to 16, are shown on the outside of the armature. 
The method of connecting them at the end of the 
armature nearest the oommu¬ 
tator is shown by continuous 
lines, and the connections at 
the farther end are shown by 
dotted lines. It will be seen 
that conductor No. 1 is con¬ 
nected at the back of the 4, 

armature to No. 8, No. 3 is 

connected to No. 10, No, 6 to No. 12, and so on. 

(3) Pole Armatures: This form is shown in fig. 3. 
It is very frequently used in alternate cuirent 
machines, where field magnets with a large number 
of poles are employed. 

(4) Disc Armatures: 

These ai’e armatures 
where the wire is 
wound into fiat coils of 
spiral or similar form. 

In this case thefe is 
no iron inside the coil 
of the armature; but 
the coil is made very 
thin, and very nearly 
occupies the whole of a very narrow g;ap between 
each pair of poles of the field magnets. The wind¬ 
ing of a disc armature is shewn diagrammatieally 
in fig. 4, and the form actually taken by the ooils 
in fig. 5.—G. F. G. 

Anned (JHer.) Used to denote that the natural 
weapons of defence are of a tinctore different from 
.the rest of the animal. 

Armes PaTlastrii (Ser.) Coats of arms on which 
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the device is derived from the family name ; also 
called CU.NTINO Hebai^dby. 

Arnet A helmet worn on the Continent 

in the fifteenth century. It was g^lobular in form. 

Armilanaa (CW.) “ A body garment, the pmto- 
type of the surooat.”—M bybick. 

Arming Press (Bind.') A light kind of blocking 
press (j’.v.) used by hand. So called originally 
because such presses were generally employed for 
impressing armorifd hearings on the sides of books. 

Armorial Bearings. Heraldic devices used to 
distinguish families, corporate bodies, and counties; 
in the case of family and feudal arms descending from 
fatherto son. Arms op Dominion : The national 
arms borne by the sovereign. Armorial bearings were 
first employed by the Crusaders, and took their rise 
from knights painting upon their banners a dis¬ 
tinctive figure to enable them to be distinguished 
when clad in armour. They became hereditary in 
families at the close of the twelfth century. See also 
Heraldry. 

Armour (known also as Harness and Mail). A 
covering worn to protect the body in battle. Metal 
armour of various kinds was used extensively by 
ancient nations, notably by the Egyptians, Greeks, 
and Romans; but it served to protect a portion of the 
body only, and consisted of helmet, shield, ouii'ass, 
and" greaves. It is known that the Hastati of the 
Romans wore flexible cuirasses, but there is no 
definite evidence as to how they were con¬ 
structed, It was in the tenth centurj' that com¬ 
plete metal armour began to be worn in Europe, 
and it continued to be 
worn, subject, of cour.se, 
to many variations of both 
style and construction, 
until the eighteenth cen¬ 
tury, when the more 
general use of firearms 
and field, artillery ren¬ 
dered it useless. Mail, 
the type of armour worn 
in the tenth century, con¬ 
sisted of rings of iron 
firmly sewn llatonclotli or 
leather. Later the rings 
were linked, and formed a 
garment themselves. This 
form of armour was known 
as Chain Mail. Small 
flat pieces of metal were 
also used, and this armour 
is known as Scale 
Abmocb. Subsequently 

1. Bsscinet. 

2. Gorgot. 

8. Roundel. 

4. MiH^Tionrde, 

5. Gudlin^. 

(), Cuirass. 

T. Gatuielet. 

8 . Kiianliire. 

S. GruBsart. 

10. Cundi^re. 

11. Hkirt of Taces, 

12. Cuissart. 

18. Qenouilli^e. 

14. Janibuit. 

15. Rolleret. 

IS. Rowelled Spur. 

17. Sword. 

18. Crosi^iard 

10. I’ommeL 

20. Sword-belt. 

21. Chape. 



AxMoua: Sta John Ltsus, 
Thbtjxton, Hampshibe. 
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single plates were sub-stituted to cover various parts of 
the body, until eventually, in the fqtfrteenth century, 
the period during which the greatest development 
in body armour occurred, the whole body became 
encased in this kind of armour, known as Plate 
ABMoitb. This, the last form of complete body 
armour, was often richly engraved and embossed. 
The illustration shows a complete suit of plate 
armour of the esiriy fifteenth century, the names of 
the various parts being‘indicated.—C. T. 

Armourer’s Art. Originally, simply to make the 
armour, but afterwards to apply enrichment. 

Arms (Her.) See Abmouial BEARiJiGS {Her.) 

Arnett’s Valve. The purpose of this valve is to 
act as an outlet for the vitiated air of rooms. It is 
a metal box arrangement, generally i)lacp<i near the 
ceiling an<l oiiening into the chimney. Tlie pres.sure 
of air from tlie room forces the valve inwards— 
i.e. towards the chimney—allowing impurities to 
escape; but when the pressure is greater froii* the 
chimney the valve closes. 

Aromatic Compounds. A term originally applied 
to a number of sunstances having an aromatic odour. 
Most of these were found to be benzene derivatives; 
hence the term is now used to designate the benzene 
derivatives as a whole. 

Arpeggio (Musio). The sounding of the tioles of 
a chord in succession instead of simultaneously. 

Arquebus, or Arcubus, also Harquebus- Earliest 
form of trigger gun. 

Arrach4 (Her.) Sec Er^lseu. 

Arrack. Ike spirit distilled from the fermented 
liquor (toddy) of tlie sap from various palm trees. 

Arras. A rich cloth originally woven aff Aritjs in 
I'kauce; also the n:une of a screen of the same 
material which was hung round rooms. 

Arris {Jinilding). The sharp exterior angle formed 
by the intersection of tw o plane surfaces. 

Arris Gutter (Building). A V-shaped gi^ter. 

Arrow. A weaiion of great antiquity, which varied 
raucli in length ami shajH-; generallj' it was sleiuli r, 
straight, and poimed. Tliick ones used with cjo.ss- 
V>ows were called holts or quarrels. The arrows of 
the early Britons were tipped with flint or bone. 
After the Norman Conquest tlie English became most 
exjAsrt bowmen w^lthlhe deadly “cloth-yard” shaft. 

Arrowroot. Is obtained from the rhizomes of a 
plant, Marania arundinacra (Marnntacee), which is 
a native of India .and tlie West India Islands. It is 
' said to owe its name to the Indians using it to absorb 
' the poison from wounds inflicted by^xiisoned arrow’s, 
.irrowroot is a pure starch, and is of value as an 
article of diet for invalids. The common adulterants 
are tapioca, potato starch, and sago. 

Arsenic, A.s. Atomic weight, 75. A dark grey 
I raetiuho-looking element. It is brittle and cry- 
1 '.talliue, and sublimes about 450° without melting; 
hut it melts if heated under pressure. Its vapour 
has a tetratomic molecnlo at B60°, a diatomic 
molecule at 1736°. Heated in air, it is oxidised to 
arsenious oxide; the same oxide is formed when 
it is heated with strong sulphuric acid. Nitric acid 
oxidises it to arsenic acid. Hydrochloric acid is 
without action. The clement is obtained by heating 
arsenical pyrites (PeS^''eAs,^) out of contact with air. 
Alloyed with lead in shot makii^. In nature, arsenic 
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oocuns in oiaesei of tin wbito to dark grey oolour, with 
a snb-meiaUic Imtie; the masBes are granulax and 
often mamtoillaUid. Usually some antimony is 
present as an impnrity, and it is often associated 
with lead and silver ores. Arsenic also occurs jn 
combination as Absbn'olite, Obpimbmt, Rbalgab, 
and many arsenides and arsoniatos. Native arsenic 
is found in' Cornwall, Saxony, Bohemia, Norway, 
United States, etc. 

Aneniate of Lead {Min.) A synonym fur 
MUIKTITK (i-v.) 

Arsenical Nickel {Min.) A synonym for Rup- 

PBBNICKBL {if.V.) 

ArsenioaJ^oiBoning. Ar^nic is used in the colour¬ 
ing of artificial flowers, toys, etc. It has also been 
found to a large extent in some wallpapers, the 
poison being given off cither in the form of dust 
particles or as a gas. 

Arsenical Pyrites {Min.) A synonym for Mis- 
P1<JK|JL (g.v.) 

Aiwnic Compounds. ABSEBirrsETTED Hydbo- 
GEN, AsH,: Formed jiure when an alloy of zinc and 
arsenic is aijted on by hj'droohloric acid; mixed 
with liyditigen when any soluble arsenic compound 
is acted on by pure zinc and dilute sulphuric aci<l. 
It is a gas; extremely poisonous; resolved into its 
elements when heated (ser Makkh’3 Test). Passed 
into silver nitmte solution, itgive.s a black precipitate 
of silver and a solution of arsenious acid. Traces 
of it are supptised to be formed from wallpapers 
coloured by green aiscniaoal pigments. Arseuic 
Ch uokide, As Cl,: A colourless fuming liquid decom¬ 
posed by water into arsenious and hydrochloric acids. 
Formed by direct union of its elements. ABBBKlovs 
O&IUBB, As^Og; also called White Abbbnic : A heav j 
white .'-olid having three allotrojjic. modifications; 
si>aringly soluble in water; more soluble in hydro- 
chloric acid; very soluble in alkalis forming alkalinc 
arsenites. Very 2 «>isonous. Obtained on large scale 
in roasting tin ores containing arsenical jiyrites. 
Absbn'XC O.xiDE, As^Oj: White deliquescent solid 
obtained when arsenic acid is carefully heated. 
AKSENICsACID, HjAsO, : A white solid, obtained when 
arsenic or jusenious oxide is oxidised with nitric 
acid. Arsenates: yalts of arsenic acid. The most 
iiuijortant is. Sodium Absenate, NajnA.sO,12II„0, 
obtained when arsenic acid is matle alkaline witii 
eodium carbonate and tiie solution crystallised. It 
is ir<oiuorphou.s with sodium i)hos})hate, and used in 
d\ eiiig. Aksenitb : Halts of arsenfous. acid, 

CorPEH Hydhoobn Aubbnite, CnllAsO,, is Schule’s 
gre.en—an important green pigment formed by 
adding copper sulishate solution to a solution of 
arsenious oxide in <-austic soda. Absenious Sul¬ 
phide, Aa^S,: Formed as a yellow precipitate when 
sulidiuruttod hydrogen is iiassed into an acid 
solution of an arsenic compound (important test 
for arsenhi). Insoluble in hot strong Itydrochloric 
a<ud; soluble in alkalis and alkaline sulphides. 
Healed in air, gives arsenious oxide. • 

Arsenolite (Min.) Also called wdtitc arsenic. 
It is native arsenious acid, As^O,, and occurs as a 
sublimate of minute octahedral crystals of glittering 
lustre on decom}>osing arsenical ores, and also in 
pulverulent crusts. It is extremely poisonous. 
From the Harz and Saxony and many localities 
where arsenical ores occur. Its crystallographic 
system is cubic. 

Arsine. See Aksbniuketted Hydbogen, under 
Abbenic Compounds. It is another name for this. 


Artemis. The Greek name of Diana, goddess of 
the moon and of hunters. Represented as a huntress. 
The incident of Actsson, tum^ into a stag, being tofu 
to pieces by Ms own hounds for gazing on the goddess 
while bathing, is a well known subject in art. 

Ai^ry {Zoology). The term applied to a blood 
vessel that contains blood passing from the heart to 
the various organs. The arterial walls are thick and 
very elastic. 

Artesian Wells. These derive their name from the 
fact that the fiivit well of the kind was sunk in the 
province of Artois in France. They are formed by 
making a perpendicular boring, usually of great 
deptli, in a basin of the strata. When the boring 
reaches below an impervious stratum, a constant and 
spontaneous supply of water is'afforded. The water 
from thi.s source is pure and palatable. Bodium 
chloride, sodium carbonate, and free ammonia are 
often found in waters obtained from these wells. 

Artificial Tllniwina tinn. I'he chief illnminants 
are -. coal gas, electric light, acetjdene, and oil. 
Lighting is responsible for the addition of many 
impurities to the air of rooms, carbon dioxide in 
particular. It is computed that each cubic foot of 
gas burnt per hour jioUutes as much air as would be 
rondereji impure by a xterson while at rest. The 
following is a list of illnminants in their “ hygienic" 
order : Electric light; coal gas—^incandescent; coal 
gas—Argand burner; coal gas—batswiug burner; 
paraffin lamp; and candles. 

Artificial Stone. Artificial Btone.s may be divided 
into three classes: (1) Stone resembling concrete, 
consisting of admixtures of cement and crushed 
fragments of some hard natural stone. (2) A soft 
natural stone which has been hardened and made 
stronger by artificial treatment. (3) Homogeneous 
“ stone ” preijared from various mi-vtures of clay, such 
as terra-cotta or common brick. (1) TLe chief forms 
of the first class are as follows; {a) GHA.NOLITH 
(Stuart s): This coasists chiefly of crn.shed granite 
mb eti with Portland cement. It is chiefly used for 
paving, in wliich form it is very durable. It also 
j>osses8os the valuable property of withstanding 
intermittent action of water, and it has been used 
in the graving dock at Glasgow with success, {b) 
Non-Slii* Stosb; This consists of chips of hard 
Yorkshire stone mixed with cement. It is cast 
in blocks and hardened under hydraulic pres.«ure, 
forming a very durable paving materi.al, with a 
surface which does not become too smooth, and 
therefore slippery, as it wears away, (e) ViCTOBlA 
Stone: This contains crushed granite, which has 
been washed free from alkali This is mixed with 
cement and water, and moulded into suitable blocks. 
When it has been hardened by exposure to the air, it 
is soaked in a solution of sodium silicate and further 
exixrsed to the air, when it becomes extremelj" hard 
and durable. It is very suitable for paving, sills of 
doors, etc. (2) In the second class a good example 
is what is termed MOEKAU Mabble. The prepara¬ 
tion of this is, in brief, a method of producing a 
fairly hard ornamental marble from a cheap and 
inferior limestone. A soft limestone is seleottM, and 
the surfaces dressed and smootheil. Veins are pro¬ 
duced by tinting the stone art’ficially. It is then 
soaked in a solution of zinc sulphate and allowed to 
dry, first, at 50® C. and* then at 100® C. 1£ has now 
become very hard, and is callable of taking a very 
high polish. With the exception that it cannot be 
obtained pure white, it has nearly all the valnabl- 
properties of natural marble. (3) In the third class 



AST 


30 


AST 


tiie method of fOTmatios is Analogous to -the manu- 
faottire of .bricks, which are, in a sense, a form of 
artificial sfone. For the method employed, tee the 
micle on BgiOKS.—G. 

jl^iUiian. A skilled workman or mechanic. The 
n^me eias formerly applied to artists. 

JLrtist. One skilled in some branch of the fine 
artsa good workman in any trade. 

ArtUt’B Proo£i See Pboof. 

• Art Paper Ibr Lithographic Printing. Ordinary 
paper (Usually made fi-om esparto and wood) coated 
wieb a mixture of china clay or barytes and glue. 

Aaafoetida. Ferula narthex and F. Assafcetida 
(prder, UmhclUfera'), A gum resinous drug obialncd 
% cutting and scraping the roots. Owing to its 
powerful ^our, it is sometimes used in solution for 
detecting faults in drains. 

Aabeatoa or Aabeatua {Min.) A fibrous variety of 
amphibole; the fibres are usually so fine as to 
be flexible and separated by the fiitgers easily. 
Amianthus is an even more silky form. A typic^ 
analysis is: silica » .j 9-2, magnesia == 81*0, ferrous 
oxide =• 8*^ alumina t- 019, hydrofluoric acid == 1-31 
per cent. It is found in Corsica, Savoy, Tyrol, 
Hungary, etc., and largely in the United States. 
Asbestos is very incombustible, and servos as the 
basis of various forms of fireproof card, cloth, and 
paper, which are of great value in the arts. Pipes 
conveying steam, hot gases, etc., are often coated 
with a preparation of asbestos. 

Aabolane {Min.') This mineral, though used as 
an ore of cobalt, is really an impure hydrous oxide of 
manganese. Wad (f.t?.), containing a variable pro* 
portion of oxide of cobalt. It is also called Eabthy 
Cobalt. It occurs in earthy black ma8.«es with 
somewhat unctuous touch. Found in Cornwall, 
Saxony, United States, etc. 

Aaeending Ldtten {Typvg.) All letters with 
upstrokes, as b, d, h, k, 1, etc. 

Aah. The residue which remains when organic 
matter of vegetable or animal origin is heated witli 
exposure to air; e.g. bone ash is the residue—chiefly 
calcium phosphate—left when bones are heated in 
the air. 

- {Dec.) This wood is imitated by grainers by 

painting a ground obtained by mixii^ burnt umber 
and raw sienna with a little black. The graining is 
dime with yellow ochre and burnt umber, or a 
mixture of taw sienna, burnt sienna, and raw umber. 
See Woods. 

Aahlar {Building). Masonry built of rectangular 
blocks over 12 in. deep on face. 

Aihfauring Where a room is formal in a 

roof, the rattws cut the floor level at an acute angle. 
Sbpft studs (ashlars) are fixed to the rafters and 
joists, and; then lathed and plastered. 

Aah Pan {Dug.) The tray placed beneath the bars 
of a grate or fire box to catch the ash. 

Arit Rlma {(^eht). See Woodbk Bihs. 

Aap {ArcJueul.) A species of viper found in 
^ypt; in colour greenish, mingled with brown. 
Or^ figured on Egyptian monuments. Symbolical 
of malice. 

^ CHjCONHg . 

Aapara^ine, I A white crystalline 

CHNH^OOOH 

solid found in many plants; 'sparingly soluble in 
. water and alcohol; it contains an asymmetric carbon 


atom {q.v.) The Isevo form occurs in asparagus, 
peas, b^s, lettuce, etc., and has a disagreeable 
taste. The dextro form, which oocnrs along wh^b the 
Isevo form, in the sprouts of vetches,has a sweet taste. 
Can be made artificially by heating maleic anhydride 
{tee Malbio Acid) with alcoholic ammonia. 

OHNH„COOH 

Aspartic AcicU | {Amiuotuceinic 

CH„COOH 

Add). A decomposition product of albumin, obtained 
by boiling asparagine with an acid. Crystalline 
solid. Has an asymmetric carbon atom {q.v.) The 
natural acid is lievorotatory. It yields malig add 
when acted on by nitrous acid. 

Aapectant {Her.) The same as Affbont^ • 

Aspen. See Woods. 

Aapergea {Arehwnl.) Holy water sprinkler, used 
in the’servioe of the Boman Catliolic Church. 

Asphalt. A native mixture of hydroefirbons 
which occurs under a great variety of conditions. It 
is very often as^iciatcd with deposits of gypsum and 
of rock-salt, or with strata which have been formed. 
in the concentrated solution found in inland lakes. 
It occurs also in rocks of very diverse ages. The 
a.sphalt of the Val de Traver-s, NeuchStel, ixxjurs in 
a bituminous lime.stone of Neocomian age. The 
Dead Bea and the Pitch r.ake of Trinidad are other 
well known localities. The compositiou of asphalt 
varies almost as much as its mode of occurrence. 
Asphalt is valuable, in building, for making water¬ 
proof courses and for paving purposes, both as a 
cement for wood blocks and as the basis of varions 
excellent paving compositions. 

Aaphaltom {Paint.) A brown paint made from 
asphalt. , 

Aaphyxiator {Plumbing). An apparatus for 
testing drains by charging them with smoke. 

Aspiration, Ventilation by {Hggicne). Is the 
extraction or withdrawal of the impuie air (gone^lly 
by the aid of machinery), fresh air rusMug in to 
take its place. The ordinary chimney ulustrates 
tlie methorl very well. Steam jets discharging into 
chimneys, fans, and screws are used in this system 
of ventilation. It is more effective and less costly 
than the propulsion method, though the air is not so 
easily controlled as iu the latter. 

Aasai {Mutic), Very, sufficiently. 

Aaaimilation {Dotayig). A process carried out in 
the green portions of a plant, and consisting of the 
absorption and decomposition of the carbonic 
dioxide in the air. 'J'hc agent in the process is the 
chloroplastid {q.v.), and the source of energy the 
sunlight. 

Aatatio Needles {Elect.) A pair of magnetic 
n^cdle^ of equal magnetic moment fixed together 
wi^h their poles in opposite directions, and mounted 
so as to turn freely. This arrangement is exceedingly 
sensitive to a small magnetic force,, owing to the 
controlling force due to the earth’s magnetism being 
reduced to a minimum. Such a combination of two 
magnetic needles is used in the astatic galvanometer. 
See Galvanometers. 

Asteroid {Aetron.) The minor planets lying 
between Mars and Jupiter. Over three hundred of 
these bodies are known. 

Astragal {Architect.) A small moulding of semi¬ 
circular cross section. See Tobds and Bead. 
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iCarp.) A ^mlcircabr bead above the 
mrboe of the framing. 

- {Plilmibing'). A bead moulding round a lead 

{dpe. 

JUtFagalos ^Arokeeot.). The knuckle bone. It 
has been need in a child's game from the time of the 
Greeks till now. 

Aatrakhan (^Zoolagy). The fleece of black lambs 
of a variety of sheep {Ooit ane» tteatophyga), found 
in the province of Astrakhan, and in Bokhara, Persia, 
and the Asiatic steppes generally. The wool of the 
lambs of this species is curled, and resembles fur; 
but the coat of* the adult sheep consists of short 
olosn hair, and yields no wo^ capable of being ruauu- 
factured. 


• - (^WboUm Manvfae.') A type of pile fabric 

covered with curls aud made in imitation of the 
natural skin. 

Astronomical Clock. A cluck keeping ^dereal 
time ig.vJ) It imlicates Oh. Onx Os. when the first 
poin9 of Aries crosses the meridian. 

Astronomical Telescope (JAgM). A telescope 
consisting essentially of a long focus lens forming a 
real image at or near its focus, and an eyepiece by 
which this image is magnifie<l. The image seen by 
thu eye is inverted, but this is no disadvantage when 
viewing a heavenly lA>dy. 

Astronomy. The science that deals with the 
pi sili. n. nature, and motion of the heavenly bodies. 

Astylsi* (Architi'et.) A .method of treating an 
elevuti >n of a building without the use of columns. 

Asymmetric Carbon Atom. Carbon is a tetra- 
valent element (j.r.) Wiicn two or more oi the 
atoms, or groups <;f atoms, attached to a carbon atom 
are the same, only one 
confound is kinnvn— f.g. 
only one compound of the 
formula CHCl, is known. 

But when all the four 
atoms, or groups of atoms, 
attached to a lairbon atom 
are di%reiit, two com 
pounds are known. These 
two cooipounds differ only 
iu one inaj^ortant respect: 
the one rotates the plane 
of polarisation of PLA^'G: 

POLABISED IjIGHT (g.1'.) 
to the right, the other to 
the left. In chemical lie- 
havioiir the two compounds 
are identical. In the for¬ 
mula for lai’tic add, 

CH, 



H - 0 - OH 

I 

COOH, 

the central carbon atom 
has four different gronjM 
attached to it; hence lactic 
acid exist.s in two form.s 
one of which is dextroro¬ 
tatory and the other Itevo- 
rotatory. If equal quanti¬ 
ties of the two forms are 
mixed, we get a product 
which has no action on 
polarised light—it is said 
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to be optically inactive (also called the racemic 


modificatioii). The . theory of Le fiSl mid Van f Hoff 
accounts for the phenomenon a« follows t the 
metric, carltpn edom is assumed^tto be^ tbb>iOen^ 
of a reralar tetrahedron, %nd the fo^ groups Are 
attached ozte at each angular point. Thu wiU 
account for the two compounds. Let A, the 

base of the tetrahedron (In the plane of thepafer) 
and D the apex (above the plane m tbepaper)i fig. 1. 
Also let A, B, c, D represent the roar (Cerent 
groups. Ihis will be one modification. N<m intei^-; 
change any two of the groups, say B and o, we 
get fig. 2. Turn the tetrahedron about the edge A,‘a, 
so that the apex b again, comes into the plane of the 
paper, fig. 3. In case (1) A, B, C run cluckwiae; hi 
case (3) counterclockwise ; thus we have two 
different compounds. If in case (3) any two letters 
are interchanged, we shall again get case (1), so tliat 
o?ily two compounds are possible. 

Asynehronoas Motor (jEleat, Mig.'). Motors ac- 
tuated by an alternating current may lie olassifiel as 
Sykchsonous {q.v.) or ASYNCHBONOUS, according 
as the rate of rotation of the moving portion does, or 
does not, correspond to the frequency of the cutreut. 
See Mokofhasb amd Polyphase Motobs. 

Atacamite (Ma.) A hydrous oxyoliloride of 
copper, CuCl. 3Ca(OH).: oxide of copper * 53*6, 
chloride of copper =» .HO-2, water — 16*2 per pent. 
Colour, rich deep green; in small rhombic ci^stals; 
also massive. From Cornwall, the desert of Atacama 
in South America, Spain, Australia, etc. 

At Bay (Her.) Said of a stag with a head bowed 
ready for attack or defence. 

Atelier {Art). Literally a workroom or work¬ 
shop : the studio of a painter or sculptor. 

A Tempo {Mvmc). In time ; used after some term 
altering the speed. 

At Gaze {Ser.) Full faced or facing the obKOi vor. 

« 

Athene, Athena. In ^reek mytholog}*, the god¬ 
dess of wisdom, arts, and sciences; represented with 
spear and helmet and the mgis of her father Zeus. 
Three celebmted statues of Athene were executed 
by Pheidias; the first, which was of ivory and gold, 
was erected on the Acropolis of Athens. Called by 
the Romans Minerva. 

Athletes {Art). Those skilled in physical exer- 
oises. They have provided the Ins-st models for artists 
from the flourishing period of Greek sculpture to the 
present day. 

Atlantes, i>l. of At la s {Architeet.) The name 
given by the Greeks to the carsed figure or half 
figure of a mate used as a column. Persians and 
Telamones are other names for Atlantes. See 
Cabyatid. 

Atlas {Paper). Writing paper of a si«! 36 x 26 in. 

- {Zoology). The first of the neck (cervical) 

vertebrae. It has two large articular surfaces for the 
attachment of the skull. 

Atmolysis {Phyo., Cfiem.) The separation of two 
gases by their different mtes of effusion through a 
IKtrous partition. The rates of effusion of two gases 
are inversidy as the square rooc of their densities ; 
thus hydrogen effuses four timesvas fost as oxj'gen, 
which is sixteen times as dense under equal con¬ 
ditions of pressure and temperature. 

AMnosphere. Consists of nitrogen ; oxygen 

(20*91); aigon, and the allied elements helium, 
krypton, neon, xenon (idX>); carbon dioxide (0*04); 
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a variable amount ol water vapour, ammonia as 
carbonate, nitrite, and nitrate; solid matter. The 
numbers give the percentage by volume. The nitrogen 
serves principally as a diluent, but certain leguminous 
and other pl^ts obtain part of their nitrogen from 
atmospheric nitrogen through the agency of bacteria. 
The oxygen is essential for the respiration of all 
animals and plants, and for all processes of com¬ 
bustion. The carbon dioxide is produced in all 
pioeesses of respiration, combustion, lerraentatioii, 
and putrefaction; that it docs nut increase in amount 
appreciably is due to the fact that the green parts of 
plants decompose it under the influence of sunlight, 
using the carbon to build up their substance and 
liberating oxygen. Evaporation from sotvs, rivers, 
lakes, and the respiration of animals, as well a» 
processes of combustion, furni.sh the water vapriur. 
Ammonia owes its origin to the decay of nitrogenous 
organic matter, while the nitrous and nitric acids 
with which it is combined are h'rmcd by electrical 
discharges occurring in the atmosphere. Minute 
quantities of hydrogen peroxide and osone are also 
present in the air of plat es far removed from towns; 
the true origin and amounts of these two substance.s 
are not known with certainty. The amount of 
nitrogen and oxygen is estimated {a) gravimetrically 
by freeing-the air from other substances except argon 
and its allies, and pas.-ing it. ov(>r red-hot cojipcr and 
collecting the nitrogen; the increase in weight of 
the copfjcr gives the oxygen, and that of the- vacuous 
vessel in which the nitrogen is collected gives the 
nitrogen, (b) Volumetri<-ally by means of the eudio¬ 
meter ig.v.y The carbon dioxide is estimated by 
shaking a known volume of iiaryta water of known 
strength with 10 litres of air; part of the barA ta 
unites with the carbon dir).\ide, and the re.st is a.«- 
certained by titration with standard oxalic acid 
( Pettenkofer’s method). Aqueous vapour is estimated 
by means of the hygrometer (q ii ), and also by 
aspirating a larga volume of air (20 litre.s) flirouaii 
a weiglted tnbe containing pumicestoiie soaketl in 
sulivhuric acid, which absorbs the water (alwolntc 
method). Ammonia an<l its compounds are deter¬ 
mined in rain water only, as this w.oshes them out of 
the atmosphere. The solid matter floats as du-t in 
the air, which it can do in virtue of ii.s fine slate of 
division. It consists of silica., iron and its oxidc.s, 
common salt (NaCl) from the spiay of the .sea, 
vegetable organisms, moulds, spores, and bacteria. 
Mr. Webb (L. k N.W.R. Co.) states that l.s tons 
of steel per day are removed from the rails of his 
compmy by wear and oxidation ; doubtless much of 
this floats in the air as dust for long periods. The 
presence of moulds and ba(.'teria is proved by the 
occurrence of fermentation and putrefac-tion. Milk 
turns sour because of numerous bac-teria and raould.s 
entering it from the air and producing lactic acid 
frcun the milk sugar, Ihitrefactiou of meat is brought 
about in a similar manner. These changes do not 
occur in nailk and meat kept in sealed vessels, when 
the vessels and their contents have been sterilised 
previous to sealing. The number of micro-cirgfmi«ms 
in the air is less in the country than in towns, and 
less at an altitude than near the ground. Thu.s 
Frankland Itas shown that at Beigate there were on 
an average 14 organisms in 10 litres of air: at St. 
Paul’s Cathedral, 56 organisms at the base, 29 in 
the Stone Gallery, and 11 in the Golden Gallery, 
In 10 litres of air. The number of organisms is 
less in winter than in spring and summer. There 
are certain substances always present in the air of 
towns which are not present in pure country air; 


chief amongst these are sulphuiio acid and .pro¬ 
ducts of the incomplete combustion of coafc* The ’ 
sulphuric acid owes its origin to the sulphur com¬ 
pounds present in coal and coal gas, and has a most 
injurious efftwt upon man\ kinds of stone, but not, • 
apparently, upon healthy people. Incomjjjlete com¬ 
bustion of coal produces soot, which consist srttf carbon 
suid adhering tarry matters. To jmlge of the effect', 
produced upon the atmosphere by the combmttion of 
coal it is calculated that about 1 per cent, of the coal 
is given off as soot, a fair amount of which mssbs 
into the air; and 1 lb. of coal requires 240 cuuio ft. 
of air for comph te combustion. Fqgs are produced 
in the atruospherc by the paitial cont^ensntion of 
water vapciur upon dusf jartielos as nuclc;!: in tho , 
tjountry tlie fogs are white, being of the same nature ^ 
a.s cloud; but in towns t he nuclei are laigelj; liie * 
soot particles, and the yellow colour of the' fog is 
due to soot and its accompanying tany matter. In 
towns, too, during fog, the amount of carbon dioxitkt . 
is much higher than in the country; it nvay Ive twice 
as much. Tn an inhabited ixxvrn it may rise ft ten 
times the noiraal amount. During re-piration, bo 
sides carbon dioxide, pntrefiable organic; matter is 
given off, so that thc^ bad effc’Ct of the air of a • 
crowded room is due in part to tins as vveU; as to 
defect of oxygen. When tlie carbon dioxide from 
respiration reaches *2 volumes*per 1,000 above the 
normal value of -4 volumes, the air of the room 
K-gins to have a close or stuffy sntcdl; below tliis 
value the air can be liroatl.cd withevnt any ill 
effect,®, but it should not be allowed to t>e further 
poiluTci.—VY. 11. II. 

Atmosphere, Pressure of (V'^'.v#.) Tin* hydrostatic 
pressure due to the weight of tl c air. It. is approsi-. 
niat' ly !.'> lit. per square inch at the surface of the 
earth, and can .support a column of mereury abuni. 

30 in. li'gii. For many purpo.scs of nsference^ an 
arbitrary staiidaid of atmospheric prt'.ssiirc equal 
to tliat of TO crn. of mercury i.s adopted. Firr 
some purjioses a [tressurc of one million dynes pur 
square ('.('utimetre is assumc'1. whicli is somewhat 
1 (‘.'S tlian the “ normal [ires.surc,” being more nearly 
equal to To cm. of rncrenry • 

Atmospheric Engine (Awy.) The earliest form 
of hoani ciiginc*. in wi icli the steam was sudcfenly 
coiiilemcd in tho cyliiidcr ancl the piston forced 
down by atino.-ftlieric pres.sure alone. 

Atmospheric Line The lino on an indi¬ 

cator diagram (t/.'c.) whicli is tniced out by the pencil 
when at rest -i.c. when nothing but the picssure 
of the air acts on eacli side of the piston of the 
indicator. 

Atolls. Annular groups of coral reefs and islets 
enclosing a central lagoon, and .stamling at a variable 
but small elev.ation above the level of the sea. 
Their slojie beneath the sea on the inner side is 
nsiually at a low angle, while the outer hlojie 
u.snally idungcs rapidly down into deep water. They 
ajipciir to form a coronet upon the head of an 
elevated yiortion of the sea bottom. Their origin 
has given rise to much controversy. 

Atom iChrm.) An atom (in the cheinicalsen.se) 
is the smallest partic-lo of an clement t.liat can exist; 
that is, the atom is the limit of divisibility of the 
matter composing the element. This definition does 
not exclude the possibility of further division into 
smaller particles; it simply lays down the theory 
that the smaller particles cannot be regarded as 
having the properties of the element to which the 
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' |[|^o ^ttHopga. Sapeciment hat) novt proved that 
«^e «0 smaller paiticles do aotoallj exiflt; thej are 
given oil! dnriag tbe passage of eleotridey thiongb 
, a gas at low pressures, and serve as carrieis of nega¬ 
tive electrirtty. The name Elkotbon or Coepuholb 
has ijeen applied to them by various writers. An 
electron rate been shown to have a mass not more 
than one-thousandth that of an atom of hydrogen 
Probably an atom of an element i.s a collection of 
these uorpusoles, and the difCcrcncc between the 
atomsSKf fivo different elements is due to a difference 
ip (the method of arrangement or of the mode of 
Athtion of the otoctron*- constituting thehitom. See 
(iltv £lbctb*n attd Hadiat^n. 

Itonlc Heat (Chem.) Tijis is the name given to 
the value of tbe product Atomic Weight x tipeeific 
Heat. * It is equal to 6-4, and is constant (approxi¬ 
mately) for all elements in the solid state. Boron, 
carbon, silb'on, elements of low atomic weight and 
high melting point, give lower values than fi-4 ; but 
as the specific heat is determined at higher and 
higher lemjieraturcs, they become more nearly 
normal. 

• Atomic Theory (r/mw.) This theory is the very 
fonmlatipn of modern chemistry; it had its origin 
in Dalton’s Atomic Theory published in IS^). It 
assumes matter to be divi.sible up to a certain point 
only, the ultimate jKtrticles being called atoms. 
Atoms of tie same eli'ment an* all alike; but an 
atom of one element differs from an atom of another 
element in weight and in* chemical projicrties. 
Wheic chemical combination occurs between two 
elements, it does so by means of their romponent 
atoms. This last stsderaent accounts fur the lAti. ol 
Multiple l’ropor 1 ioii*(j.e.) 

Atomic Volume (f’Aew.) The (luotient 
• .\toniic Weight 

hpecilii; Gravity 

IS called tbe atomic volume of an tUment. It is 
fiupposoil to leprcsent Ihecelative volumes iH'cupied 
by the atoms of uleincnls. 

Atomic* Weight (f’‘Acw ) The smallest weight of 
an clement wlucli enter-s into a molecule ot any of 
its comjioundH. The principle iinderhing the delei- 
mination of atomic weight is as follows: Kind the 
molecular weight (q.v.) of as many compounds of the 
element an possible. Analtse these compounds so as 
to determine the percent.igc of the element in each. 
Calculate from theve two results the weight oi the 
element contained in the miilociilar winght of each 
Ctim]'onnd. The smallest value obtained is the 
Atomic Weight. In the case of elements in the solid 
state tbe Atomic Weight is ndated to the Specific 
Heat; thus : Atomic Wi ight x Specific Heat — Ced 
(Dulong tc I’etit’s I.aw). Tno absolute wi igUt iif 
an atom of any element is unknown; so that tbe 
atomic weights have to bo n^feriod to some arbi¬ 
trarily selected standard, homclimes tbe atomii* 
weight of hydrogen is put = 1 , and all others 
expressed in ti rius of it ; it is now very common to 
take the atomic weight of oxygen as =»- 10 , and 
express all other atomic weights in terms of that, in 
which case H — I’O], 

Atomlui* or Atomising Capburetter (..Veter Care). 
A SpRAr Cabbubetteb (q.e.) 

Atrium {Arehiteet ) That rourt of a Human 
dwelling house which was neaiest to the entrance, and 
which served as a waiting loom. The central portion 
of it was usually open to tbe sky. The same name 


is also given to the forecourt of an Early Chiistiaa 
Church. See PeaiBTiLWM.. 



t'jjHjgNOj + HjO CjHjjNO + CgH]gOj. 

Xropiii. Tropic amd. 

Atropine can be reproduced by the union of these 
two substances. Atropine is isomeric with hyo- 
scyamine, and tbe latter, on hydrolysis, also yields 
tropin and tropic acid. 

Attacea, (JVim/c). Go on to the next movement 
without break. 

Attachments {Art). The manner in which a limb 
is shown fastened to the body. 

Attic {Architect.). The topmost story of a building 
above the main cornice. 

Attic Base (.iroldteet.) A base moulding used 
in Greek. Itomon, and Renaissance architecture, 
consisting of two tun separated by fillets and a 
seotia. 

Attic Order {Acduteti.) The pilasters used to 
decorate the fiont of an upper story above the main 
corni'-e. 

JLttired (Her.) Tin antlers of a stag. 

Attracted Disc Electrometer {Elect.) See 
E LBCTROM KTEllS 

Attraction and Repulsion {Phytice, etc.) A force 
betw'ecii two bodies lending to draw them together 
or foice them apart. These forces aie now referred 
in most oases (e.g, in electric and magnetic pheno¬ 
mena) to certain actions of the nature of stiesscs 
and stiains, produced in the medium between the 
two bodies. Set LiXESof Fokcb. 

Audition, Limits of {Soimd). bomewhat unoer- 
* am and v ariable with different obsi'rvers. The lowest 
note audible is probably one of 30 vibrations per 
seooml; the liigliost may have from 10,‘KIO to 20.0(t0 
vibrations per second. This gives a probable ringe 
of 9 octaves. 

Auger. A told similar to a gimlet, only mui h, 
huger. 

Augite (Vin ) One of the pyroxene group of 
mimials, often in the form of short prisms. Black 
or VC 17 dark gri'en. A silicate of calcium, mag- 
nesiiim, aluminiam, iron, and manganese Sihea = 
17•6.3, lime = 20'87, magnesia -• 12 9, alumina 
6'74, fen'ous oxide =11*39, manganous oxide = 0‘21, 
water = 0*28 per cent. Monosymmetric. Found in 
many basic volcanic loeks, widely distributed. 

Augite Diorite. A boloorystalline dompound of 
ferro-magnesian miueials (including one of the 
pyroxenes') and a plagioclase felspar. Is which the 
structure of the whole mass is ^nitic. IP is always 
a rock of plutonic origip, and has generally been 
formed at a consideraW depth below tbe surface. 

3 
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The dyke roeks correlative to it are now termed 
POBPHTBITES, while the correlative lavas are Aud®- 
8ITBS. Augite diorite graduates into Gabbbo 
Diobitb and then into Gabbbo ({.v.) 

Au^te Syenite* A holocrystalline compound 
showing graintic structure, oomijosed essentially of 
othoclase felspar (without any conspicuous develop¬ 
ment of quartz), together with ferro-raagnesian 
silicates, amongst which one of the pyroxenes forms 
part. The rock is of sub-acid composition, and is 
of plutonio (and usually deep-seated) origin. Its 
correlative dyke rocks are various, and include the 
Mioa Tbapb. 1'he cojTelativc lavas are Tbaohytes. 

AuiJmentation (if«r.) An addition to a shield 
to commemorate an important event in the life of 
its possessor. 

Augmented Interval {Mtutic). An interval con¬ 
taining one semitone more than perfect, or major. 

Ah jar {Archeeol.) Among the Romans a func¬ 
tionary whose office was to divine future events 
from the acts and flight of bird.s, natural phenomena, 
etc. There was a college of augurs, consisting in 
later times of four patricians and five plebeians. 
One of the symbols of office w-as the lituus or crooked 
staff. 

Anramlne, ^ch*)J - f’etl? Usually 

met with as the hyt^rochloi ide - golden yellow leaflet.'*. 
A basic yellow dye use<1 in cotton dyeing and printing. 
See also Dyss and Dyeing. 

Anreolai Aureole (Art'). The -luminous cloud 
which forms the background to the figure of Chiist 
or a saint. If intended to symbolise f Ihrist, a cross 
is enclosed in the aureola. When only enciicling 
the head, it is fcriued Nimbu.s ; the nimbus and 
aureole together form a Olorv. 

Aureoled (Iter.) Figure.s having the head sur¬ 
rounded by an aureole (q.r ) 

Aureolin ( Paint.) A bright yellow jngmeni used 
by artists. It is somewhat fugitive when c.vposed to 
light and air, is dissolved in acids, but unaffcctcrl by 
alkalies. 

Auric, Aurous, Aurum (Chem.) Aurum is the 
I^atin word for gold, and the symbol for gold. .4ii, is 
derived from it. The terms AuBic and .AukoUs are 
applied to the two classes of gold sjdts—auric 
chloride is AuCl,; aurous chloride, AiiCl. 

Auricles (Zoology). The two thin-wnlled chambers 
of the heart, into which the great veinr. open. 

Auriferous Deposits. A comprehensive name for 
all kinds of rocks whictj \iold gold in .any form. It 
, includes quartz reefs, and all of tlie many fonn.s of 
strata yielding detrilal gold. 

Auriferous Pyrites (Miu.) A variety of pyrites 
(a.V.) containing a workable! quantity of gokl. Nearly 
all samples of pyrites contain some gold, led it i.s 
more difficult of extractiem than when it exists as 
** free ” or metallic gold in the matrix. 

Aurora. A luminous appearance seen in the sky 
towards the ix)lcs; it is due to some electrical 
phenomena, probably of the nature of an olec-tTical 
discharge, and is accompanied by Magnetic iStokms 

Authentic (Musie). See Modes. 

Aliithor’s Proof (Typog.) Proof bearing tht* 
author’s corrections. 


Autogenous Soldering. The process of joining 
two pieces of lead (or other metals) by placing them 
together and melting the lead at the junction by 
means of a hydrogen flame. 

Automatio Ignition (Motor Cars). Firing the 
charge by the heat of the cylinder at the moment 
when the compression has reached its greatest 
value. An engine with this form of ignition re¬ 
quires special means of starting, and is, moreover, 
rather uncertain in action. 

Automatic Loom (Cotton). See Look. 

Automatic Yalves (Motor Car^ Valves which 
are worked by a difference of pressure belween the 
gases on the two side?, instead of by valve rods or 
levers. The admission valve in very many petrol 
engines acts in tliis manner; as the piston descends, 
a jjartial vacuum i.s produced in the oylin<ler, and the 
pressure of the mixture of air and petrol vapour 
opens the valve and rushes in. . 

Automobile. A general term fur a mechanically 
propelled carriage which carries its own motive 
f)ower. 

Auto-Transformer (Elect. Eng.) A form of. 
transformer (q.v.) with one. coil only, whose ends are 
connected to tiie mains, forming the primary. The 
secondary is furnished by making eonneclion to any 
two |)oints in the coil, thus obtaining a lower voltage 
but larger current, as in the ordinary transformer. 

Autumnal Equinox (Astnm.) The time when 
the sun (losses (lie cfjuator from north to south, 
passing through the First Point of Libra (q.v.) See 
also Eyt;iNOXE.s. 

Autunite (.1/fn.) A hydrous ]|liuspbate of nraninm 
and •!}'(Irate of calcium (f'aO. 31'.,O,) I'jOj. Slljt); uranic 
oxide=-r>(; t;0 ]>er cent,, pho.sp’'ioric aci(l = jier 

cent., lime ]j('r cent., waler= 15-20 per ctjxt. It 
crystalli.ses in yidlow rhombic ])1atc'.s. Cornwall, 
tsiebcngebinjre, Russia, United States. 

Auxiliary (Clorhs). A secondary compensation 
piece fitted to the balance’ of a marine chronometer 
to rc’duce the “niiddle temperature error.” 

Auxiliary Note (JIusir). An ane.'<.seiitial dissonant 
note, a scound above or below one of tlic notes of a 
chonl with which it is sounded. 

Avagadro’s Law states that equal volumes of 
, all gases at the same temperature and pressure 
i contain the same number of molecules. It is of 

■ fundamental importance in chemistry, as it follows 
, from it that if we weigh equal volumes of two gases 
j undei the same conditions, tlic ratio of these weights 
] is the ratio of the molecular weights. The molecule 
I ->f iiydrogen is believed to contain two atoms, so that 
I it.'' molecular weight is 2. H(;nce, if we find bow 
i many times h(;avier a given volume of a ga.s is than 
I die same volume of hydrogen under the .same con- 
I ditions, and multiply the result by 2, we have the 
i molecular weight of tlie gas. 

Avantail, aleo Ventaile (Arm.) Ttie movable 
I part of a helmet whirih covered the face. It was 
! supersede,(l by the visor in tlie fourtee.nth century. 

! Avellane (Afer.) A cross whose quarters re.semble 
' a filbert nut.. When placed on the mondes of royal 
I pcif'on.agcs, it is an ensign of sovereignty. 

I Aventurine, Ayanturine (Olms). A brilliant 
variety of glass of a brownish colour flecked with 

■ sTuall gold-coloured spangles. TliLs quality is pro- 
‘ duccdbythcaddilionofoxidcofcopper. Avanturine 
I glass was first manufactured at Murauo, near Venice, 

' about the year IfiOd. 



AVS 


3u 


AZU 


AYeatoriiie Felspar (Min.) A variety of ortho- 
olsae (q.v.) containing minute spangles of tetanic 
iron or limonite. 

Aventurine Quartz (Min.) A variety of quartz 
containing minute flakes of mica, which give it, 
when cut, a scintillating ap[)earance. 

Average. A mean or intermediate quantity. If 
there be n quantities, q^ q„, q,, etc., and their sum 
be Q, then the average value of these quantities, 
often written^, is given by the equation • 
t V, + < y. ■>?! .+ et^ ^ Q 
u ^ » 

Average Current (Meet. Muj.) The average 
value of an alternating current in the simplest case 
(that of a curve of .sines: tee Alteenatini: Cubbent) 
is 'fitST of the maximum current; but the effective 
or virtual value, the one required to be known for 
(fractieal purposes, as it is equal to the equivalent 
contirhious current, is -TO? of the maximum current. 
This value is obtained by calculating the mean value 
of the square of tlic ourrmit at each instant, and 
, taking the square root of this value. 

Averaant (Her.) A right liatid which is turned 
so as to show the Uack. >Sometime.s termed Dobsed. 

Avicnia (2k>ology). A genus of marine bivalve 
shells forming one of the sources of the mother-of- 
pearl used in commerce. 

Avoirdupois. The Englisfi .sy.stcra of weights. 
See Weights and Mkasubes. 

Axe ( Bvildimj, etf.) A large wood-cutting tooi for 
rough Work. Al«o a pointed liammer used by masons 
for dres.sing hard stone. 

Axed Arch (Buildiiuj). An arch with bricks 
roughly cut to shape, instead of being carefully 
“ rubbed ” to gauge. See alto Arch. 

Axed Work (Jivitding). Hard stone, .such as 
granite, which lias been dressed with an axe, 
leaving tjie surface somewhat ribbed or rough. 

Axes (Mill.'). Cryst.allographic axes are imaginary 
lines of indciinite length inter.seeting in a common 
tn-njin. Their relative length varies in the different 
System.*? (q.e.) They are iletermincd b 3 ' the optical 
properties of the crystal in the lirsl jdace. and, 
further, from a consideration of the ory.stal as a 
whole. In systems .showing symmetry the inter¬ 
sections of planes of symmetry are often crystal¬ 
lographic axes. From the ojitical point of view, the 
axis is a direction in a crystal along which there is 
only one index of reflection, and every ray jiaasing 
along or parallel to this direction obeys the ordinarj' 
law of refraction. 

Axe Stone (Min.) A synonym of Jade (q.v.) 

Axial Pitch (Mtg.) The pitch of a screw or helix 
(q.v.) measured parallel to the axis. 

Axial Relations (Min.). A term used in reference 
to the proiKirtionatc- lengths of the crystallographic 
axes and the angles Itetween them. See Sybte.ms, 

Axis. The centre line of a body, «r the line about 
which a figure or solid is symmetrical. 

Axle (J^ng., ctn.) A rod or shaft with or on which 
a wheel or other rotating body turns. 

Axle Box (AJng., etc.) The bearings or supports 
of an axle, combined with arrangements for lubri¬ 


cating the surfaces where friction occurs; practically 
a plummer block (tf.e.), with a large oil or grease 
reservoir. Commonly used for railway carriages. 

Azimuth (Astron.) The angle, measured horizon¬ 
tally, between a vertical circle through a star and the 
south point. 

- , Relative (Surveying). The relative azimuth 

at a point A of the two points b and c is the angular 
distance, measured to the right, between one vertical 
plane passing through A and b, and a second passing 
through A and c. 

Azinee. Are compounds containing the group 
shown in the diagram. The simplest azine, phena 
zine, is a jiale yellow crj’stalline ^ 

.solid with no dyeing properties ; 

but many of the azine.s are i™* 

portant dyes— e.g. toluylene red vi i yC 

(neutral red), 

(CHJ,N.C«H, <|> CA <Sh*’ 
is an important cotton dye. 

Azobenzene, C^H. — N N — 

'by reducing 

nrtToben'zene with alkaline stannous chloride. 
Bright orange plal es melting at 68“; insoluble in 
water, soluble in alcohol and ether. 

Azo Compounds. Compounds containing the group 
li,—X=X —Rj, where li, may be an aromatic residue 
and R, either an aromatic or fatty residue; e.g. 
azobenzene is CgHj—N=N —0,Hj. Many azo com- 
ixjunds are important dye.s— e.g. ebrysoirtine 

CgUj — X = X — C„H, See also CONGO Bed, 

Methyl Orange, and Dyes and Dyeing. 

N 

Azoimlde, || XH (Ilydrazoic Acid). A colour- 

less liquid with penetrating smell, boiling at 37“; 
soluble in water and alcohol; explodes violently on 
heating. It is a strong acid; the salts with heavy 
metals are very explosive. May be obtained in 
aqueous solution by psishuig ammonia gas over sodium 
at 200 °, forming sodaiuide; then passing nitrous 
o.Kide over the sodamide, dissolving in water, acidifying 
with sulphuric acid and distilling. Water is removed 
by fra<'tional distillation, and then by calcium 
chloride. Also by action of nitrous acid on hydrazine 
(q.v.) and from amino-guanidine. 

ca-x-n-ca- 

Azoxybenzene, \/ 

O 

Long yellow needles melting at .^G“. Obtained by 
reducing nitrobenzene with alcohol and sodium 
amalgam. Heated with iron filings, it gives azo- 
bonzone, 

Azulejos. Wall tiles imitating mosaic work, made 
by the B[ianish Moors in the fourteenth century, 
though some have been found in.'^de in the sixteenth 
century. Brilliant enamel colours were used. Ex¬ 
cellent examples are to be seen in tlie Alhambra 
Palace, Crania. (2) A kind of glazed Dutch tile 
painted in colours. 

Azulmlk Acid, f’^HiXsO. A brown powder formed 
when a solution of cyanogen in water is allowtsl 
to stand. 
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Anm {Her.) Blue. It is geaexally contracted 
to or, and is indicated by bori* 
sontal lines in drawings. 

- {Paint.). Fine bine colour 

— eg. that of the sky. The name 
is sometimes given to cobalt and 
ultramarine. * 

Azurite {Min.) The blue car¬ 
bonate of copper, 2CuCO,. Cu(OH)j, 
containing about 73 per cent, of 
oxide of copper; monosymmetric; deep blue in colour; 
it also occurs in the massive form (y.o,) Tt is a valu¬ 
able ore of copper when in workable quantity. It is 
used to make the pigment mountain blue. Cornwall, 
etc., in Britain; Ches.sy in France; Siberia; llurra- 
Burra in South Australia, etc. 


B {Elect.) Symbol for Magjjetic Induction 
(?■'••) 

B {MetaUiirgy). The letter B is used to denote a 
quality of wrought iron; B.B. and B.B.B. indicate 
superior grades. See iBON, \Vbou<jht. 

B {Music). The seventh note in the scale of C. 

BabUlt’s Metal {Eug.) A white alloy largely com¬ 
posed of tin, used for linii^ bearings to diminish the 
friction. A good composition is tin 96, antimony 8, 
copper 4 parts, by weight. 

kboook ft Wilcox Boiler. See Boilers. 

Baccate Froite {Botany). Succulent fruits usually 
termed berries, in which the seeds are embedded in 
a soft pulp. The date, orange, grape, currant, melon 
are examples. 

BaoUU are micro-organisms, rudlike in shape. 
Many diseases are caused by organisms belonging 
to this group, as tuberculosis, typhoid, diphtheria, 
anthrax, influenza, etc. Sec also Bacteria, Anti¬ 
septics. and Disinfectants. 

Back (Build.) The extrados (f.e.) of an aich. 

- (Chrjf.) The to]> surface of a handrail, 

rafter, or any inclined timber. 

Balance {Eng.) A disc-shaped weight used 
to counterbalance a loose eccentric which has to he 
moved on its shaft to reverse the engine ; formerly 
commonly used on the engines of ])£id<ne steamers, 
but nearly obsolete owing to the n.se of J. 1 INK 
Motion (?.».) 

Back Centre {Eng.) The “ loose centre" or right- 
band support of the work in a latlie. 

Back BleotromotlYe Force (Fleet. Eng.) See 

Counter Electromotive J^iucf. 

Back Firing (Eng^ Moim- Cam, etc.) The 
explo&itfh of the gas in the cjUnder of a gas engine 
while the piston is performing the return stroke; or 
the explosion of uubnrnt gas after its rcloa.'-e from 
the cylinder, before it escapes from the ejchanst 
passages or from the silencer. 

Ba^ Gear {Eng,) An arrangement of gear wheels 
on the headstock of a lathe by which the velocity 
of the mandrel is made much loss than that of the 
coned pulley through which the power is transmitted 
to the lathe. A pinion fixed to 1 he pulley, which run.s 
loose on the mandrel, drives a wlieel on a parallel 
shaft, and a pinito keyed to the latter shaft drive.s 
a wheel keyed to the mandrel. When the reduced 
speed is not required the parallel shaft is thrown out 
of gear, and the loose pulley is fixed to the gear 
wheel <Hi the mandrel. For very l%rge lathes extra 


gearing for still further reducing the speed may be 
used. 

Back Hearth {Build.) The portion of the hearth 
between the jambs, ijs. beneath the grate. 

. Backing {Photo.) Coating the back of a glass 
plate with a dull black substance, in order to prevent 
balatiun (q.v.) 

Backing Boards {Bind.) Wedge-shaped hoards 
made of hard wood, sometimes foced with iron. 
They are inserted between the book and the press in 
such a posftion as to help the binder when shaping 
the back of the book with the backing hammer, 
previous to bintling. S^ Bookbindinu. 

Backing Off {Cotton Spinning). The reversing of 
the spimlles on a mule so as to unwind the short 
length of spun thread coiled round during the 
oporalion of twisting and drawing out, previous to 
again winding on to build up the CoP (q.v.) 

Banklaah (Eng., etc.') The amount of free move¬ 
ment between the two elements of apiece of gearing— 
e.g. in the case of a wheel and its pinion, the .amount 
that one can be moved before the other commences 
to turn, or in a screw and nut the amount that one • 
can be turned before, the other begins to advance. 

Back Lining (Carp.). The framing covering the 
wall under the window bf.-ard. 

Back Observation (Sunrying). One made in a 
direction contrary to the order of a survey— e.g. one 
in w'hich the eye is applied to the north sight nf a 
miner’.s dhal and not to the south, as in “Fore 
Observations." 

Back Pages (Typog.") The pages of a printed 
sheet hearing even numbers are termed back i-r 
*• \ erso ” pages. 

Back Painting. See Crystoleum. « 

Back Pedalling (Cyeles). (.'becking the machine 
by pie.ssing tin the lising pedjil; much jjractincd by 
the riders of brakeless machines, but impossible on 
a free-wheel. In the latter case, however, a 
mechanical brake may le litced, which i.s actuated 
by back-perialiing, tlie motion being givtSi to the 
brake by a clutch on the axle which comes into 
action on pressing the pedals backward. St'C also 
Cycles. 

Back Plate (Arm.) The piece of armour which 
covered the back of the wearer. 

- (Moulding). A plate fastened to the back 

of moulding boxes to strengthen them when the 
molten nudal is poured in. 

Back PrcBSUPe (Eng.) The pressure in a cylinder 
due to the stojim (or exliaust gas) which is still 
e-scaping by tlie exhaust port. Shown on the 
indicator'diagrara by the height of the bottom line 
of the diagram above tlie utnio.spherio line (q.v.) in 
non-conden.sing engines, or above the line of no 
pressure or absolute vacuum in condensing engines. 

Back Putty (Build.) The putty put in the rabbets 
of a sasb before the glass is inserteil. 

Back Rest {Cotton Weaning). The back erossrail 
or r./ller of loom over which the warp passes in a 
horizontal direction to the hcalds and reed. 

B aeka A quarryman’s term for one set of Joints 
(q.v.) tiaversing a rock, the other set being known as 
("utters. 

Back Saw. Any saw (e.g. a tenon saw) whose 
blade is sUlfoned by a bar fixed along one edge of 
the blade, the teeth being on the other edge. 
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Back BtSiy, or Back B«st iE^.) A support 
for long work (r.^. shaftiag) which is being tamed in 
the lathe; it prevents the work from springing awq.y 
from the cutting tool. It travels with the slide rest, 
so as to be near the tool and close behind the point 
at which ]>re3sure is being apidied. 

Back Stops {Cotton Spinning). Buffers, used to 
prevent the mule carriage from going beyond a 
certain point during its inward mn. 

Baekvard Ecoentrio {Eng.') The eccentric used 
wlien the engine is reversed— i.e. one of the pair 
always used with link motion. 

Backward Lead of Brakes {Elect. Eng.) See 
Lbad or Bhushes. 

Backwasher {Woolle^i Manufnr.) The machine 
through which the wool is passed after carding. It 
consists of the troughs containing the cleansing 
solution and of a number t)f hot drying cylinders over 
Viiich the wool (wsses to a gill box. 

Backwater Pump. A ]>ump used in the manu> 
factnre of paper for conveying surjdus water 
obtained from underneath the machine wire. 

Bacteria. Minute uaicellnlar [ilants devoid of 
chli>To[)hyll {ti-v.), and of a Tabahitic or i^apbo- 
PUyTlC iiabiT (see i'.AIIAHTTEH awl Sapbophytios). 
Tliey are fuund every win re in nature. They 
attach themselves to the surface of iwcry substance, 
ami are present in varying nmnliers iu air, water, 
etc. Tiiey are broadly divided into two classes— 
those tUai pro<luce <ii..:easM (the I’.ATIIOGHKK’ Bac- 
TEBIA >,and the harmless onc.s (the Nox-rATHOGliNlC 
li.\CT!Ji:iA'). Witliconditions suitable to ihcii growth 
and di'velopmont tliey raiillijily with incredible 
raiiidity. It i.s calculated that nearly seventeen 
nullc 1) organisms are ])ro<luccd from one cell during 
tweifty-four hours. Sunlight, heat, and certain 
choDiic.ll agents are destructive to niuny of these 
germs; tlieir destruction is termed tsTKBlLlSATioX, 
anil a substance cajiahle of destroying them i.s 
termed nn antisr*ptic, or in ordinary language 
“ disinreotant," tlie latter voiil being also used in 
a Siunctt^iat, wider sense. 

Bacteriological Examination of Water. Tt is 

recognised tliat cerlaiu Zymotic Diseases (y.r.) can 
be yirodnced by a contaminated water supply. Tliese 
discasc.s are due to pathogenic bacteria {»ee 
llACTKUlA). The prosciice ofthc.se di.sease-prodn. ing 
organisms can only be determined by bacteriological 
examination. J( is extremely important, therefore, 
that water .should lie examined botli chemically and 
bactcnologically. 

Baculus (.Art. Archmol.) Literally .a .stick; the 
long staff or rod used for support or as a sjmbol of 
power. 

Bad Colour ( Typog.) When too mucli or too little 
ink has been used. 

Bad Copy ( Typog.) A term applied to badly 
writto.i M^, 

Badge (=t\>gnisance in Jiee.) Originally a dis¬ 
tinctive device borne by the followers of a kniglit; 
used later to identify the property of a person and 
as a sign of office, A ba4gc cannot be regarded as 
armorial bearings. 

Wadgan Plane ( Carp.) A plane used for working 
wide rabbets-. 

Badgers (Paint.) Brushes made of badger’s 
bait. 


Badgw Softener {Jleo.) A brood flat brush the 
hairs of which are set to spread outwards, so that 
they may be lightly drawn over grained ’.work 
daring its progress to softon down tue edges and 
smooth the marks representing the grain. 

Badigeon {Build.) A mixture of plaster and stone 
used primarily for mending cracks in stonework. 
Afterwards used as a kind of paint or distemper to 
colour plaster work. A similar term is used for glue 
and sawdust worked up to repair woodwork. 

Bad Hatter {Typog.) A term applied to type 
intended for distribution. 

Baffle Plate or Baffler (Eng., etc.) A plate fixed 
in the path of a moving fluid (liquid or gas) to check 
or alter the direction of flow. In furnaces it directs 
the hot gases (and therefore the flames) against 
parts required to be heated, instead of allowing 
them to pass directly along tlio flue. 

Bag and Spoon Dredger ( CivU Eng.) A dredging 
appliance resembling a large butterfly net, the ring 
round the net being strong enough to loosen material 
from the bottom of the river or channel. 

Bag Hides {Leather Monvfac.) Hides tanned for 
bag work. Light or half-taunoii hides are ^plit with 
a splittkig macljine, which divides the hide into two 
“splits.” Tlie upper or UBAiN Split is used for 
bag work after being fully tanned aiifi dyed. The 
lower or Flesh Split is used for insoles and 
stiffeners in boots. 

Bagshot Beds {Oeol.) The Eocene strata which 
succeed tlie London Claj in tire South of England. 
They are of imirine origin and mostly consist of 
sands, which range to about 120 ft. in thickness. 
They :ii> rcpicsente<l in Belgium by the Syst&mc 
ypr^sian infdrieur, .and in the Paris Basin by tiie 
Lits Goquilliers. Bed.s of the same age aro well 
ex))osed in the Isle of Wight. 

Bainbergs (Arm.) Extra defences for the shin, 
in.ido of iron or le.ather, and buckled over chain 
armour. Superseded eventually by greaves. 

Baize. A coarse woollen material witii a long 
nap, inanufatdurod in Yorkshire. 

Baked ( Tgpog.) Said of type when caked together 
and liard to distribute. 

Bakehouses {ITygiew). The Factory and Work¬ 
shop Act, 1901, contains a long series of enactments 
for sanitary regulation of bakehouses. Tliis regula¬ 
tion is a matter of considerable importance, not ouly on 
account of the large numlier of men employed iu the 
trade, but also on account of the importance of 
bread as an article of food. An underground bake- 
hou-<c cannot be used as such (Section 101) now 
unless tho sanitary autliority certifies that it is 
suitable as regards construction, light, ventilation, 
and all other respects. 

Baking {Pot.) Firing the objects made of clay, 
wliich Would otherwise fall to pieces when dry. See 
Risque Oven, Glost Otbs, Bxamel Kilx, bto. 

Baking Powder {TTygime). Oenerally a mixture 
of bicurbouatc of so^, tartaric acid, and some form 
of starch. When this mixture Is moistened it gives 
off a quantity of carbonic acid gas, which aSratea the 
bread and makes it light. 

Bala Beds {Ceol.) Rocks of 1?pi>er OrdovioiSto 
age, typically developed in the '%ala district of 
North Wales, They include rocks of both sedimen¬ 
tary and volcanic origin. In the typical district 
tiic'y are richly fossiliferous, and these fossils include 
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a great variety of graptolites, which oconr in dark 
Rtiales in deep water. An extensive suite of 
Brachiopuda and Trilobites is found in the other 
types of sediments. 

Bsdanoe {Phytiet, Ohem.,etc.') A delicately poised 
beam or lever of tire first kind, with equiil arms, 
constructed so that the centre of gravity of the beam 
lies below the level of the fulcram. From the ends 
of the beam hang the scale pans, supported by slings 
which turn on knife edges, so tl»at they always hang 
vertically. See aUo Bphino Balancb. 

- {Paint.} General harmonj' in a picture. 

- {Watches). The “fly wheel’' of a watch, 

chronometer, or portable clock. 


Balance Box {Eng.) A box containing the 
weights used to counterpoise a balance crane {q.v.) 

Balance Crajie {Eng ) See Cbaxes. 

\ Balance Cylinder {Eng.) A small cylinder (jon- 
taining a piston attached to the valve rod of a large 
vcitic^ engine to neutralise the weight of the valve 
and rods, and hence to render the valve easier to 
move. The weight of the main piston is also 
baLonced in the same way in some engines. 


Balanced Steps {Carp.) i \ \ i / 

The method of arranging the \ \ ./ / 

steps of geometrical stairs to S. 

increase the going (width) ^ 

at the small ends of the _J_ 

winders, and to give a better _i_ 

falling line to the handrail. ; ! 

Balance Gear 

Dit’FEBENTIAI. tlEAH. _ j.in: 

Balance Spring or Hair _L_9 

Opting {Watrhmaking). An BAtAJ!* m .Stw-s. 
elastic spring attachcii by one 

end to the collet of the balance, the other end being 
fastened to the stud on a fixed part of the nu)ve- 
ment. Its use is to restore the balance wlun’l to its 


nAi.AN'< m .STi;p.s. 


position of rest after it has been displa<‘ed. Sec also 
Balance and Balance Wheel. 


Balance Weight {Eng.) A weight used to balance 
moving part.s wlicn luntiing {see Balascinc) or 
merely to render some jx^rtion of a niachiue easier tf» 
move by hand, or to relieve any stnnduro of undue 
stresses. An example occurs in the bahmee crane {q.v.) 

Balance Wheel ( Clochs and Watehex). The regu¬ 
lating wheel of a watch or chronometer, who.se 
alternate movement in opposite directions fulfils the 
function of a pendulum. It constantly tends to 
return to a fixed position of rest under the influence 
of a spiral spring attached to its axis (the lialance 
spring or hair spring). 

Balancing of Machinery. The adjustment of the 
moving parts so that the forces on the bearings, axles, 
etc., due to the movement, remain as nearly <x>nstant 
as possible. I'hus a mpidly rotating wheel is properly 
balanced when it i.s absolutely symmetrical about its 
axis of rotation. - Any nnsymmetrical portion {e.g. a 
' cmnk pin) must be compensated by the addition of 
a suitably adjusted counterpoise weight on the opp<i- 
site side of the centre. A truly balanced machine 
should run wdthout vibration or rocking when freely 
suspended in the air by chains or other means, and 
this test can actually fe applied to many pieces of 
mechanism. 

Balai Buby (Jlfta.) The rose-coloured variety of 
SPIKEt. {q.v.) Used as a gem. 


Balato {Botemy). JUimutqpt jsalata (order, Sapo- 
tacete). A guttapercha from the stem of the 
Brazilian nulk tree. It was introduced to replace 
the ordinary guttapercha. 

Baldachino, Baldachin, or Baldaquin {Arohiteot.) 
A canopy. Generally used to denote the canopy over 
an altar, which is usually supported on columns, but 
occasionally suspended from the ceiling. Also known 
as the CiBORiUM and as the 'I’abbbkaclb. 

Baldric ( Cost.) (1) A shoulder-belt, whence baldric- 
wi^e, wornacro.ss one shoulder and under the opposite 
. arm. (.lenerally us»xi to suspend weapons. (2) The 
leather by which the clapper of a bt-y was at one 
time suspended. In olf. churchwarden accounts the 
term freijuently recurs, as use soon wore out the 
leal her, iiccos.-sitating renewal. 

Baldwin’s Phosphorus. Calcium nitrate. Calknl 
Baldwin’s I’liosphorus because Baldwin observed th.at 
when heated it becomes ])hosphorescent, though it 
has no relation whatever to pho>i]>horus. ^ 

Bale Breaker (Cotton Spinning). A machine used 
in the blowing room for loosening tbe matted fibres 
in llie conipre-ssed Itale. The.re are two kinds : (1) the^ 
.-piked roll<T ; (2) hopper b-ed. 

Balk {Enq., Carp., etc.) A log of timber roiighly 
squared up by the axe. 

Ball {Metallurgy). 'I’he mass of sftongy wrought 
iron collected from the puddling furnace (y.r.) ready 
for hammering to expel slag and consolidate the 
iron. 

Ballast {Eng.) The loose material laid on the 
surface of a pennaneiir way (c/.c.) to steady the 
.sleept^rs and t<* help the drainage of tlie line, I'suiilly 
broken slag, eitaler, stone, etc., of a depth of 18 
in. Also the material placed in empty cargo 
vessels to sink the hull to a depth nece.-.sary to 
ensuie .stability. 

Ball Bearings {Cycles, Cars, etc.) Any bearing in 
which the. bearing surfaces .nre separated by sni.all 
bardened .steel spheres, turned very true. Frequently 
tbe bearing surfaces form a hollow and a solid cone 
with the balls between th*in ; or the liallt run in a 
channel of hemispherical section termeil a “ball 
race.” See also CyCLE.S. 

Balled Warp {Cotton Weaving). A warp or 
number of tbreaiis coiled in the form of a large ball 
for easy tmn.sil and handling. 

Ball Flower {Areliiteet.) A 
small ornament of spherical 
.shape u.sed at intervals in a 
hollow moulding. It wa.s used 
freely in I>eeorated Gothic 
work, ami occa.sionally in the 
Early English jieriod. 

Bailing, Balling 'Op{Metal- 
lur/fy). The formation of the ball of puddletl iron 
(q.v.) 

Ballistic Pendulum ( Phys., Meehanies). A heavy 
l)enduluin, with a IsiO adapted to recebe and retain 
a ftrojectile fircfl into it. By oh,serviiig the vertical 
di.stance the bob rises, and knowing its wc-ight we 
obtain the kinetic energy of the projectile, and 
hence its velocity at the moment of impact. A 
modified form of ballistic jiendulum is also used for 
experiments on falling bodies. 

Bali Joint {Eng.) A joint in which one member 
forms a part of a sphere fitting a corresponding 
hollow in the other-; it allows play in all directions 
except along the axis of the two members. 



Bali, Fi.owf,i<. 
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Ballooniatf (^Cotton Spinning). A defect in ring 
epinning caused by the high velocity of th«f ring 
traveller. This has the effect of causing the spun 
thread to fly outwards as it winds round the bobbin. 
Guards are fixed to counteract this, of which there 
are several kinds. 

- The lifting of the sediment in a steam 

boiler by tlic action of the steam. 

Ball Pane. 8p.e Hammebs. 

Ball Race. See Ball Beabinqs. 

Ball Valve (.Eng.) A valve in the form of a 
sphere. It can turn round in its scat, thus securing 
more uniform wear. 

- {Plumb.') A’cock uscS for supplying water to 

cistorns, governed by a liollow ball, fixed to the end 
of a lever. As the water rises above a given level, 
the ball raises the lover and closes the tap, the 
falling of the water level opening it again. The 
cistern is thus kejfi filled to a constant level. 

Balaam of Peru. Toluifera {Myroxyloa) jjereiree 
(order, Legumimtie). An exudation from the stem 
after removal of the bark. Used meilicinally. See 
aho BAJ.SAMS. 

Balaam of Tolu. 'Muifera {JUyroxylon) punctata 
(order. Leyumimitfr'i. A balsam obtairn-.d by incision 
of the b-urk, Jt is used in medicine. See alee 
B.iLSAM9. 

Balaams. Exudations from certain plants; they 
contain benzoic or cinnamic acid or both, u volatile 
oil. generally a benzoic or cinnamic ester, Jind a 
resin. Most important balsams ate gum benzoin, 
containing much benzoic acid (g.r.). Balsam of 
I’eru, Balsam of Tolu, and Sforax, which contains 
Styrene, : (.TIj. They are reddish-brown 

solid or semi-solid suVistances, insohiblc in water, 

but wluble in alcohol. 

• 

Balteua, pi. Baltea (tost.) The shoulder lielt 
useil by the Boiuans. and fiom which hung the .sword 
along the left hip. 

Baluster (Arrhi- 
tert.) (11 A kind of 
small cixiumn used 
in a scries, with a 
capping, to form a 
protective fence. (2) 

A roughly formed 
mid-wall shaft usutl 
in belfry windows in 
Saxon architecture, 

(3) The return ]>art 
of the Ionic volute. 

St'c AN(iLt) - Saxon 
and Bolkteh. 

- (Carp.) A 

slender column supporting the handrail and con¬ 
necting it with the .stairs oi landing. 

Baiuatrade (Architect.) A series of balusters, 
upon which a capping rests, either forming a pro¬ 
tecting fence or employed merely as an ornament. 

-( Girp, and Join.) A row of balusters capped 

by a handrail. 

Bambocoiata (Paint.) A representation of ntstic 
or grotesque scenes not ^ways of the highest order. 
Bamboccio (a dolt) was the nickname of ITcr van 
Laer, who painted many of those scenes. Teniers 
and Van Ostade have also painted similar pictures. 

Bamboo. Bamhma (order, Graminea). This ex¬ 
tensive genus of giant grasses has many economic 


uses, particularly in the East, where they furnish 
material for building and for every domestic use. 

Bamboo Framei (Cyelee). Bamboo rods have 
been used to replace metal tubes in cycle frames, 
for the sake of lightness, but are not likely to 
become general. The lugs are sometimes made of 
aluminium. 

Bantma. Musa sapientum (order, Mueaceee). The 
seedless fruits of one of the most valuable fond 
plants known. The fibres of the stem and leaf stalks 
are used for cordage. 

Banca Tin or Straits Tin (Met.) A pure ore 
from Malacca and Banca; the best tin found. 

Band (Arohitret.) A flat member or moulding 
larger titan a fillet, but smaller than a fascia. In 
Clothic architecture, a flat moulding t>r a series of 
ornaments forming a string course. 

- ( Cost.) The collar which succeeded the 

uncomfortable ruff. It still survives as part of a con¬ 
ventional diess, whether academical, ccclesiasticaV 
or legal, and is now termed bands. “Band-box” was 
formerly the light box in which bands were kept. 

- (Png., etc.) A flat driving belt; also applied 

to any thin stiup of mi'tal or other material fixed 
round the circumference of an object. 

Band Brake (Png.., Motor Cars, etc.) A band of 
steel (sometimes witli wood blocks along its inner 
■-idc) fitting round a <h-um on the shaft; one end is 
fixed to the frame of the machine, the other to a 
lever by which it can be drawn tightly round the 
drum to check its rotation. Band brakes are much 
used on motor oars. 

Banded (Her.) When the tie or fillet, which 
hinds a heaf of corn or arrows is of a different 
tincture from the sheaf, the sheaf is said to be 
“ l)aruled of that tincture.” 

Banded Structure (Qeol.) This term is merely 
desciiptivo of an appearance in the rock under notice 
which is due to a parallel arrangemeut of layers of 
dilTcri-nt chaiacter. It is. however, coming into use 
in a more restricted sense, as descriptive of the 
parallel structures observable in gneisses, which are 
due to alternate folia of different mineral composition. 

Banderolle, Banner Roll (Her, etc.) (1) The small 
streamer w'hich hung from the crook of a crosier, 
and was gencniliy wound round the staff; (2) flags 
al>out 3 ft. square carried at funerals; (3) long 
bands used in scrollwork, etc.; ( 4 ) the streamers 
rroiu u lance. 

Bandoleer or Bandolier ( Cost. ) A shoulder bdt 
with loops in which cartridges are carried. 

Banda (Bind.) The cords to which the sheets of 
a ^olumc are sewn. In flexible sewing the bands 
appear in the back, but when the sewing is so 
executed that the cords are imbedded in the back, 
the appearance of raised bands is obtained by glueing 
strips of leather across the back before binding. 

- See Band ( Cost.) 

Band Saw (Carp., Eng.) A thin, flexible, ribbon- 
like saw, with its ends brazed together, and driven ^ 
over revolving pulleys, between w hicb is a table for 
the work, with a slit for the saw. Used chiefly for 
wood, but sometimes for metal. 

Bai^o. See Musical Instbumentb : Stbino. 

Baojo Frame (Eng.) A short connecting rod 
made of several bars joined in a kite-shaped frame. 

Bank (Tgpog.) A table or bench on which sheets 
are place<l as printed. 



Balcstkii, .Saxon. St. Bknkt's, 
CambriTjcs. a. I). 1000. 
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li^iikA»» (Building). A^mason’s or plasterer’s bench. 
Banking of Oyole Traek* (C^elet). The raising 
of the ouiur edge of a bend in the track to counteract 
the oentrifagal force, •which would otherwise carry 
the machine off the track when trying to turn round 
a l)end. 

Kanfclng Uf (Ah^.) Covering a bright dre in a 
boiler with a closely beaten mass of^mall coal, to 
secure slow combustion when little or no steam has 
to be produced. 

Banner (Her.) A largo flag, square in shape, on 
which was a coat of arms or device. One edge was 
attached either to the staff or to*a rod pendant from 
the top of the staff. 

BaptisteFjr (Architect.) A building, or part of a 
bfiildmg, in which the rite of baptism is or wa.s 
administered. In Early Christian obnrehes the 
baptistery was a separate building kejit quite 
distinct from the basilica (q.r.) 

Bu etc.) Usually a rod of metal of various 
farms of cross section. Also applied to many parts 
of finished structures or machines. 

'- (Her,) A diminutive of the fesse; it only 

eocupies one-fifth of the field. Jt is horizontal. 

- (Lace Manufacture). A term applied to most 

of the longer parts of a lace machine, but when nsed 
without a prefix generally means the .steel or guide 
bars—thin ribbons of steel with holes or perforations 
at certain accurate intervals. 

- (Marine). A bank or ridge across the mouth 

of a harbour or inlet; not necessarily reaobing the 
surface at any point, but sufficiently near i o iitipede 
navigation. 

- (Jlfasic). (1) A perpendicular line drawn 

across the stave, immediately before the strong 
accent; (2) a measure of music contained between 
two pctrpendicnlar lines at'r<>.s8 the stave. 

Bar Armatore (Elect. Eng.) A large armature 
in which the windings are built up of copper bars 
instead of continuous wire, which would have to be. 
of too large a size to be convenient. The connections 
to the commutator anti between different bars are 
made by copper strips of suitable sba]je, attached 
to the bars by well made soldered joints. In the 
case of alternating current motors the rotating portion 
is often constructed in a somewhat similar manner, 
but the connoctibns between the ends of the bars are 
much simpler, fine Monophase and Polvphase 
Motoes. 

Bwbadoet Tar or Jew’s fitch. The mineral 
itoh impoi'ted from Barbado(»; from it Ks made 
lack varnish. See alto Bitumens. 

Piece of white jdaited linen |)a.s.sing 
cither over or under the chin, aceording to the rank 
of the lady wearing it. Was generally worn by 
widows, and still w'oni by nuns, 

Barbotine (Pot.) Kaolin clay worked into a pa.ste 
or slip from which objects can be mouhled. Used 
for the decoration of pottery. Sometimes used for 
^the vases, ctc .,*80 ornamented. 

Barded (Her.) A horse covered with armour is 
said to be “barded.” 

Bara (Eng.) A term somewhat loo.v6ly used to 
indicate a disienrion somewhat smaller than its 
nominal size; the egression should be avoided 
when possible. 

. . B«Mifaoe T^on (Carp, and Join.) A tenon with 
shoulder on one side only. See XENON. 


BavfPs Prooeis (Eng.) irep i protected from or¬ 
dinary red rust by heating to remtess and exposing 
it to steam, thus producing a coat of the so-called 
magnetic oxide of iron, Fe,0^. 

Barge Boards (Carp.) The boards fixed at the 
gable end of a roof, forming a lining betweoi the 
roofing material proper and the interior. 

Barge Course (Buildmg), The row of tiles or 
slate.s over the gable. 

Baritone (Mtiric).^ (1) A. male viice between a 
bass and tenor; (2) a brass instrument. See Musical 
Instruments: Saxhorn. 

Barium, Ba. Atomic weight, l.’iT'A A silvery 
white metal which fapidly oxidises in ahr and 
decompo-ses water. To obtain it a solution, of 
barium chloride i.s electrolysed with a mercury 
kathode, and the barium amalgam so obtained is 
heated in a porcelain tube by means of a platinum "wire 
kept at a temperature of about 1160° by an electric 
current. The mercury volatilises flrst^ and tl^n the 
barium, which is nearly pure. Barium does not 
occur native, but in combination it exists in many 
minerals -e.g. ltARYTE.s, Withehite, Babyto Cal- 
ciTB, Alstunite (fj.v.), etc., etc. 

Barium Compounds. Barium Uxides, BaO, ob¬ 
tained by caretully heating the nitrate, is a white 
solid having tlio projierties of a typical basic oxide 
{»ce Oxides). Combines witli evolution of much 
heat wilh water to form Barium Hydroxide, 
Ba(OH).., a white powder more soluble in water than 
slaked lime ; tlie solution is called Baryta Watek. 
Barium Dioxide, BaO,„ U prodnee<l by heating the 
monoxide in air or oxygen. It is a typical peroxide 
(see O.XIDES and Brin’s ]'iiocE3.s). Barium Sul¬ 
phate, BaKO^, is an insoluble white powder, and 
the chief source of barium compounds. Healed wilh 
charcoal it forms Barium Sulphide, BaS„a white 
solid which dissolves in dilute acids, forming the 
corrcsponiling salt and sulphuretted hyilrogen (sec 
also Boloonian Phosphorus, Barytes,' and Blanc 
Fixe> Barium (btLORiDE, BaU].^IIjO, a white 
cry.'-talline solid which may be obtained from the 
sulphate as indicated abi>ve; its solutiod is used 
as a test for soluble salpliates, which form with it 
the insoluble barium siilph.'ite. Barium Nitrate, 
Ba(NOj,)j, a white crystalline solid n.sed in making 
“ green lire,” and also as a test for .sulphate; may be 
obtained from the sulphate as indicated above. The 
soluble barium comiwunds are poisonous. See aim 
Barytes. 

Bark (Botany). The dead tissue formed on the 
outside of the cork cambium. It often contains 
waste products, alkaloids, tannin, resins, etc., and 
consequently is of great economic value. 

Bar Lathe {Eng.) A small lathe whose bed 
consists of a single bar of triangular or rectangular 
section. 

Barley. Hordeum vvlgwre (order, Qrammem). 
Several varieties of the species are cultivated; tlie 
two-rowed barley is the most common, while the six- 
rowed variety (known as Bcre or Bigg) is more 
grown in Scotland. The hardiest is the four-rowed 
barley. . Barley grain consists of four envelopes. 
The presence or absence of the husk determines the 
commercial preparations. Barley meal is prepared 
from the whole grain; pearl barley (which is used in 
making barley •water), Scotch and milled barley are 
deprived of the husks. Oakes made from barley are 
found to be of less nntritive value than those made 
from wheat. 
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Barlov't Wlwel (^lect.) .A copper disc |dvoted 
between tiie^ poles of a permanent ma^et. if a 
onrrent be caused to flow along a radins of the 
disc, the latter rotates ; if the disc be rotcdied by 
met^nical means, a current is set up. The 
instrument thus acts either as a motor or a 
dynamo. The.plane of the wheel and the direction 
of the current arp at right angles to the plane of 
the magnet; thus the lines of force, the current, 
and the direction o% motion are mutually at right 
angles. 

Baaunen Machine {Laoe Mamfoo!) So named 
from “ Jlarmen ” in Germany, where it is principally 
made. It a <leveIopmeij|; of the ‘*<lolly" or 
braiding machine, and produces a clover imitation 
of “ Torchon ” lace. In its latest improved fonn the 
pn)duclion can scarcely be distinguished from the 
“ real article. Manufacturing centres, Barmen and 
Nottingham. 

Bar Mill ( A'ay.) Bolling mill fur producing bars 
of in* or stt-cL 

Barograph (^Phy*., etc ,) An instrument for con- 
tinuotish recording the lieightof the barometer. In 
tins simplest form the levers of an aneroid (jute 
BAUOMHTiiiBS) mark the height of the barometer 
(i.e. tlie atmospiieric pressure) upon a rotating 
drum ; when a mercurial barometer i.s u-se l, a strij) 
of ficusitiw'd paper niay be drawn slowly past the 
top o( the ineroury, and a line will be left showing 
the boundary of the shadow which marked the 
height of tin- mercurial oolumfl at each instant. 

Barometer. A barometer is an instrument used 
for measuring the pr<*s.sure of the air. The simplest 
form Is shown in tig. 1. li consists of a vertical tube 
something over 80 in, high, closed at the top. 
This is filled with iner- a 

curynnd inverted with ^ 

its open end undei the i 

surface of mercury con¬ 
tained in a .'•hallow 

vessel, A. T;;e mercury 0 

iu the tube falls to a S 
height -tn. which is 
usually botwecen 2S 
and 80 in., according 
to the pre-.suie of the 
air. Ti.e .space above 
u in a properly l on- 
strncted barometer is 
a very perfect vacuum, 
and is usually tt'rmed 
the Torricellian Vac- 
uum, after its dis¬ 
coverer. A more con- 
verfiout formof^ 

barometer consists of 1 | I 

a tube bent into the * jjm I 

form shown iu fig. 2, 
tenned the Syphon 

Barometer. The tube j.-,,, ^ r n. n. 

is fin-^t completely simple F. baStek. 
filled with mercury and Baiombtek. 

then placed iu a vertical position, the superfluous 
mercury being allowed to flow out at d. The vertical 
height between the levels pf the mercury at A and b 
is in this case the height of the barometer. It is 
necessary to note that in this ca.se a fall of half an 
inch at b will be accompanied by a rise of half an 
inch at A, and therefore the total height will have 
been diminished by 1 in. If, then, a fixed scale 
is attached to the longer tube, it will liave to be 


r c . 
Svpuos 
Bauokbter. 


divided into half inches, and^eaoh half isefit numbered 

as if it were 1 in. In many bases a small .flifut 

rests on the surface of the mercury at A,, and ai.,Poid 

attached to this float 

turns a revolving 

pointer, which indi- 

catcB the tieight of the ^ 

barometer on a gradu- 

ateddial, Foraocurate f ~ li - - = <=7 

work a modified form 

of the cistern baru- ^ 

meter devised by Fortin 
is frequently used. Tn 
barometer the 
the mercury in the 
cistern is first adjuster! 

to a con.stant level. J'' ^ An 

The means of doing [ 

this are sliown in fig. 3. . " -i, % _ j--. — ~ 

The barometer tube A c 

passes into a cistern/B), . 

of which the upper part 
IS of glass. The mer¬ 
cury in this cistern i.s retained by a false bottom, 
formed by a flexible sheet of leather (0), attached to 
a ring (F). This flexible bottom can be moved up 
and down bj' a set screw (D), which passes out at the 
bottom of the eistr'm. The level of the mercury in 
the cistern is raised rtr lowered by turning the screw 
D until an ivory point m exactly touches the surface. 
When this is the case a ^ 

fixed scale on the tube A .''’'o' ' P 

gives the exact height of T 

tlie mercury in the tube ^ Jk 
above the level of tlie 

meicnry in the cistern. H- . . —1| 

The mercurial barometer 4 ._A»Eiwii,. 

is not suited for any pur- 

]>ose where portability is required, and a different 
principle is used in wliat is called the “ Aneroid ’* 
barometer. This principle is illustrated diagram- 
matically in fig. 4. A siiallow metal vessel (a,) is 
closed by a thin corrugated top of flexible metal (B), 
and is c.xhausfed of air. An increase in the pressure 
of the air will compress the flexible top B inwards, 
and a diminution in the pressure will cause it to 
spring out. The movements of B are rendered 
vi.'.ible by means of a lever (d) attached to its 
centre in the manner shown in the diagram.—CoB- 
RECTioxa OP THJi Babobibtbb Eeadinq : Both 
the mercury in the liarometer and the material of 
which the scale is composed are liable to expansion 
and contraction by fitianges in tbe temperature of the 
air, and for thi.s reason readings are reduced to their 
value at 0" C. in the case of accurate observations. 
The following formula for reducing the observations 
is proved in works on heat: 

H = the true height of a barometer at 0°, 

bt = the observed height'at a temperature t. 

S = the coefficient of cubical expansion of 
mercury. 

a = the coefficient of linear ex^iansion of the 
material of the scale. * 


-ANBBOtn. 


. ht { 1 -(«-«) 11. 


For a barometer with a brass scale, taking the usual 
values of a and 8, this formuia liecomes 

H-h (1 - ■0001l)2t). 

Barometer CorreetioDS ) See Baboxbtbb 
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Buometep, HeMorial {PhyK') See Babometbb. 

Barooue iArt.) Ornamentation that is grotesque 
or in bad form. 

- {Architect.) See Eenaissancb Abchi- 

TECTTIBH. 

Barrathea {Woollen Manufac.) Small fancy 
weave of a broken mat type applied to dress and 
coating fabrics of this name. 

Ban^ {Buildvng). (1) Iron piping used for gas 
or water; (2) the cylinder in which the piston of a 
pump works. 

- {JEng., etc.) The cylindrical part of many 

structures — e.g. the body of a pump, locomotive 
boiler, rifle, or gun. Also tlie part of a machine on 
which a rope or chain is wound, either on the surface 
or in speci^ly cut grooves. 

- {Watches). The cylindrical box containing 

the mainspring. 

Barrel ¥anlt {Architect.) A vault of semicir¬ 
cular cross section. It is the simplest kind of vault 
used to cover a rectangular space. It was used by 
the Homans and also by the Eomane“que architects. 

Barrier Pillars {Mining). The largest pillars left 
to support the roof in a mine. 

Barrov {Arclueol.) An artificial hillock or 
mound heaped o^•er the graves of presumably 
notable individuals in prehistoric times. 

Barralet {Her.) Is one-fourth the width of the 
Jar, and occupies one-twentieth of the field. 

Barral; {Her.) Said of a shield traversed by 
more than eight bars. 

Barry {Her.) A shield divided into an even 
number of bars. 

Barry Bendy {Her.) The lines dividing the 
shield are drawn both barwise and bendwise. 

Barry Pily {Her.) The lines are drawn barwise 
(t.c. horizontally), and then divided into an equal 
number of piles or wedge-shaped pieces of alternate 
tinctures. 

Barry Wavy {Her.) When the horizontal lim's 
are wavy and not straight. 

Bars Oemelles {Her.) Bar- 
mlets in couples. 

Bar Bolder Plumb¬ 

ers’ solder, composed of two 
parts of lead to one of tin, cast 
in tVte form of bars, and u.sefl 
for wiping joints. 

Bar Stays {Hng.) Hods used 
to strengthen a boiler; so called 
to distinguish them from stays 
which are also tubes, through 
which water circulates. 

Bar Timbering {Mining). Snpport.s for the roof 
of a level, etc., while the material below is excavated 
and the permanent supports (masonry, etc.) are being 
put in. 

Bartizan {Architect.) A small turret projecting 
beyond the face of the main building. 

Bartonian Series {6eol.) A name u.sed for the 
Middle Eocene strata of the same age as the 
fossiliferous clay seen in the coast at Barton, in 
Bampshire. This is a marine deposit containing 
an abundant suite of fossils, chiefly of types 
analogous to those animals which at the present day 
frequent the seas of sub-tropical r^ons. 


Bar Tracery {Architect.) The form of window 
tracery used in Gothic work after the early part of 
the Decorated period. In this kind of tracery the 
mullions are carried up into the head of the window, 
and have the appearance of having been bent to the 
required shniie. iSbe Tbacbby, PLATE Tbaceby, and 
Flamboyant Tbaobby. 

Bar Trees ( Woollen Manufac.) ■ See Woof. 

Baryta. A common name for barium monoxide. 
When the latter is shaken with water the solution of 
barium hydroxide so obtained is called baryta water. 

Barytes (Min.) Barium sulphate, BaSO^; baryta= 
65-7 ; sulphuric acid=:i4-,'l per cent. Jit crystallises 
in a great variety of ferms of the rhombic system. 
It is one of the most insoluble minerals; colourless 
or variou.-.ly tinted. It is used largely in the 
manufacture of ijermanent white and for admijetnre 
with white lead and in the manufacture of pajier 
for process printing. For these purpose-s pure 
barytes is in nmeh demand. When stained by ferric 
hydrate, the mineral lias to lie treated with sufphurLc 
acid before crushing. It is an important gangue 
metal, often being found in lead-bearing veins. 
Some of the best known localities arc Silvera Band • 
Mine near Milburn, llundale Mines near Dufti'n 
in W’estmorland, Wliitehaven in Cumberland. Waii- 
lockliead in Dumfrie.sshire, ete. 

Baryto Calcite (Min.) A combination of the 
carbonates of calcium and barium cry.stallising in 
monosymmetrio prisms. BotlO,. CaCOj. barium 
carbonate, = ; calcium carbonate — HIJ'T per 

cent. Usually w-hite or pale yellow. Found near 
Nenthead on Alston Moor, and at Wall, near 
Uexham. 

Basal {Mi?i.) A term u.sed to designate a plane 
parallel to or coincident with a face normal tor at 
right angles) to the principal axis of a cj^'stal. 
Thus the basal cleavago of liaryte.-. is a cleavage 
parallel to the ba.sal face, which is itself normal 
to the principal axis. 

Basalt (Geol.) A liemicrystalline rock oi basic 
composition whicli contains, besides the glas.«y or 
litiioidal ground miiss, crystals of a lime soaa fel'sjiar 
(which is usually Ijabradorite), Aubite (or some 
other pyroxene), Olivine, and Ilmenitk. It forms 
lavas and ahso dykes and sills. It i.s usually a dark- 
cohmied, heavy r(»ck, which weathers with a more 
or le.ss ferruginous crust. 

- (Archa-ol) Tiiis stone was used by the 

Egyptians for setdpture and building. Sec also 
BUILDJSB STONE.S. 

Basalt Glass or Tachylite (Oeol.) A somewhat 
rate native glas.s of basic composition, corresponding 
to the I'lTCiiSTONES amongst the rocks of intejme- 
diate composition and to the OBSIDIANS in the acid 
series. The glass is due to the rapid cooling of the 
magma from which the Iwisalt arises, generally where 
it come.s into contact with the colder surface of the 
rock JMljacent. It apfiears to devifcrify more rapidly 
than llic other native glasses. 

Bascinet, Basinet, Basnet (Armour). A helmet, 
somewhat globular in shape, but terminating in a 
point, worn during the Oamail period. It was 
fastened by a lace passing through the edge of the 
helmet and protected by plates of metal. It had no 
visor at first, tlie “heanme” being worn over it for 
battle and at jousts. 

Bascule Bridge (Civil Eng.) A swing bridge of 
the “ seesaw ” type. ITie Tower Bridge, in London, 
is one of the best examplea 
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Bate (^ATeUitevt.') 
(1) Tho Icwer portion 
of a pier or wall. (2) 
That part of a column 
on which the shaft 
rests. In tl>e Greek- 
Uoric order no base is 
used, however, the shaft 
resting directly on the 
stylo t^e. 



Base, Eahey Bmoeuiu. 


*— (Uro.) The material which is mixed with 
the oil to give body to paints. The most common 
bases are white lead, red load, zinc white, and oxide 
of iron. * • 


Base Line (^Htirveyiug). (1) An .accurately 
measured line from which a triangulation is 
started or offsets are measured. (2) Tlie main lines 
of a traverse {q.v.) 

Base Moulding {AreJdteet.) A moulding near the 
base ^f a wall, cither just at the top of the plinth or 
a short distance above it. 


Base Plate {,ISng., etc.) The lowe.st part of a 
machine; a struct.ure to which the remaining parts 
arc directly or indirectly fixed. In large machines 
it is usually an iron casting with suitable projections, 
to which the superincumbent ix>rtions of the 
structure c.T.n be fi.xod. 


Basic Dyes. Dyes which in order to fix them 
uiioii a fabric are required to be comluned with a sub¬ 
stance of acirl character; e.g. rosaniline will dye cotton 
when tannic acid is used as mord.ant, but it will dye 
wool or silk directly, probably because wool and silk 
contain some acid as a con.stituent of their lilies. 
&!(’ aluo Dyes and Dyeinc. 

Basicity. A term used to express the number of 
hydregen atoms in the molecule ot an acid that can 
Ihj replaced hg metals. A nunsnhnsir acid has one 
replaceable hydrogen atom,a dibtuir acid hastwo, and 
so on ; e.g. nitric aeid has one replaceable hydrogen 
atom, and i.s iminohasic ; citric acid, has three 

replaceable hydrogen atoms, and is tribasic. 

- {Met.) The power of acting as a ‘•basi;” 

in the chemical sense. In niotallurgy it refers 
especially to the absence pi silica, winch has the 
opposite or “ sudd ” cliaractcr. 

Basic Lavas {ffeol.) llocks which have been 
piinrtMl out at the sisrfsicc from volcanic orifis'cs, 
and which contain a low iserccntagc of silica— 
gencrsilly less than 50. They include rocks of 
somewhat varied ct)mpo.''ition and character, ol 
which ordinary basalt may be regsirdcd as a 
centra] type. 

Basic Oxide. See Oxides. 

Basic Process {Metallurgy). An imi>rovement of 
tho Itesscmcr steel process (q.v.) in which tlie 
converter is lincil with magnesian limestone or 
dolomite, a material nearly free from silica. 'Phis 
removes the phosiihorus and silica, which are very 
detrimental to the iron oven in small quantities, 
and, moreover, yields a “ basic slag ’’ rich in 
phosphorus, and of considerable value in agriculture 
for enriching soil, as plu)s}ihates are essential to the 
proper growth of most plants. 

Basic Salt. A normal salt {see Salts) combined 
with the basic oxide corresponding to it; e.g. 
basic lead acetate is rb0.1'b(CjH,tX,)„; basic bis¬ 
muth nitrate is BiONO,, which may be regarded as 
Bi.O, . Bi(NO,), - 3(BiOXO,). 


Basic Steel {Met.) Steel produced by the basic 
process {q.v.) 

BasUiea {Areh/iteet.) The Koman name for adudl, 
either of justice or in which business was conducted. 
Homan basilicas were in many cases adapted for use 
as Christian churches, and the new Early Christian 
churches were built on similar lines. The basilica 
generally consisted of a nave with aisles, galleries 
over the aisles, and a semicircular apse at one end. 
The term basilica was originally used to denote a 
king’s palace. See APSE, Xavb, and Aisles. 

Basilidian Gems. See Abbaxas. 

Basilisk {Arelueol.) A mjtiiical reptile, also 
termed cockatrice, hatched by a serpent from a 
cock’s egg. Its breath and its gaze were alike fatal. 
Symbolical of the spirit of eviL 

- A large brass cannon, formerly in use, 

throwing a .shot of about 20() lb. 

Basin {Civil Eng.) An enclosure or dock with 
quays, into which vessels can be admitted at high 
tide, the water being then retained at the same level 
by dock ‘gates. Used for loading and discharging 
ships. 

- {Geol.) A Synclinal (j.r.) 

Basket {Eng., ete.) A strainer attached to the foot 
j)ipe of phmps to exclude solid bo<lies. Also applied 
to the aggregate of parallel rods in certain type¬ 
writing machines, and to devices of similar 
appearance in other machines. 

Basking Shark. Cetorhinns maximus (family, 
Carchariidai). A large shark found in the Xorth 
Atlantic, and Imnted for the sake of the oil 
extracted from its liver (shark oil). 

Bas Relief or Basso Relievo {Architect.) Scnlp- 
ture in which the figures project less than half their 
proper proportion from the background. One of the 
finest examples is the frieze on the cella of the 
Parthenon, of which a considerable portion is now 
in the British Museum among the Elgin marbles. 
Sec ,4lto Belibvo, Mezzo Kelievo, Cayo 
Eelievo, and Inta«lio. 

Bass {Botany). Leopoldinia piassaba (order, 
I'ahnie). The persistent leaf bases end in tufts of 
bristle-like fibres, which constitute the baas or 
piassaha fibre u.sed in making bass brooms. The 
ba-ss from Bahia is obtained from another palm 
{Attalea funifera). See also Woods, 

- {Mtmc). (!) The lowest of men’s voices. 

(2) The lower series of sounds. (3) The lowest note 
of a chord, 

Bass Drum. See Musical Instbuments ; Pbb- 
CI7SS10N, Indefinite sound. 

Bassoon. See Musical Isstbumbnts : Wind, 
Wood. 

Bass Tuba. See Musical Instbcment.s : Wind, 
Brass. 

Bass Wood. See Woods. 

Bast {Botany). The soft bast or phloem is the 
tissue on the outer face of the u ood of a vascular 
bundle ; it consists of sieve tubes {q.v.) and other 
elements. 

Bastard Cop {Cotton Spinning). See CoF. 

Bastard Cut {Eng.) A coarse file, slightly finer 
than tlie most coarse kind. 

Bastard Flatting {Dee.) Painted work finished 
only with a slight gloss, produced by using less oil 
and more turpentine than is employed in ordinary 



BAS 


44 


BAf 


oil paint. Three-fourths turpentine and one-fourth 
teiled oil is the proportion often employed. Also 
termed ** eggshell gloss." Bastard flatting makes a 
good ground for work that is to be finished in varnish 
or enamel. 

Bastard Foonts Type cast on a body 

larger or smaller than is usual. 

Bastard Thread ) An old expression for a 
screw not of standard pitch. 

Bastard Title (.^poff.y An abbreviated or half- 
title on a page preceding the full title page of a book. 

Bastard Taok iBrdldinff). The name given to 
PoiKTiKG (q-v.) when a small projection of the 
stopping itself is formed on the joint. 

Bastema (ArcJueol.^ A mnle litter used chiefly 
by ladies during the period of tlie Roman Empire. 

Bast Fibres {Sotany'). The term i.s applied to 
strands of lignified fibres (belonging to the pericycle) 
on the outside of a vascular bundle. The fibres 
usually have a tensile strength equal to that of the 
best u’TOught iron or hammered steel, while their 
ductility is ten times as great as that of irdn. 

Bat {Building). Half a brick—l.c. a piece 4^ in. j 
long. 

Batement Light (Areldtect') A window having 
vertical jambs and mullions and a sloping .sill. 

Bath (B/tg., etr.') A vessel containing liquid, | 
frequently liquid metiil. Also applied to the liquid 
itself, or even to the jirocess of dipping some object 
in course of manufacture into the liquid. 

Bathing {Jfygiene). Is of hygienic importance. 
The skin should bo kept thoroughly clean, otherwise 
dead epidermic cells collect, and prevent the proper 
Ithysiological action of t!ie glands in the skiu, 
thereby throwing extra work on the kidneys .an 1 
lungs. A bath is be.st taken in the early morning. ; 
It should never he taken immediately after a full 
meal. 

Bath Stone. See Building Stokes. 

Bathe, Waste from (Ilygie-ue). It is of gre-at 
importance tliat the waste-pipes fiom baths sb<mld 
not be connected with t he drains. They should he 
efficiently trapped, and be made to disi-liargc into a 
properly trap^d gully. The overflow pipe should : 
discharge into the open air. Batlis siiould not be 
cased in, as this form of fixing accnmitlatc.s dust. 

Bating {Leather Manufao.) A bate consists of a 
fermenting solution of hen or pigeon excrement into 
which light skins for “ dressing ’’ leather are ]>laced 
to soften and remove lime. The action is largely 
bacteriological. The process is being gradually 
superseded by safer and less objectionable methods. 

Baton {Her.') A diminutive of the bend .sinister, 
of which it is one-fourth the width, and couped 
at the ends—i.«. not touching the edges of the 
shield. It is used as an abatement, and is generally 
knovm as thp bar sinister. 

-— {Mtutio). The conductor’s stick for beating 
time. 

Bat’s Wing ( Gat Fitting). * A gas burner with a . 
slit giving a flat flame. 

Batten {Carp.) A piece of wood from 2 to 7 in. 
wide and up to 2} in. thick. 

—— (Woollen Many foe.) French term for going 
past the portion of the loom for carrying the reed 
or Bley and shuttle race, and ffor beating “home” 
the weft yarn. Also applied to the frame mounted 
with the card cylinder in the Jacquard loom. 


Batten Door (Carp, and Join.) A door having 
vertical boards about 3 in. wide in the place of 

S anels. They may be ledged only, or ledged and 
raced. 

Battened Wall (Carp.) A wall having pieces of 
wood (battens) fixed to it to nail minchboarding 
to, etc. 

Batten Lay or Lathe Manv/M^ A wooden 
frame swinging from the loom top, carrying tho reed 
and beating np the weft after each pick. The fly 
batten has shuttle boxes at each end of the shuttle 
race, and in a power loom works on a shaft below 
the warp. 

Batter (Building). % wall out of perpendicular. 
Chimney shafts tiatter,” or slope, about 2^^ in. in 
every lU ft. of their height. 

- (Tgpng.) Broken or damaged typo. 

Battery (Elect.) (1) A number of primary or 
.secondary cell-s, condensers, Leyden jar.s, etc., acring 
together; (2) often applied,ine.orre'tly, to aaiinglo 
cell. Sec Cells (I’iiimaby') amd ACCUMULATOBS. 

- (Eng.) A collection of machines or other 

I)Iant of a .similar character— r.i/. a number of boilers 
in the .same set, or a number of ore-crushing stamps 
at a mine. 

- {Mining). A bulk head of timber in a gallery 

or horizontal yiassagc in a mine. 

Battle Axe {Arckecol.) A war weapon varying in 
shape, .-'ize, and material from the stone a.xe of jjre- 
historic tinie.s to tlie halberd, whicli was di.scontinued 
in the fifteenth century, llio axe with an edge on 
one side and a point on the other was called a pole 
axe. The axe was the chief weapon of tlie early 
Briton-. 

Battlement ( Architect.) A jiarapet used in (gothic 
work, formed with a series of oj^mingsor embraanre-s, 
sepjiratod by rising parts called merlons. It wa.s 
origin.ally intended for pnrpose.s of defence, but was 
afterwards constructed as an ornamcntol P-ature, 

Battle Piece (Art). A picfine or sculpture repre¬ 
senting a scene on a field cjf battle. • 

Baadekyu (Cott.) A rich material woven from 
gold tiiread and silk. ^ 

Baumann-Schotten or Schoiten-Baamann Re¬ 
action. A n'action for tho recognition of tho arniiio 
group (—XI1„), imido group (==NI1), or the h.rdroxyl 
group ( —Oil) in organic compounds. A little benzoyl 
chloride (y.r.) is added to the substance, then caustic 
potash solution till faintly alkaline, and so on till 
the reaction is completed, gently heating if neoessary. 
In tins way a be.nzojl <lcrivative is formed— e'g. 
phtnsol would give (IgUj. OOC . t^Hj, phenyl benzoate. 

Bauxite {Min., Met., etc.) Usually written 
Beauxite ip.v.) by mineralogists. Very refractory 
bricks and slabs for lining furnaces are made hy 
mixing crushed calcined bauxite with clay, or some¬ 
times with graphite. 

Bay {Carp., etc.) A ceiling or roof divided into 
panels. 

- (Eng.) The spaces in a stmcttire between 

adjoining stays or struts—e.y. the large openings in a 
lattice girder. 

Bayeux Tapestry (Art). The well known iroll of 
linen, 200 ft. long by 20 in. wide, preserved at the 
Town House, Bayeux. It is worked in worsted, and 
seven colours are used. It depicts flfty-eigbt scenes 
in the life of William I. 
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B«y Balt. Common salt ci^stalUsed bjr slow 
evaporation. It is a coarse-grained salt, used for 
oaring moat of various kinris. 

Bay Window ^Carp. and Jain,.) Deoally con- 
strooted of throo lights, which may be “squint” 
when the sidelights make an obtase angle with the 
front, or square when they are at right angles. 

Beaeon (Manne). Any small form of lighthouse 
ooustr^ted on minor shoals. Also a geneml term 
for a signal, signal-light, prominent landmark, etc. 

Bead (Arohtteot.) A small circular monlding. 
When carved, it usually resembles a string of beads. 
See Astbaoal and Tones. 

Bead or Beading {Carp., elh.) A linear ornament 
of uniform cross section used very much in wood¬ 
work ; to a less extent in metal. Occasionally used to 
confer strength, but more often for appcaiance only. 

Bead Butt {,Carp. and Jain.) A flush i>ancl with 
a bead on the vertical edges only. 

Bead Fltuh (^Carp. and Join.) A flush panel with 
a bead all round it. ‘ 

Bead Kouter. An iron stock in which beading 
irons of various sizes are fixed. Used in forming a 
bead on circular work 

Beads or Bead Planes. Planes for “ sticking ” 
beads or cutting them out of solid wood. 

Bead Sleekers (^Moulding). A tool used by 
mouKlcrs to finish ofle a bead in the mould. 

Beaked {Her.) When the tincture of the beak is 
different from that of the body. 

Beak Head (ArcHtert.) An ornament nsed in 
Norman work. It was usually carveil on the mouid- 
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ing.s of a doorway, and took the form of a grotesque 
head with a beak. See also Cat’s Head. 

Beak Irony or Beck Iron. The conical projection 
of an anvil. Sometimes “ Beckern," 


cross-section of the beam; it runs through the 
“ centre of gravity ” of the cross-sedtioa). This layet 
is Imown as the “ neutral layer.” The of 

any point in the material of the beam above or below 
the neutral layer is denoted by the letter " y.” The 
above quantities are in all oases connected by the 
following equation: 

P M E 

y 1 K 

Making use of the equation jnst given, we are able to 
calculate the deflection of a beam under any given 
set of circumstances if we know its dimensions, .wd 
the value of the coefficient of electricity (E) for the 
material of which it is made. The two commonest 
cases are: (i) Abeam of length ** 1 ” supported at the 
ends and carrying a load W at the centre ' 


(ii) A beam of length supported at the ends and 
carrying a load W uniformly distributed over the 
heam: 
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The simplest beams are those of uniform rectangular 
section; these are most commonly made of wood. 
Beams of iron or steel are usually made of cross- 
section in the form of “ H ”; it is usual to term these 
iron beams “ girders.” If the beam is mode of cast 
iron, the lower part, which is in tension, has to bo 
larger than the top part, which is in compression, in 
order to secure uniform resistance to both stresses; 
but wrought iron or steel beams have the top and 
bottom j>arts the same size. Very large girders are 
I built up of separate pieces at the top and bottom, 
I connected by a central portion or “web,” made 
^ either of sheets of metal or of numerous bats crossing 
I one another at an angle. A.flne example of the latter, 
I known a-s a “ Warren Girder,” is to be seen in Chaxing- 
; Cross railway briilgc. The actual calculations in- 
; volved in .designing a beam or girder which is 
; required to carry a given load are somewhat long 
.and complex. They are usually carried out by means 
(if formulsB based on the equations given above. 
These formulae are given in works on engineering 
and building construction and in the various pocket 
books for engineers and builders. 


Beam. A beam may be defined as a long bar of 
wood or metal supported at one or more points, and 
carrying a load either uniformly distributed or 
concentrated at various positioirs. The following 
terms are used in connection with beams; (1) De- 
iri-EOTiON—denoted by “d.” This is the greatest 
extent to which any point of the 1x:am is bent by the 
load which it carries. The following terms arc 
defined under their separate headings: (2) Elas¬ 
ticity, denoted by E; (3) Bbndino Moment, de¬ 
noted by M; (4) Moment of Ineutia, denoted by I; 
(6)IlADllTB OF CxmvATUBE, denoted by U; (l>) Ktbess, 
denotixl by p; (7) Nedteal Laybb. If the material 
of a beam were divided up into thin horizontal layers. 
It would bo Ornnd that the-uppermost of the laj’ers 
were in a state of compression, and the lowest layers 
in a state of tension. These stresses gradually 
diminish towards a layer of the material of the 
beam which is, in most cases, at or near the centre 
(kts exact position depends upon the form of the 


Beam (^Cotton-weaving, cfc.]) A flanged roller, 
similar to a large bobbin, for coiling the warp round 
in a broad sheet. Used for beam-warper and the 
loom. See Beamino. 

Beam Compam. An instrument for describing 
circles tc» large for the ordinary drawing compasses. 
It consists of a straight bar, on which metal holders 
for the ijencil and compass point can be fixed at 
right angles to the bar. These holderl are called 
Tbammbls. 

Beam Engine (Eng-.) A form of engine in which 
the piston rod was attached to a beam swii^ng on 
a central axis; to the other end was attached the 
pump rod, or connecting rod. Nearly obsolete, ex¬ 
cept for some pumping engines, bat onhc universal, 
even being nsed for marine purposes. See also Steam 
Engines. 

Beam Filling (Building). The brickwork between 
the wall plate and the underside of the roof. 
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Beaming ( (Mtm Weaving), A process In coloured 
goods manufacture by which the ends that are 
warped are all run in one broad sheet in their par- 
ticuUur pattern on to the weaver’s beam. Sometimes 
adopted in grey manufacturing for running grey- 
balled warps on to the weaver’s beam. 

-( Woollen, Manvfao.) The operation of wind¬ 
ing the warp or chain on to the waip-roller or beam, 
so that each thread will be delivered regularly during 
weaving. 

- or Turning On (Silh Manufac.) The process 

of spreading and winding the warp on the cane 
or warp roll. The warp is placed round a large 
dnim and divided into Poetjees or Hale Poetees 
in the teeth of Vatoe (/j.v.) ; it is then wound on 
the cane roll, considerable tension being applied 
to the silk to cause it to pass on to the roll firmly 
and evenly. 

Beams (Laee Manvfue.) Long slender cylinders 
of tin plate, in length proportionate to the width 
of the lace mai;hine. They are requisite where 
a variable length of material is being used up. 

Beam Warping Itiffar/w.//). A system of 

preparing back beams for the Slash ee iq.v.) Each 
beam contains a standard number of tlircads of a 
certain length. Used principally for the grey trade. 

Bean or Shot Copper ( Met.) Copper gnmulatcd 
by pouring through a perfornteil vessel into water. 

Beans. Order, Leguminuser. Vieia fa ha is tlie 
broad bean ; Phaseolue vuhjarh, the French bean ; 
P. muHiftonis, the scarlet runner. Under tlie name 
haricots are placed varitms species of Phaseobts. 
Beans form a very important article of diet; they 
contain a large quantity of protcids and salts, and 
are therefore of great nutritive value. During 
growth and storage beans are attacked by a weevil 
(beetle), the larva of wliioh may frequently be seen 
in the bean. ' 

Bear {JEng.) A form of punching machine (q.v.) ; 

- {_iSooliigy). (iciius, I'rsus ; siieeies, Arctos | 

(North Europe), Avierieanva (.\merica), Maritimns, I 
the Polar bear. The skin affords a useful heavy | 
fur; the flesh is edible, and the fat is frequently j 
utilised as ungnent for the hair. 

Beard (^Typog.) TJiat part of the type above and 
below the face of the letter. 

Bearsra (^Ca/rp.) The fillets on which a shelf is 
fixed. The crosspieces carrying a gutter boarding. 

Bearing (Cbvp., tte.) The part of a girder which 
rests on the .supports. 

- {Mig.) 'J’he support of a rotating shaft; 

the forms are chiefly disUrguiahetl from each other 
by the means used to diminish friction. See Ball 
Bbaeings, Eollbe Beaei.vgr, etc. 

- (^Surveying). The angle formed by a line 

with the direction of the magnetic needle. 

Bearing Jfetali (Png.) .Mloys u.sed to form the 
surfatJe of a bearing where tiie friction occurs— e.g. 
Babbiit's metal, gunmetal, etc. (q.r.) 

Bearing Piles (CivU Eng.) ITles (q.v.) driven 
into soft ground up to their heads, to support masonry 
or other structures. 

Bearing Surface (Eng.) The part of a surface 
in contact with another object and supfiorting it; 
in particular, the part of a sliaft and bearing which 
are In contact with each other. 

, Bedring-Up^top (ERnin^f A partition used to 
lead air to il fadfe where work is going on. 


Bearing Walls. Sec ABua. 

Beasts, Heraldic. Hlay be recognised at once by 
their conventional style. The heralds liave pressed 
most animals into use as charges or supporters. 

Beater (Cotton Spinning). An attachment tcan 
opening or scutching machine, consisting of a shaft 
oir which are fixed blades or wings for the purpose of 
shaking the cotton wlien being cleaned. There are 
several kinds—vertical, conical, porcupine, two¬ 
winged, and three-winged. 

- (Paper Manvfae.) A machine for reducing 

pulp to a fine state of division. 

Beater Roll (Paper^ Manufae.) A heavy iron roll 
fitted with long iron bars, which rotates in the 
beater, for disintegrating pulp. 

Beating Up (Cotton Weaving). The third primary 
movement of a loom. The forcing or bumping up of 
weft after it is carried across through the warp by 
the shuttle. It is accomjilished by the loom crank, 
slej', and reed. * 

Beats (Music). 'I'he pulsations of time in a bur, 
also called “ pnlso.s." 

Beats Maximifaml minima in tiie com¬ 

posite .sound produced by two notes whose frequencies 
; do not differ by more than sixteen vibrations per 
I second ; thi*! result is due to iNTEnFEBENCK (q.r.) of 
' the two sets of waves. 

Beaumontage. Material used for filling up acci- 
dent.al holes in wood or metal work. In cabinet 
work, resin and beeswax with colouring matter; 
in iiattern making, chalk and varnish; in iron 
w'ork, sal ammoniac (ammonium chloride, NII,C1), 
mixed with iron borings, which rust into a solid 
mass, are a.sed. 

Beauxite (Min.) An impure aluminium hydrate, 
essentially Al.Oj.’iHjO with imparities of “ferric 
oxide, piiosphates, etc. It occurs in oolitic or olay-like 
deposits of whitish-brown or reddish-brown colour. 
From Beaux in Francii, the United State.s, Foyers 
in Scotland, etc. It is now the principal workable 
ore of aluminium. ^ 

Beaver (Armour). “ In fourteenth century applied 
to the moveable facegoard of the bascinet (q.r.), 
otherwise called visierevenlaile or avant~taile. 1 n the 
early part of the fifteenth century the beaver apj)e.'iTs 
formed of overlapping plates, which can bo raised or 
depressed to any degree desired by the wearer. In 
the sixteenth century it again became confounded 
with the vizor, and coulfl be pusheil up entirely 
over the top of the helmet, and ilrawn down at 
pleasure."—I'LANCHK. 

- (/foology). Cmtor e.a7uide.n*is (family, Castar- 

ida ). I he wcil known nident is valued on account 
of it'i fur, flesh, and the substance UartoBKCTM (q.v.) 

Beaver Cloth (Woollen Manufac.) A thick 
woollen fabric covered with fibre or nap. The be.st 
qualities are made in the West of England; medinin 
and lower qualities in the heavy teoollen districts of 
York.shire. 

Beaver Finish (Woollun Manufac.) A type of 
finish which gives to the fabric a soft fibrous surface, 
the fibres being laid, in the process of raising, in one 
liircction. Ori^piially the finish was an imitation of 
the fur of the beaver. 

Beehe-de-Her (Xoology). Class, Ilolothuroidea •, 
m\y-k\ngi\om, Eohinodermata. A group of wormlike 
marine animals allied to the starfishes. Certain 
species yield a Chinese food known as Teepang. 



BBC 


47 


Beok. See Beak Iron. 

Beckmann’s Apparatus {Heat.) See Fbeezivc 

POIXT. 

Bed {Building). A layer of mortar put umler a 
wall plate, stoneu, or bricks. 

- {Typag.) The level .surface or table of a 

printing press in which the forme lie-s. 

Bed Charge {Met., Foundry). The coke which 
forms the bottom layer in charging a cupola furnace. 

Bedder (Pot.) A mould, generally made of plaster 
of Paris, used to impres.s u)>on ground flint the exact 
shape of the clay plate or .saucer which is to rest 
thereon whilst being fired in l^e bisque oven. 

Bedding In {Moulding). Moulding by laying the 
pattern in the sand of the foundry floor and heaping 
the sand round it, instead of forming the mould in 
boxes full of sand. 

Bedford Cord {Cottuti Manvfac.) A (doth ribbed 
longitudinally without floats on its surface, and 
firmly ^oven. 

Bed Joints {Build.) (1) llic radiating joint.s of 
an arch. (2) The horizontal joints of a wall. 

Bod Vould (Arehitert.) The moulding im¬ 
mediately under the corona of a classical cornice. 

Bed Moulding {t’arg.) a 

A moulding fixed just 
below the surface of the 
fiumiug. 

Bed Plate {Bng.) 

Base 1'i.A'i i;. -Mocii.in.i, 

Bed Plug (Build.) A dowel in the bi'd joint of 
a stone. 

Bee (Houlogy). Apiiiinellifira{fnm\\j,Apidce). The 
honey bee is well known us the source of honey and 
wax.’ •iVr Beeswax, Hosev. 

Beech. See Woods. 

Beer. A beverage prepared by tlie fermentation 
of malt extract by yea.st ; hops (which contain a 
bitter priiiciph—lupulin) arc added to give the bitter 
flavour. •Jn plate of malt, starch and glucose j 
(artificial) may' be u.sed, aii<l in place of hops cheaitor | 
sulwtitutes may be used, as qua.s.sia, gentian, worm¬ 
wood. Tile jiercentago of ■ alcohol vari(;s from 2 | 
(Berlin white beer) to 8‘,') (Scotch ale). Arsenic may i 
be pre.sent in beer when made frtim gluco.st* pre- I 
jiarcd from starclt by mean.s of arsenic containing i 
.‘■ulphuric acid. The adulterants of lieer are water ' 
(which i.s oftt'ii aiidcd to a consideiable extent), salt, j 
sulpiiuric ticid, ami li(juoric(>. ' 

- {Cotton Wearing). A term used as a basi.s ( 

for reed counting— i.e. twenty dents, or sjdits, or forty ; 
ends, two ends per split. Sometimes a warp during the , 
w'arping process will be split u]» into beers or bunches, , 
so as to facilitate counting off. In other cases they I 
arc nsed to assist in spreading out the warp threads | 
by passing through a wraithu during the beaming ; 
process. The Hctitoh name for the same i.s “porter.' . 

- {Linen Manvfnr.) “Beer" in Ireland and ,■ 

“ porter in )S<:oiland are terms used in liuen inanu- i 
fae.turc, and .signify forty threails of warji. In some 
cases the fineness, of the cloth is expressed by ' 
“beers” or “porter.s”; thus a 40bt‘er or 40-p(irter ' 
drill means a drill containing forty beers or porters in i 
a set width of cloth—usually 30 in. : 

Bee* {Art, Are/ueol.) Tlic symliol of oloquoncc. 

Beuwax. A seexetion of glands in the body of | 
the honey bee, used in the formation of the honey¬ 


comb. The wax is used in pharmacy for plasteis 
and ointments. Consists chiefly of myridn (myricfd 
palmitate, C,jH„GOO. 0,gH.) and cerotic ao^ 
Melts at 62° to 66°. Sp. gr. *962. • 

Beeswaxing {Bng., Bee., eto.) (1) Covering an 
iron pattern with bemwax to make it more easy 
to withdraw from the sand of the mould. (2) A 
method of finishing hard wood fumituiic, fittiDg.s, 
arid floors by rubbing with beeswax thinned with 
tnrpeutino. It is often called Wax Polishikc}. 
When applied to unwaxed surfaces, the beeswax is 
cut up in small pieces and digested in turpentine 
until a paste is produced. Bometimes a little 
carnauba wax {y.n.) is added, to render it firmer. 
The wax jiaste is applied by means of a brush. It. is 
easy to apply, and keeps in good condition, while the 
cost is small. Two coats arc given, and each is 
polished by means of rags or short stiff-bristled 
brushes. Buccess depends hirgely u(H>n the amount 
of labour given, a light rubbing ^ing useless. Oak 
and black walnut are the woods on which it is 
usually employed. On floors such as those of ball¬ 
rooms the polish inu-st be frequently renewed by 
sjirinking powdered wax upon the surface and 
briskly rubbing bj' means of brushes, which are 
sometime.^ attached to the feet of tlie operator. 

Beetroot. Beta 'oulgariB (order, Chenopodiaceai). 
.\ variety—the sugar beet—is extensively cultivated 
in Europe a.s a source of .sugar. 

Bel-Etage {Architect.) The main story of a 
building. 

Bell {Architect.) The body of a Corinthian or 
('omposite capital below the abacus, around which 
the foliage and volutes are arranged. The same name 
is also given to the corresponding part of a Gothic 
capital when its form is similar. iSt-c Column. 

Belladonna {Bet,arty). Airopa belladonna (order, 
Stdanaceee). Tbfc fresh leaves, with or without the 
branches of the mature plant, and also the dried 
r(5ot, }ield the alkaloid atropine, used in ophthalmic 
practice. 

Bell Centre Punch {Bag.) A hollow cone, along 
the axis of which a pointed punch can slide, the 
point projecting to any suitable distance inside the 
<!one. Used for marking the c,entre in the end of a 
round bar or other cylindrical object. 

Bell Chuck {Bng.) A chuck {g.v.) with a 
cylindrical liollow, usually having set screws pro¬ 
jecting into the hollow for holding small work in 
ti e lathe. 

Bell Crank Lever {Bug.) A lever wdth two arms 
at right angles, and the fulcrum at the angle ur^ 
apex. 

Belled {Her.) Bearing a bell or bells, used of 
hawks and cows. 

Belleville Boiler. See Boilers. 

Bell Gable {Architect.) A gable at the west end 
of a chuicli canied up above the roof, and uenally 
containing from one to three bells. It ia used 
ill small churches which have no towers. 

Bell Metal (Eng.) A bronze (jj-v .); usually copper 
16, tin .6; hard and brittle. This alloy gives a 
strong sound when struck, hence its use for bells. 

Bell Metal Ore {Min.) A syncwym for Stannith 
{qr.) 

Bells {Sound). Gonsti-ucted of alloys resembling 
bronze which are ;.i‘found to pijapesi^-. sofiorous 
proiierties. The modes of vibration” and the over- 
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4i^es of bells are very complex, ^«s maf be readily 
biaud oa listening to a laigib bell at a short distance 
Itk when many tones can be heard in addition 
to the principal note. 

Tvapi {Hy^TUs). Under the Drainage 
by-laws of sanitary authorities, this form of trap, 
formerly used for receiving wastes from baths, 
Ecullories, etc., is prohibited. 

Belly {Leather Manttfao.') The thin under part 
of tanned hide: used fur slippers, thin straps, and 
uppers of boots. 

- The front or nicked side of a type. 

Belt {Cost.) A baud or cincture used ti) keep 
flowing costumes in placo, or as a support for a 
sword, dagger, etc. Generally made of leather, and 
often richlv aflomed, 

B^t or Strap {^ag.) A strap used for trans¬ 
mitting power by puUeys with a smooth surface: 
made of leather, cotton, catgnt, rubber, etc. 

Belt Coupling (L!ftg.) The method of joining the 
ends of a belt, commonly by lacing or riveting: in 
catgut belts by a hook and eye screwed on to the 
ends. 

Belt Dressing {Lhtg.) Materials, such as oils, 
tallow, resin, applied to belts to preserve them. 

Belt Fork, Strap Fork {L»g.) A device for 
sliding a belt from one pulley to another along¬ 
side it; it has two parallel rods, between wdiich the 
belt can run freely without contact until the fork is 
moved along parallel to the shaft, when the belt is 
displaced by the fork, and is transfcrretl from one 
pulley to the other without the necessity of stopping 
its motion. 

Belton Stone. See Building Stones. 

Belt Tension The pull in a belt expressed 

in pounds per square inch of cross section; it varies 
with the nature of the material, bnto. good rule is to 
keep it below 300 lb. per square inch in leather 
belts. Calculated by dividing the transmitted 
power in foot pounds by the velocity of the rim of 
the pulley in feet per minute, and by the cross-section 
of the belt in square inches. 

Belt Transmission {Motor Cars). The use of a 
belt to transmit the power from the engine to the 
main shaft; now practically confined to motor 
cycles, though even in this ca'fc it is often replaced 
by a chain similar to an ordinary cycle chain. , 

Bembridge Series {Gcol.) A member of the 
Upper Eocene rucks, especially well developed in the 
Isle of Wight, where they consist of strata which are 
chiefly estuarine in origin. Their thickness amounts 
to about 25 ft. Tb^y are sometimes classed as 
Oligocbne (y.r.) 

Ben {Music). Well, as lien •marcato, well marked. 

Bench {Carp^ and Join.) A very strong and 
4.4avy table, fitted with a screw, or vice, and a 
stop, for joiners to work at. Also appliecl to the 
table' .at which many trades arc earned on. See 
Bench Sobew. 

— (Mining), (1) Divisions in seams of coal, 
consisting of clay, etc. (2) A projection at the out¬ 
crop of a seam. 

Benehed (Build.) When a foundation is built 
on sloping grouB|d it is formed in stej*, called 
benches. ■ 

Benck(f[ 0 ok (Carp.) An appliance for holding 
a long .p}^ of woi* steady von the bench while 
obttu^.the'sboulders of tenons, planing up, etc. 


Bei^th Maxtoi (SdnuevlM). ,Mai^ 'th«i lotion 
and level of -whitMi are ]bq 4^, koade ip nobrsq b£ 

a survey and used for referenda Thbse.,nutate by the 
' Ordnance Survey of Great Britain tojto tbe .fotm. of 
a broad arrow, usually chisell^on itkao permtoeni 
stone slab. ‘ .* t 

Bench Planea J^k,'i;r^fc»g 4 fend smooth¬ 
ing planes.* • , • "f, > * * 

Bench Sopew (Carp.) A vice at the^'end of /ar 
bench to hold tlie Material Iffi be-worked.' 


Beneh Tools and Hachlnes. Tools and small 
machines which can be used 6n the beach {e.g. a 
Jbench drilling machine), db called* ia^disiiinctlctn 10 ' 
larger tools and machinp which require an indepen¬ 
dent place in the wdrkwiop.* 


Bench Work {f'arp. ami Eng.) Prooesseg. (»Tried 
out with the smaller tooLs (and Wachint^ oa.the 
bench, as ,,,«listlngnished from processes •tarried oat 
with the large machines or in the erecting shop. 


Bent} (Her.) An ordinary 
which crosses the shield from 
dexter c hief to sinister base. 

If a charge is on it, it occupies 
une-tliird of the sliield ; if tin- 
cliarged, only one-fifth. - 

- {Leather Mnnufac.) 'A 

butt (q.v.) split’longitudinally 
down *t.he middle produces a 
pair of bend.s. Bends arc 
bought chiefly by large boot 
manufacturers for soles.* 

- (Plunih.) Any curved pipe. 

Bending or Flexure. The amount,,of curve (or 
curvature) produced in a beam by th4 loatl; ii.s 
exact mea.>>uro is given by taking the reciprocal of 
the “radiu.s of curvature"— i.e. the radius of tlie 
cin'le whose curvature most nearly coincide#' with 
the curve of tl>e beam. In mo-t ea.ses the curvature 
of a beam varies, being least at the supports and 
greatest midw'ay between them. 

Bending Cycle Tubes. Tubes arc filled with sand, 
resin, ora soft alloy, and bent'over a “fermur” of 
the requisite shape. Tubes are bent either hot or 
cold; if the latter, they must be in a soft (annealed) 
state first. The process of bending in the cold 
hardens the tube again, and it is usually left in 
this condition. 

Bending Moment. The bonding moment at any 
point in a beam is the sum of fhe moments of all tho 
forces acting on the beam on either the right or left 
.‘•ide of the cross section through the point— ^i.e. the 
pro'iuct of each force into its distance from tlie 
point is found, and the sum of all such products on 
either side, of the point gives the total bending 
moment at the point. 

Bending of Strata (Ceol.) Experiments have 
been made by Miall upon thin slatis of limestone 
with a view to finding whether these could be bent 
by artificial means in such a manner a« to retain 
the flexure and yet not fracture. Pre,S8ure applied 
rapidly caused the slabs to break; but when applied 
very gradually the resulting flexure proved to Im 
permanent. Amongst hiuhly distiirbt^ rooks some 
very striking examples of crumpled strata are to be 
found. 

Bendlet (Her.) Diminutive of bend ; also called 
a garter; it is one-half of a bend (g.v.) 

Bendy {Her.) Dividerl into an equal number of 
bends. 
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' BAnfttU cotnpositioh— e^. 

for a vbiti^ligjit, 8h^lI»c, 1 part ; barinm *Ditrate. 
6 parts. .powder, 2'5 parts:. for a red 
lighti & parts df'Stroptium nitrate replace the -barium 
Berate. ^ 

BezixalotalbrjMB/Ggll^HCL. *'A liquid boiling at 
213°’yields ^bepzaldbbyihs wuen'heated with water, 
or, better stllf, millet of lime under pressure. Marie 
l:^ passing ohlorinc.^,lntb boiling' toiueac until the 
theoretical gain in weight is obtained. , 

Benzaldehyde, CgtlsCHO. Oil of bitter aluioads. 
A liquid, smullmg like aiSmonds: boils at ITd”. It 
is prepared from bitter sdtaonds, which contain 
amygdalip (S-v.) The- amygdalin, acted on by 
emiilsin or hydrochlorio acid, yields the oil of 
bitter almonds. Can' be obtained aitiiicially by 
treating benzylohloride, 0^1-1 with .^.solution 

of load nitrate, ei* from benzJilchloride (^.p.) It is 
easily oxidised to benzoic acid, C'„HjOOOI-l. Much 
used iiw flavouring sweets, etc, and in the mann- 
facture of the important d> o malachite green. 

Benzamide, C 8 TI 5 CONII.J. A wliito crystalline 
^ioUd mditiug at IHO®. Sec also Amides. 

Benzen^ C„ll„. (I) A oolotirlees peculiar-smc-llmg 
liquid boding at 80-5‘'. After freeziug, it melts at t}°. 
It is a valuable solvent for organic .substances, such 
as fats, iudiarubber, etc. When at:ted on by chlorine 
in sunlight it forms iidditiou ])roduct^— e.<j. honzcnc 
hoxuclilorjde, Chlopne in )tresen(-e of iodine 

(halogen carrier) gives substitution prodne-ts— c.g. 
monoclilorbenzone. bromine behaves in the same 
way. Nitric acid yields according to conditionr of 
action nitrf^enzene (.q.v.) (tr metadinitro>)enzenc 
(f/.r.) Hoilod with suljihuric acid, it gives benzene 
4ulpli(i(pic acid ; when one monovalent atom such as 
bromine or one mouovalcut group sucli as the nitro 
group (N(I„) replaces t>ne of the six hydrogen atoms in 
btu/.enc, ohly -one compound is obtained, no matter 
which hydrogen atom is rephujed. Wliun two such 
a toms or groups replace two hj'diogen atoms, three and 
only tl'.reerf’ompounds can be obtiiincd ; when three 
such atoms or groups -Tcjilace thrc'e hyilrogen atoms, 
three compounds are again obtained. The only 
formula for benzene which accounts for those f.acts 
is the following; 

CH 
HC 


HC 

CH 

Be.v/fxr. 



in which the carbon atoms are joined in a ring 
and one H atom is attached to each. (The ring is 
represented by the regular hexagon.) Ho we ha\e 

('eiljlr. 



Oitlio-dtbnimbanisup Mnt-i dlbrntnlwnson* Vanulibrurabeiaws’ 
ar 1:2.(Uliramb«nusiie. or I ^3^41 bromhfnaBnc. or 1: a^dibrombenziae. 



Br 

Vlfitnal tnbrombonzen» Unaytumetrica) trl. Symmetrle*] M. 

cr lirumbouBoue er tnwnboiuene or 

1:;3trtbfomtKmznno. I:3i4 trlbrombenzene. l:3:5trilnDinl>eQ2e3M. 

The c.arbon atoms are numbered as shown in the 
figure; also the C and M atoms ore often omitted 
for convenience. Each C atom is represented as 
trivalent; the exact mode of disposal of the fourth 
combining unit is unknown. Benzene is obtained 
by heating benzoic acid with soda lime. On the 
large scale it is obtained from coal tar {see Goal 
Gas Manttfac.) The part which distils up to 170° us 
redistilled, and the x>art up to 110° shaken with 
sulphuric acid, thin caustic soda, and again 
distilled. The part that distils at 8(f* to 82° is 
fairly pure benztine. Benzene is also obtained 
synthetically by heating acetylene gas. 

Benzene Sulphonic Acid, C^H^HO^OH. Wisen 
benzene is boiled witii siilpl.nrie acid for some 
hours, combination occurs, and this substance 
is formed. Colourless plates melting at 60* readily 
soluble in w.ater and alcohol. Fused with caustic 
soda, it gives phenol, used in the manufacture 
of ether. 

Benzidine, T1„N. Cgll,. Nil,. Paraduimido- 
diphenyl. White plates melting at 122°. Formed 
by )-ediu;tion of azobenzene with tin and hydrochloric 
acid; 

CVH,N - N . CeHjNH . NH OeTTs -> 

U Uydrazobenzctie. 

HjNG.H,. CjH,NH,j. 

Parent substance of a number of dyes capable of 
dyeing cilioii without a mordant— e.g. Congo red. 
AVc also Dyes a.S’D Dyeixd. 


Benzine. A popuhtr term, nut used in exact 
nomouclatuTC. Kometimes applied to commercial 
benzene, sometimes to petroleum, which is. quite a 
different sub.-»tance chemically. 

Benzoic Acid, C„HjCOOH. A shining white 
crystalline solid of ciiamcteristic smell; melts at 
120° ; soluble, 1 in 400 parts water at 16°; reatlily in 
hot water, also in ahKiliol and ether. It is a powerful 
antiseptic. W'ben taken internally, it appears in the 
urine a.-' hippuric acid (q.v.) Obtained by sublimation 
from gum benzoin, which contains 12 to 20 per coat, 
of the acid; also as a byeproduct in the raan4-«< 
facture of benzaldehyde. When heated with lime 
(CaOl, it gives benzene (CjH^). With bromine, 
nitric or sulphuric acid it forms metasubstitutiou 
protlucts. 

Benzoin {Botany'). Styram htmaoin (order, 
Styraeacea). A fragrant re-Mii obtained by incision 
of the bark. It is used in medicine, in perfumery, 
ami in making incense. ^ 

Benzol. Another name for Benzene. 

Benzonitpile. iles NiTBihsOB. 

Benzophenone, C^H,C 0 C^j {IHpJienylh^^o^y. 

Or.vstalliae solid existing in two forms—an unst-^lO 

i * 
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form melting at 2€P, and formed by boiling the stable 
form, which melts at 4(i°: the former reverts to the 
latter on standing. Pleasant smell. Obtained from 
benzene, and either benzoylchloride or carbonyl- 
chloride, in presence of alnminiam chloride; also by 
<listillin^ calcium benzoate. Distilled nith zinc dust 
yields dipbenylmetbane. See aUo Kktonhs. 


BeaMpnrparineBT May be regards 1 as benzidine 
derivatives; they are dyes which dye nnmordauted 
cotton red. Benzopurpurine B is 




^ X _ C\oH,<nh 


SOjNa 


This is the salt known as Congo red. See alee Dyes 
AND Dyeing. 


BetDEoqoinone. See Quinonk. 

Benzoyl. The name given to the group t\Hr,C<)—. 
It does not exist uncumbined. Benzoylchlubide, 
C,H,. CO . Cl, is an important reagent in organic 
onemistry; it is a colourless turning liquid boiling at 
200°. Obtained by action of phosphorus pentachloride 
on benzoic acid. Decomposed by water into hydro¬ 
chloric and benzoic acids. See aleo Bacmann- 
ScHOTTBN Reaction. 

Berberine, C'.j,Il„NO^. An alkaloid found in a 
number of pL'iiit*—«.//. Jirrberig viihjaris, yellow- 
brown needles melting at 145°. Optically inactive; 
soluble in water and in alcohol. Forms gold-coloured 
salts. Alkalis colour its solution red, and chlorine 
water colours its hydrochloride blood red. It is not 
official. It is prol»bly a quaternarj' ammonium base 
(jy.r.) Among its oxidation products may be men¬ 
tion^ u ^y, pyridine tricarboxylic acid, bemipixic 
acid (1:2 metborybenzene, 3 : 4 dicarlioxylic acid), 
and bydrastic acid, the latter showing tliat berberiue 
is related to hydrasline. 

Bei^amot {^Bot,anjf). Citrus aurantium (var., 
He.egamia \ order, Rviaoeo’). A fragiant essence 
extracted from the rind of the fruit of a variety 
of the orange. See C'lTEVS. 

Berkefeld Filter {Hygiene). This is a \ aluable form 
of domestic filter; it consists of a cylinder of diatom- 
aceous earth called Kieselgnhr, which is enclosed in 
an outer case. The water enters at the top under 
pressure, and is forced iriwaids through the earth. 
It frees the water from organisms. 

Berlin Blue. Another name for i’russian blue (^.v.) 

Berthelot’s Calorimeter (Heat). An apparatus 
for determining the late it heat of evaporation of 
liquids by condensing the lapour in a helical tube 
immersed in a vessel of water whose rise of tem- 
poratnre can be noted. 

Beryl (Min.) A silicate of aluminium an<l 
beryllium, SBeHiO,. Al^BigOs: silica = alumin¬ 
ium = 19-1, berylla =s 141 per cent. Hexagi.nal. 
Oolomr, emerald green to dirty brown or grey. One 
opaque crystal from Massachusetts was said to weigh 

tons. Tiie bright green variety i.s Kmbbalu ( q.v. ), 
the blue green is AquaMABINK (q.v.) ; both valuable 
as gems. Brazil, Siberia, and Saxony are important 
localities. S/v also I’BBcrous Stones. 


Beryllium, Be. Atomic weight, 9. Called also 
GnuciNUM, from the fact that some of its salts--C-j/. 
the sulphate—are liweet tasted. It is a while meial. 
obtained by heating the chloride BeCl, with sodium. 
It belongs to the same chemical family as magnesium. 


It is found in the BebtXi (hence its name) and in 
emerald. 

« 

Beziemer Gonyerter (Met.) The pear-shaped 
vessel used in converting cast iron to steel in the 
Bessemer process (q.v.) 

Bessemer Pig (Met.) Cast (or pig) iron specially 
suited to the Bessemer process. For the acid process 
an ore with a relatively high amount of silica (*SiOjj), 
not less than 2 per cent., and a low percentage of 
snlphur and phosphorns, was preferred ; for the basic 
process the reverse is the case, the phosphorus giving 
a valuable slag. 

Bessemer Process («.Vef.) The conversion of cast 
Ife iron to steel by oxidising the carbon by means of a 
current of air blown through the iron while molten; 
the air oxidises the carbon to cWbonic oxide (COj,j 
and carbou monoxide (CO), and at tlie same time 
maintains the iron at a suitably high temperature 
by this oxidation, until practically the whole'of the 
carlKin is removed. See also Thon and Stebs,. 

Best and Best Best, or B. and B.B. Crades of 
cast iron. See iBON. 


Bestiarium (Arehteol.) A name given to early 
books on natural history'. They were often in vei><‘, 
and moralised on the peculiarities <.if animals. 

CU, - N(CH,), 

Betaine, I I (Oxqneurine, Lyeine, 

CO - O 

Tnmefhylg/yeoeoll). Hygroscopic crystals; forms 
well crystallised salts. Occurs in the sugar beet, in 
cotton seetl, and in wheat sprouts. Has been found 
with ptomaines in some poisonous edible mussels. 
Obtained by careful oxidation of choline (q.v .); also 
whentrimethylamiue is heated with mouochloracetic 
jujid It i.s not )K)isonou.s. 

Beton (Build.) See CONcnKTE. • 

Better Bed Coal ( Geol.) a local name for seams 
of coal of exceptionally good quality as fuel. It 
consists largely of the spores and spore cases of some 
of the lycojxxliaceous plants whicii flourished during 
the Carboniferous I’eriod. The liest-knovjn seam of 
the name occurs at Bradforfi in V'orksbire. 


Bevel (Tooh). A tool witli a stock and blade 
resembling a sqm-ire, but witli the bWle hinged so 
it can be moved in its own plane and be set at any 
angle with the stock ; used for testing work required 
to be cut to any given angle to which the blade is 
previously adjusted. 

Bevel Gearing (Bng.) Gear wheels cut upim the 
suiiae-e of a cone or psirt of a cone, in order that the 
shafts may run at any given angle with each other. 

Bevelled Boards (Bind-.) Heavy- millboards of 
good quality, hi velled on the edges; generally n«<*d 
for antique work. 


Bevelled Halving 

(CarjK) Halving 
(q.v.) in which the 
internal cut surfaces 
which are in contact 
are inclined at a small 
angle to the jilanc of 
the two pieces of tim- 
^ber; it is only used 
when tliere i.s a liuavy 
pressure on the wood 
which keeps the joint 
in place. 

Bevelling (Carp,etc.) 
angled surface. 



To form an acute or obtuse 
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Becont {Arehteol.') A gold coin of Byzantium, an 
andeut city of Tbrace, situate-on the Bosphorus. 
When the seat of the Boman government was fixed 
tliere by Constantine the Great in 330 a.d., the 
name was changed to Constantinople. Bezants were 
current in England from the tenth century to the 
reign of EdwaM III. 

Bexanta (Her.) Flat gold roundles or circles, 
without impress. Originally gold coins struck at 
Byzantium. 

Bexanta Tourteaux (Her.) Roundles in which 
the dexter side is half a bezant (or) and the sinister 
half a lourteau (gvle*). • ^ 

Bezanty Bezantee (Her.) Charged with' 

bezant.>i. 

Bezel. (1) The edge and oblique faces of a cut 
gein. (2) The grooved ring for holding the glass of 
a watch or clock. QV) The sloping edge of a cutting 
tool. • 

Biacca White lead. 

Biadetto ( Paint.) A blue paint made from copper. 

Bianco Secco (Paint.) A wash or paint made 
from lime, u.-ed in fresco work. 

Biaxial Crystal (Phyxiex). One with two Optical 
Axes (q.r.) 

Bibcock (Hng.) A ta]) or cock of the ordinary 
shajK' in which the nozzle is bent downward. 

Bibelots (Art). Objects of art, or curiosities, 
used for decorat ive purpijses. 

Biearbonates. Compounds formed by replace¬ 
ment of half the replaceable hydrogen of carb(3iiic 
acid by metals. Carbonic acid has the formula 
HyCOj>soiUum biearbonate is NaHCO,; potassium 
bicarbonate is KIICOj; and calcium bicarbonate is 
Ca(Hr(),v 

Bice (Paint.) A blue paint, inferior to ultramarine. 

Bichromates (j/roperlg called Bichromates). 

Saits of tile unknown acid H./!r.O.; e.g. KyCtyO^ is 
potas.sium ilichromate, often called bichromate of 
potash. 

Bickern. A Beak Ikon (q.r.) 

Biclinium (Areh.mol.) A couch or settee for two 
persons. 

Bicorporate (Her.) Having two bodies joined to 
one he.ad. 

Bicycle. A bicycle may be defined as a vehicle 
propelled by foot power by the rider, and having two 
wheels in line with each other. See aUn ('Tt'LEs. 

Biennial (Botany). A herbaceous plant which 
persists for two seasons. In the .second year the 
plant flowers apd fruits. 

Bifilar Suspension (Phyn., Mechanics). Two 
.similar fibres of equal length, and usually parallel, 
are often used to suspend an object, sncli as an 
eleetroamter needle. At rest, the two fibres lie 
wholly in the same plane; if the suspended object 
be turned, it is slightly raised at the same time, and 
gravity tends to restore it to its original piosition. 
Tlius a continual ilirei-tive force is obtained which Ls 
independent of any torsion in the fibres themselves,* 
or of magnetic or other external forces. 

Blflrons (Smtlp.) Two faces put back to back so 
as to form one lioad— e.g. Janus is often so represented. 

Bifa (Arohifol.) A Boman chariot drawn by a pair 
of horses. 


Bi^t. A loop in a chain or rope; also a general 
term for a bend. 

Bile (Zoology). A secretion of the stored 
up in the gall bladder. It is passed out into the 
duodenum (q.r.) by means of the bile duct. Bile is 
alkaline, counteracting the acidity of the chyme. 
It also acts upon fats to form an emulsion. 


Bilge Water (Hng.) The water which accumulates 
ir the bottom of a ship’s hold; it is removed by bilge 
pumps, worked by hand or steam, or occasionally in 
old ships by a small windmill on deck. 


Bill (Arms) A cutting weapon wth 
a curved point like a beak of a bird, 
used in warfare in the fourteenth and 
fifteenth centuries. 

- (Typog.) A list or scale of the 

quantity of each letter required for a 
fount of type. 

Billete (Her.) Strewn with billets. 

Billet Moulding (Arehiteot.) An en¬ 
riched moulding used in Norman strings 
and archivolts. It consists of a series of 
small pieces nr billets, cither circular o^' 
square in. cross section, placed in a hollow 
moulding, the spaces between the billets 
being usually the same length as the 
billets. 

Billets (Her.) A charge like a small 
oblong, sometimes shown voided. 

Bill Head or Bill Hook. A cutting 
instrument curved at the end and broad 
in the blade. 



BiUi, 

tfiTH 

CesitRY. 


Bind or Tie (Musie). A curved line placed over 
or under two notes of the same pitch to show that 
the second is not to be re-struck, but the sound of 
the first note is to be sustained for the time of the 
two. Sir W. S. Bennett introduced the sign 11 
instead. * 


Binder or Binding Joist (Carp.) The beam 
sjipporting the common or bridging joists (q.v.) 

Binders for Slides (Photo.) The strips of black 
or coloured paper used to fasten round the edge of 
lantern slides to bold the plate and its cover ^ass 
together. 

Binding Straps (Hng., etc.) The metal holders of 
the tool in planing and shaping machines. 

Binding Wire. Fine wire (iron, brass, or copper) 
used for holding small joints during brazing, or 
sometime.^ p«3rnuinentl3'. 

Bioscope. See vnder Cinehatoquaph. 

Bioses (Chem.) A name given to those sugais 
which contain twelve atoms of carbon and arc 
resolved on hydrolysis into two sugars, each of which 
cimtains six carbon atoms; e.g. canc sugtir, maltose, 
ami lactose are bio.scs. 

Biotite (Min.) One of the mica group. A silicate 
of magnesium, pt^tassium, iron, and aluminium, the 
exact composition of which varies considerably. It 
is a common constituent of eruptive and metaiiiorphic 
rocks, and is widely distributed. It is monosvm- 
metric, and it usually occurs as pseudo-hexagonal 
plates with a perfect basal cleavage; the lamin» 
are transparent and elastic. 

Bipennis (Arms). A donble-ed||ed axe 

Birch. Si‘e Woods. 

Birdbolt ( Her.) A blunt arrow. 
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Birdlime. Not a definite chemical substance; it 
contains alwut 6 per cent, of caontobouc, esters of 
palmitic acid, and other substances of nnknovm 
constitution. It is prepared from the inner bark of 
the liollv. 

Bird of Paradise (Zmtlogy'). Family, Paradiseida ; 
order, Patg&reB. A Polynesian family of birds, of 
nearly fifty species, much sougnt after for the sake 
of their beautiful plumage. 

Bird’s Besdc (Architect.') A moulding used in 
Greek architecture. It consists of an ovolo or an 
ogee with a hollow moulding under, and with or 
without a fillet between. It is frequently used in 
the capital of the Greek Uoric anta. 

Bird’s Bye (Plumh.) A bole accidentally made in 
a pipe by a clumsy workman. 

Bird’s Eye Maple (^JJee.) Grainers in imitating 
this wood prepare a ground of whit© lead tinted 
either with a very little vermilion or with Oxford 
ochre. The graining colour is usually burut umber 
ground in water, to which is added a little raw 
Sienna. See also Woods. 

Bird’s Ey& View. A view of a landscape such as 
would be seen by a bird flying. 

Bird’s Mouth (.Carp.) A triangular notch. 
Rafters are birdsmouthed on to the wall plate. 

Bhsemis (Archeedl.) An ancient vessel with a 
double bank of oars on each side. 

Birettai Beretta (.Cost.) A square-shaped cap 
worn by persons in orders (R.C.Ch.) The biretta 
of tbo priest is black, that of a bishop pinqile, and 
that of a cardinal red. 

Birkhill Shales or Graptoiitio Mudstones (Geol.) 
A section of the Silurian rock.s, of marine origin, well 
developed in the Lake Dh'triot, and near Moffat, as well 
as at other places in the south of Scotland. Tt 
consists of a small thickness of black mmlstones, 
which seems to have been formed in deep water, .and 
near the outer verge of the area of terrigenous 
deposits. It contains an extensive suite of graptolites, 
many species of which occur only on a definite 
platform within these rocks, and thas form palason- 
tological zones of much value in stratigraphical 
geology. 

Birth Rate (Hygiene). The birth rate of a town is 
calculated in the following manner: Hupposing a 
town has a population of 170,000, and the nuinbur 
of births during the year is 4,H50, then the annual 
birth rate is 

4,S50x 1,000 _ 2jj.g 
lf0,00t) ' 

The death and marriage rates are calculated in the 
same way. 

Bis (Mvsie.) Twice: shows that the portion so 
marked is to be performed twice. 

Biscuit (Pot.) See BiSQUJS. 

Biscuit Oven (Pot.) See Bisque Ovbx. 

BiselHum (Arehteol.) literally, a seat or chair 
for two; allotted to distinguished persons as an 
hoDom: on public occasions among the Romans: 

Bhdieps’ Length (Paint.) Canvas, 58 by 94 in. 


Bismaiek Brown, 


CJI. 


\ 


N - C,H, 


*NH..HC1 




-NByiCl 

A dye obtained from metaphenylene diamine by the 
diazo reaction (g.v.) Its formation is used as a test 
for the presence of nitrites in water. See alee t)TES 
AND DtEING. 

1 ^ Bismuth, Bi (Che^.) Atomic weight, 208. A 
l^rittle crystalline metal, greyish-white colour, with 
tinge of pink. To obtain it the ore is roasted and 
then melted with charcoal, iron, and slag obtained in 
smalt making. It is readily oxidised to the oxhle Bi..Oj; 
scarcely acted on by hydrosjilcric acid, Imt readily 
by nitric acid forining the nitrate. HoJ, strong 
sulphuric acid forms the sulphate BLCSO^L. Bis¬ 
muth is used in making " fusible metals.” Tills 
element occurs native in foliated or granular mosses 
and also in branching forms running through the' 
matrix It crystallises in rhombohcfiral forms, inucVi 
resembling a cube. Often found in assuciatioii with 
ores of silver, cubiilt, zinc, and load. The nativh 
metal is the most importent source of bismnthc. 
Obtained from Botullack in I'omwal), Caldbeck Fells 
in Cumberland, .“^axotiy, Bohemia, Norwiiy, etc. 

Bismuth Compounds. Bismuth Oxide, BLO,. a 
brownish-yellow comiiound obtained by heating tlie 
nitrate; insoluble in water, soluble in acids. Bis¬ 
muth ChloBIDB, BiCI,, forms white deliquescent 
crystals, and is oiiteined by tiissolving the oxide in 
hydrochloric acid or the metal in aipta regia ; its 
solution gives, with ninclLWiiter. a w hite precipitate of 
Bismuth uxychlobide.BiOCI. Bismuth Nitrate, 
Bi(N 03 ),, a white deliiiuescont crystalline solid formed 
by dissolving the metal, oxide, or carbonittc in nitric 
acid. With water its solution forms tbo important 
Bismuth Oxysitrate, BiONOj, a basic nitrate ; 
insoluble in water as such,.4}ut dccomp?>sod by it 
On prolonged action. Much used in medicine as an 
astringent and antiseptic; also used as a cosmetic 
anrl in painting on porcelain. 

Bismuthine (Hin.) Bismutl» trisulphide, ; it 
usually occurs in acicnlar crystals f>f the rhombic 
.st-stem. Bometimes ma-sive. Colour, lead grey. 
From Ctimwall, Curnberlainl, Baxony, etc. 

Bismuth Ochre (Min.) Native bismnth triuxide, 
BLi.),; its form i.-. rhombic. It occurs as a greenish- 
yellow incrustation on other bismnth ores, but is not 
common. 

Bisque (Pal.) Tlie term given to pottery or 
porcelain after tiring in the bisque even and before 
being glazed. 

Bisque Oxen, Biscuit Oven (Pat.) I.s that in 
which the clay articles are placed, and the heat of 
which renders them more or less vitrified. 

Bistre (Paint.) A brown pigment prepared from 
soot. 

Bisulphates (Chem.) Balts of sulphuric acid 
XHjSO,) in which half the hydrogen of the acid is 
unreplaced by metals; eg. KH80, is potassium 
bisulphate. 

Bisulphites (Chem.) Salts of sulphurous acid 
fHjKOj) in which half of the hydrogen of the acid 
is unrepbooed by metals; e.g. NaHSO, is sodium 
bisulphite. 
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Bit (Carp., Eng,) Name applied to sereml tools 
or parts of tools— e.g, the copper tool used In 
soldering (me aUn BoiiDBBiKQ Inos), and the cutting 
tool used with a brace or drill. See Twist Bit, 
Centbb Bit, ete. 

Bite (Typog.) A blank left in a printed page 
owing to the msket accidentally corering a portion 
of tiie forme. 

Biting In (Engrm.) The action of the acid on 
metal in etching. See Bnobaving and EtCBIMG, 

Bittern (Chem.) The mother liquor remaining 
after common salt has been separated by crystallisa¬ 
tion from sea water. It weS in this liquor that 
Baiard discoveied bromine in lf<2G. $ 

Bitter Spar (Min.) A ferrngiaous variety of 
Dolomite (^.».) 

Bitumen (Paint.) A pigment made from asphalt, 
of a colour resembling !%pia. Being susceptible to the 
weathejK, it should be used very sparingly, or perhap.s 
it would be better not at all. Cf. many of the pictures 
of Sir Joshua Itcynolds. 

• Bitumens (-Vi».) A scries of carbon oomiiounds 
of the olctiaiit and paraffin groups.' They usually 
occur as mixtures. Most are semi-solid or liquid, 
and many have aromatic odours. The principal 
membeia arc: Hachettite (carbon = 8r>-5, hydrogen 
»= 14'."> percent.); Ozocerite (carbon =: 84'5, hydro¬ 
gen «> 13'7 jar c*nit ); Artd)er (carbon =■ TO'O, 
h^diogun = 10'5. oxytrcn =s. lO'.' peroent.); Vetro- 
leum (a mixture of the ^eries t'nilai ■.>), A«i>halt, 
Najihtha, etc. 

Bituminous Coal. Coal containinga largearrount 
of tarry matter or bitumen, Sr aho COAi,. 

Bituminous Paint {Eng.) A j-aint or varnish 
c<'ml)(^•.>d■of tar mixed with resin and tallow; used 
for ironwork under water. 


Biuret ((hem.) A compound formed by carefully 
heating urea at 150^ to 1G0“. Needles, soluble in 
vi'ater and alcohol: melts at I fifi". 


L't't t 




Urea. Uuirot. 

Caustic soda ami cc)j)per sulphate solutions added to 
its solution in wilergive a violet red colouration. On 
heating, binret yields ammonia and cyatiuric acid 
(q.r.) 


Biuret Reaction. When caustic soda and copper 
suJ)>liale solutions are added tr> an .iqiieous solution 
of an albumin a ciolot red colour is produced, while 
aibumosos and pcjitones give a jmre red colour. Tlio 
coloured compound has the formula : 


/ CO - NH, - Cu - 11„N -CO 


NH' 


OH 

OH 


no 

HO 


] NH. 


, CO - Nil, - KK - TI,;N- CO I 


- CO / 


The biuret reaction is given by all substances which 
contain 2( — CONH,^) or 2(— CSNH,) : groups united 
either (1) to each other, (2) to the same carlKm atom, 
(8) to the same nitrogen atoms. It will detect one 
part of a peptone in 10(.t,000 of water; less sensitive 
for other substances. 


Black (Eng.) Applied to work left rough just as 
it cunje from the forge or foundry, as well as to work 
which has been treated with a varnish, paint, or other 
coating. 


Black (Paint.) The so-called colour is due to the 
oircumstance that the substances composing it absorb 
all the rays of light and reflect none. Bla^ pig¬ 
ments are either made by incompletely burning 
various organic substances or are found in a mineral 
state. Among the former arc carbon black, bone black, 
lamp black, ivory black, Bpanish black, and vegetable 
black; among the latter, graphite, Frankfort black, 
etc. See aho Bbunswiok Black, Dbot Black, 
and Qas Black. 

- , Aniline. See Dtis and Dybinq. 

Black Ash. See Alkau. 

Black Band Ore (Min., Met.) Clay iron ore (q.v.) 
mixed with bituminous matter. Occurs chiefly in 
siiales of Carboniferous age in various parts of 
Britain, in Germany, and some other places. 

Black Chalk, A mineral substance used for 
making crayons. 

Black Copper (Met.) The product of one of the 
stages of smelting cojjper. 

Black Damp (Mining). Carbonic acid gas. 

Black Diamond or Carbonado (Min.) Synonyms 
for Bout (q.v.) 

Blackdown Beds ((feel.) A subdivision of the 
Ckkxaceous Hocks which has yielded an abundant 
marine fauna. Its jirocise geological position has 
formed the subject of much discussion. 

Black Flux. A mixture of potassium carbonate 
and charcoal obtained by heating cream of tartar 
out of contact with air. For some purposes this 
mixture contains t .)0 much c-arhon ; in this case the 
cream of tartar is heated with more or less nitre. 
See Flux and Kkducing Mixtures. 

Blacking or Blackening (Moulding). Carbon¬ 
aceous duM (grajjliile, ground charcoal, etc.), which 
is dusted oier the surface of a mould to prevent 
suflden contact of the fluid metal and the sand 
of wliich the mould is formed. 

Blacking Mill (JUovlding). The grinding machine 
for yireparing the fine powder used for blaoking a 
mould. 

Black Jack (Arolurol.) A capacious can. formerly 
made of waxed leather, but now' made of metal. 

- (Min.) A .synonym for Zinc Blknde (q.v.), 

used by miners. 

Black Japan (Dec.) A black quick drying 
varnish much used by carriage painters, but 
useful also to Louse painters in pw'paring rich 
dark colours for glazing and scumbling (q.v.) The 
absence of a gn-eni.sh or a re,dclish cast is the chief 
characteristic oi giwl quality. 

Blacklead (Eng,, etc.) Oiaphite (or plumbago), 
one of the natur^ forms in which carbon occurs. 
U.scd a.s a lubricant where oil is undesirable— e.g. on 
cycle chains, on wooden surfaces where ftloti.m 
occurs, and on the surfaces of jiattenis to facilitate 
withdrawal from the mould; also used in the 
foundry ns Blacking (^.r.) Sec aho Plttubago. 

Black Letter ( Typog?) A name applied to the 
form of type used by the early printers, which was 
subsequently displaced by “Roman" type. Also 
called “ Gothic" or “ Old English." The follow¬ 
ing are black letter type of the sixteenth century: 
SBC. 
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• Black Ofll. Mineral oik vrLioh have not been 
cb'emioally purified. Used for lubrication if snffi* 
eiently viscous. ' See PAEAFPIN and Fulleb s 
Obuase. 

Black Sand {MmUdmg}. Old foundry sand, form¬ 
ing the floor of the foundry, and used for the main 
pai-t of a mould, but not in immediate contact with 
the pattern. 

' ' Black Smoke {Eng., etc.') The result of incomplete 
combustion caused by faulty grates or careless 
stoking. The dischaige of black smoke is forbidden 
by law, And, moreover, represents an enormous loss 
of fuel, since the furnace gases arc carrying off great 
quantities of carbon in a ver}- finely divided form. 

Black^elloriam (ilfia.) A synonym for Kaoyag- 

ITE {q.V.) 

Blackwood. See Woods. 

Blade. The cutting }K>rt ion of various tools, or the 
thin, flat part of a squaie, bevel, etc. 

Bladed {Her.) When the stalk of corn is of a 
different tincture from the car. 

Blanc Fixe {Dec,, ete.) An artificial .sulphate of 
barium, very white and tine and somewhat heavy. 
lYincipally u.sed in papermaking and in the 
manufacture of wallpaper colours. Tt also enters 
largely into the composition of litho^wnc (?.*•.), Orr’s 
white, etc. 

Blank ( Coins). The disk stamped out of a sheet 
of metal ready for Striking. 

- (Eng.) A piece of metal roughly cut. cast, 

or forged to a particular shape rea<ly for accurate 
working up by hand or machine. 

Blank End {Eng., etc.) The closed end of a pipe 
or channel. 

Blanket {Woollm Hanufar) A thick, Ijeavy 
fabric, usually plain woven and covered with fibres 
on both sides. Woollen Blankets are made of 
wool; Union Blankets of a cotton warp and wool 
weft. Cotton Bl.\nket.s are made entirely ot cotton 
with a soft spun weft. 

- {Ettgrav.) A piece of W'oolleu materiaJ wrapped 

round the roller of a press t o equalise the pressure. 

Blank Hole (Eng.) A misplaced rivet or bolt, hole 
which comes opposite to solid material instead of a 
corresponding hole. 

Blank Wail {liuOd.) A wall without an opening 
in it. 

Blank Window (Jhiild.) A window opening filled 
up with brickwork in the form of a panel. 

Blast (Met.) Air forced into a furnace by a fan 
or blower, U.sed in nearlyall metallurgical operations, 
and in steam boUers when required to work at their 
maximum capacity. See Fobced Dkauoht. 

Blasted (Her.) A branch with all its leaves tom 
off; also termed “ starved.” 

Blast Furnace (Met.) A vertical furnace wit'i a 
constriction or narrowing at the top and bottom; 
made of iron or brick, lined with some very refrac¬ 
tory firol)rick or other material. For produciiy? pig 
iron ftom the ore, whicli is shot in from the top along 
with fuel and some flux, an<l kept at an intense heat 
by a hot or (less frequently) cold blast. Once lit, 
the furnace may run for several yetirs before being 
"blown out'’ or stopped. The fluid iron is drawn off 
at intervals from the lower part,- the slag (which 
collects above the iron) being drawn off continuously 
through a special opening. See alto FuBNACES. 


Blasting Gelatine. .An explosive mixture of 
nitroglycerine and nitrocellulose, less highly nitrated 
tlmn gun cotton. 

Blast Main (Eng.) Tlie large pipe canying the 
air from the fan or blower to the furnace. 

Blast Pipe (Met.) The pipe discharging the 
exhaust stisam of a locomotive into the chimney, 
thus producing a forced draught through the fire. 

Blazed Pig or Glazed Pig (Met.) Inferior pig 
iron containing a high percentage of silica. It is 
often profluced soon after a furnace is started. 

{ Blazing Off (Eng.) Tempering steel by coating 
! it, after hardening, '^h gresise or oil, and heating 
r.ie vapour from the oil “ flashes” or lights. 

Blazon (Her.) (1) A shield or coat of arms; the 
chtu-gc.s or devices are called "blazons,” (2) A 
dcscTiption of armorial bearings in jiroper heraldic 
terms. 

Blazonry (Her.) The art of d.clineating or de¬ 
scribing coats of arms in I'l-ojier heraldic terms. 

Bleached Cotton Cloths (Cotton iVearing). A 
variety oi makes may be included under this head¬ 
ing. All of them are woven and jnirely sized in the* 
grey .«tate, an<l bleached afterwards. The following 
are a few ; Longcloths. cambtios, jacconettes, lawn.s, 
nainsooks, toilets, lenoa, etc. 

Bleaching. The removal of colouring matter from 
a fabric by a process of oxidation or rciJiiction, 
OXJDATION is effected by soaking the fabric in a 
solution of bl(-aching jiowdur (^.n), then in a dilute 
acid, sucha.-<suli)liuii'- aci I: inthis way hypochiorous 
acid (y.r.) i< liiicraifd, and this oxidises the colour¬ 
ing matter to a coiourlcss Ciimpoiitid. UrnvcTjoN i" 
effected by submitting tlie fidiric to the action of 
.‘!iili)liurous acid ( 7 .r.); tliis i« often done by sn-pend- 
iiig the fabric in a closed room, on the floor of which 
siiiphur is burnt. In this Ciise hydrogen is added to 
the <“ol()uring matter, and a '•olonrlc-s proiliict is 
formed. Fabrics bleached in this way are liable to 
ngain their colour on exposure to air and light. 
Cotton and linen .are bleacheit In the lirst method, 
and wool, silk, and st.niw b;. tlic see tid. Iiinll ca-ses 
the fabric .sluuild be cliemieall)’ eJoaned before being 
subjected to the blcaol.ing proccs.s. lIy<lrogen per¬ 
oxide, obtains I by tne act ion of liydiochlorie acid 011 
sodium iieroxide (^.r.), is now .sometimes used as a. 
bleaching agent: it bleaches by oxidation. 

- (Pa/ter Mannfae.) Tlie process of making 

disintegrati'fl rags or other pulp perfectly white by 
means ot chloride of lime. 

Bleaching Powder. A white yiowder of the com- 

/’ll 

position Ca ,j It i.s prepared by passing chlorine 

over good slaked lime (Oa(OH) 2 ). Tlie operation 
is carried out in stone chambers, and lasts some 
days. Heat is evolved during the absorjition of 
the clilorine. Bleacliing powder changes on ex- 
]josnrc to air and moi.sture; it contains unciianged 
slaked lime. Wlien treated with water, the solu¬ 
tion contains calcium chloride and hypochlorite : 
2Ca. OC'l. Cl = Cat.'l^ + Ca(t)Cl) 2 . Acids decompose 
it, giving chlorine or liyjiochlovous aci<i; e.ii. with 
hydrochloric acid we may supjiose hypochiorous 
acid is liberated first, and immediately decomposed 
by hydrochloric acid, giving chlorine: 

Ca(OCl)„ +. 2HCT = CaCl, + 2H0C1 
2HOCT + 2HC1 = 20^0 + 2C1,. 

Its solution, warmed with a solution of a cobalt salt, 
gives a steady current of oxygen. 
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Bleak {ZooJ.) AUumut lueidut (family, Cypri- 
nUite). A email, fish of the carp tribe found in 
Earope and Western Asia. Its scales are used in 
' making artificial pearls. 

Bled {Bind.) When the edge of a book has been 
cnt down to such an extent that the print is itffected, 
it is said to have been “ bled.” 

Bleed (^Plumh.) To bleed a pipe is to make a 
small bole to mn off the water so that the pipe can 
be repaired. 

Blend {Paint.') To gradually pass from one colour 
to another witliout abrupt transition. 

- (Woollen Mmitfac.) * A mixture of fibres 

ready for carding. • 

Bllende (Mn.) Zinc sulphide, ZnS (zinc = 66, 
sulphur = 34 per cent.); usually a little cadmium is 
present. Also called SPHAliEEiTK, and by the ndners 
Black Jack. It occurs in complex forms of the cubic 
system.. At one time it was rejected as a useless 
gangue metal, but now it is a valuable source of zinc 
and cadmium. Colour usually black. Often a.s.so- 
ciated with lead, copper, and silver ores, and barytes. 
*Friiifi Alston Moor, >Saxom', Spain, Swi-dcn, Belgium, 
etc. 

Blending {Woollen Manvfar.) The operation of 
mixing wool, cotton, mungo, etc. Blemdug has three 
distinct applications; (1) To the mixture of two or 
more qualities of material; (2) to the mixture of two 
or more colours of material (.1) to the mixture of 
several qualities and colours o*f material. 

Blind Drift {Mininy). A passage not leading to 
any other working; a “ cnl de sac." 

Blind Lode ur Vein {Mlninij). A vein with no 
outcrop {(j.v.) 

Blind P. {Typog.) A paragrajili mark, so 
named iR'Cau-sc the loop of the P is closed. 

Blind Tooling {Jhnd.) Ornamental impreasions 
on the cover of a book produced by iieated blocks or 
to<jls, not fiiu.shed with gill. Called akso Antique. 

BliBter*(Pa*Mt.) A sw’elling of the paint on the 
surface of a picture. 

Blister Copper {Met.) “ Kino metal" (?.»'•) which 
has been roastetl to expel sulphur and then melted 
and run into moulds. The gases e.seaping from the 
molten cojiper pioducc a blistered appearance. See 
auto Copi'un. 

Blistering {Bee.) A frequent and serious fault of 
piunted Work. Arises from a variety of causes, the 
most common of which are(l) painting upon a damp 
surface. (2) imperfect adhesion between coats of 
paint, (3) improper treatment of knots, (4) the use 
of too much oil. Painted work in some jsisitioiis is 
very liable to become blistered, csiKicially where it 
receives the full force of the sun. Executing the 
work in sharp, flat colour {q.v.), and afterwards 
varnishing, generally prevents blistering. A good 
washable water paint may also be used with success, 
with a varnished finish. It is important that in every 
case ample time be given for each coat to dry. 

Blistera {Photo.) Occur in a film through careless 
handling or uneven drying in manufm-.ture. They 
may sometimes be checked by fiooding the plate with 
methylated spirit. 

BUster Steel {Met.) Steel produced by the 
cementation process {q.v.) The apptsarance is due 
to the csoa|:>c of carbonic oxide gas. See also Ibon 
and Steel. 


Bloek {Eng., etc.) The wood or metal frame,c{r' 
ease carrying the pi^ys in lifting tackle.'' ^ 

- {Soulp.) A solid piece of stone or wood 

unworked. 

— {Engrav.) A piece of hard wood on which an 
engraving is cut. * 

- {Typog.) A term embracing woodents, 

zincos, electros, etc. 

Bloek and Start {Build.) Stones 
next to an opening, when alternately 
long and short, form block and start 
work, as in the figure. See Quoins 
and Long and Shobt Wobk. 

Block Chain ( Cycles). See Ctclbs. 

Block Coal. Coal with well marked 
horizontal and vertical divisional 
}daneH. 

Block in Course {Build.) Stone 
walling, used chiefly for embank¬ 
ments, etc.; similar to ashlar work 
{q.v.) 

Blocking or Backing {Carp.) Pieces of wood 
let in or fixed to the walls of buildings. To these 
the joiner’s work is secured. 

Blocking Couree {Architect.) A plain course of 
stone in a classk-al building placed at the top of a 
w'all immediately above the cornice. 

Blocking Out {Photo.) (Jovejing parts of the 
negative with an opaque paint or varnish in order 
that they may appear white in the print. 

Blocking Press {Bind.) A machine used for 
impressing ornamental designs on cloth covers. 

Block Joint {Plumb.) A wiped joint {q.v.) with a 
flange, used for large lead pipes when in a vertical 
po.sition. 

Block Setting Crane {Eng.) A powerful travel* 
ling crane {see CiLVNBS) used in setting heavy 
masonry, sucli as harbour work or bridge piers. 

Block System (Jlailway Eng.) The system of 
signalling used on English passenger railways. The 
line is divided up into sections, each beginning and 
ending with a semaphore signal, A train may not 
enter any section while another train or any part 
of a train is on it. When no train is on a section, it 
is said to be “ clear ”; the signal at the beginning of 
the section may then be put down or “ set at clear ” 
as soon as a train approaches, and the driver can 
enter the section at once. It is obvious that as long 
■ as the Bloc k System is working correctly there is no 
risk of collision between two trains running in the 
same direction on the same line of metals; but it 
does not secure absolute immunity from accidents. 
Indeed, probably no system of signaling can achieve 
such a result. For example, if an '* up ” train became 
derailed or wrecked, it might obstruct the “ down " 
line, and the signalman w'ould have no indication 
that the down line was not clear; and if be admitted 
a train to it, as ho would be justified in doing from 
the information at his command, ,an accident to the 
down train would occur. , 

Block Tin. Tin of second quality, usually cast in 
ingot or block weighing about 3 cwt. The best 
quality is known as Kefined Tin, See also Tin, 

Blood {Zool.) It consists of a clear fluid (plasma) 
containing red and white corpuscles. The former 
are round discs - of a pllowish tint, and serve 
to carry oxy’gen in combination with their pigment 
(.hsemoglobin) ; the white corpuscles are amoeboid. 



Smbt. 




BLO 


56 




ooloorlesfi, and few in number. Blood is used in 
vaiions manufactures— e.ff. in calico printing-, in the 
i^anafactuze of prussiate of potash, nnd in sugar 
refining. tSefi H^BMOonoBiN and Waste Pboducts ; 
Aniual HErrsE. 

Bloodstone (Min.) A variety of Chalceooey of 
dark gmen colour, speckled with red; it is also 
called IIELIOTBOPB. Much used for seals and ri||gs. 
See Pebcioub Stones. 

Bloom (Leather Manu/ac.) Bloom is ellagic acid, 
a greyish powder which deposits on the leather in 
the tan pits. It is practically insoluble in water, and 
separates out in the tan liquors. See BijOuued 

Butt. 

- (Met.) The mass of iron taken from the 

puddling furnace (q.v.) after squeezing to expel 
oindors; also any piece of iron prepared for the 
hammer or rolling mills. 

Bloomary or Bloomery (J/ct.) The first forge 
through whic!» iron passes after it lias been melted 
from the ore, and in wbicli it i.s made into blooms. 

Bloomed Butt (J^eather Mannfac.) A l>ntt (^.e.) 
finished with the bloom left in. Cliielly mannfacliired 
from South American hide.s. Originated in and is still 
chiefly confined to West of England. 

Blooming (Dee.) A defect in varnish or varnisliiug 
giving ri.se to a mist or bloom whicii appears ujwn 
the blight .surface, and dims it wholly or (>artia,ll\. 
The trouble arises from moisture or a want of 
Tcutilatlou. Oan be temporal ily cured by rubliing 
over the sm-fa(;c with a rag moistened in paraffin oil. 

Blooming Hills and Rolls (Mi't.) The macldncry 
liae;l in dealing with the bloom of paddled iron. 

Blottesque (Paint.) I’ainltd in large blots. 
Speetator, Januai-y 24th, ISSo: “The fa.shionablc 
blottesque stdiool wherewith> modem painters smear 
tbeir way to ‘ emolument and oblivion.’ 

B\om(Met.) In smelting, the forcing ofairinU) 
the furnaces. In the foundrj' a blow, or blowho'c, 
is a canty caused by air being enclosed in th > 
molten metal. 

Blover (Mining). (1) A .i<’t of natural gas 
emanating from coal in a mine; (2) blowing 
machinery for pumping air. 

Bloving Engines {Lug.) Either rotai-y machines 
(tee Fans) or large pumps, worked directly from the 
piston rod of an engine. Used for w'orking the air 
blast They deliior large volumes of air at a 
pressure of 2 up to JO lb. per square inch. 

Bloiricg Off (Met.) Driving out the whole of the 
water in a boiler, in order to expel the sediment. 

Blowing Room (Cotton Spinning). That depart¬ 
ment of a spinning mill where opening and scutching 
(g.v.) are carried on. 

Bloving Through (Lng.) Clearing the pipes and 
valves of an engine by sending a current of steam 
through befote Siting. 

Blown CastlBgB. Castings containing a number 
of blowholes. 

Blown In A blast furnace fully started. 

This operation takes three or four weeks. 

Mown Joint (Plwmb.) A lead pipe joint made 
with a blowpipe. 

Blom Oil. A fixed oil (a.v.) such as linseed or 
mpe oil, which has been trei^d by being heated and 
having air blown throngh it. The proce.S8 increasiw 
the density and viscosity of the oil, and renders it 


valuable in the manUf^ctqr^srf lu^iodnts, for 
purpose it is usually mixed -npfibie* xhlneral oil.' 

Blown Out (JIfef.) A Aast^forimoe' which has 
been stopped is said to be “ blowi^oj*t.” 

Blown Band (ffeol.) A .term 'applied to £be 
deposits of sea sand which accumulate on the' sbope 
just above high w'ater mark |n many maritime areas, 
and form sand dunes. Part of the sand ^ blown 
inland in the dry state ; but most of it is transported 
in sea spray driven landward during storms. The 
water drains back to the sea, and the sand *{6 left. 
Much rearrangement is afterwards camAi out by 
the action of the w’ind when the sand is dry. 

^ Blow Off Coek (Dug*) A cock at the lowest part 
of a boiler luswl for emptying it by blowing off. 

Blow Out (Mining). A part of a vain which has 
become docompo.sod. 

Blowpipe. A curved tube with a fine aperture, 
used to direct a jet of flame uu to an object which 
lias to be heated. Used in chemistry for dt-y teal.', 
and in various arts. In tlio latter case a {xirtable 
lamp is frequently combined with the blowpipe, and 
in this fonn it is used for soldoring by plurnbers,* 
electric wire men, etc., and liy paqjtcrs for burning 
off old paint before appl' ing a coat. The air 
cniTcnt is fami.shed either by tlie breath of the 
operator, by some form of Vdower or bellows, or by 
the use of compressed oxygen. The latter furnishes 
the most intense flame known, and will fuse many 
of the most refractory .substances, being secemd onl}' 
to the electric furnace (g.i'.) in the temperature 
which it can attain. 

Blowpipe or Blowing Iron (frfao Manvjiu-.) A 
long hollow iron rod atiout 5 ft. in lengtli and 
vari ing ill diameter from J to 2 in, according to the 
w'eiiiht of t!ie glu.ss intended to be worked. • 

Blow Through Yalve (Lag.) A valve connecting 
the valve box witli il o condenser of an engine, used 
for blowing through (g.v.) before starting the engine. 

Blubber (Zoology). A laver of thick,oily fat 
beni afh the skin of the whale and porjioife. 
quantities of tvliale oil are obtained tVom it. 

Blubber Oils. A r.' ouip of oils obtained from the 
blubber of the whale, .seal, porj-xji.sc, and dolphin 
(black fish), g r. 

Blue (Paint.) One of the primary colours; cf. 
the colour of tlic clear sky or the deep sea. The 
blues used as pigments are practically all compound 
Hub.'itoaces derived either from vegetable or mineral 
sources. Amrmgst. blue pippuents may be mentioned 
ultramarine, Prussian, Frencli, cobalt, royal, smalt, 
etc. (q.v.) 

- , Alkali. See Dyes ani> Dyeing. 

Blue Billy (Met.) A ferruginous residue resulting 
from the roasting of copper pyrites, used as a 
“fettling" (q.v.) in the Cleveland iron district. 

Blue Black ( Paint.) Ivory black. 

Blueing (Eng.) In tempering steel, the production 
of tile blue tint by heating the metal to about 
370“ F. Steel springs, pistol barrels, etc., are so 
tempered. 

Blue John (Min.) A miner’s synonym for Fluor- 
8 PAB (q.v ) 

Blue Lias (Geol.) A term usually restricted to 
the bands of argillaceous limestone which occur in 
the Lower Jurassic Rucks. 

Blue Lias Lime (BuUd.) A lime that will set 
under watei—lc. a hydraulic lime. iSijc Cements. 
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. ,i!hra Hatal .copper Matt (q-v.) con¬ 

taining 60 or 70.toer^dtHtjjOf copper. 

Blae Print mixtore of a ferric salt 

anil potastiium fthtcyanide is spread on paper; light 
produces lin insuluU* blue compound resembling 
Prussian blue. Tiie, unchanged portion can be 
U'^hed away, giving (jC a tracing is being copied) 
wtilte lipes on a blue ground. To get blue lines on 
a white ground the paper may be coated with certain 
ferric salts and developed in a solution of potassium 
feiTocyanide, and then cleared by an acid bath and j 
washed. *Tliis process is less used than the former ] 
one, as it involves much more manipulation. 

Blue Vitriol (6'A/^.) Tfie common name for* 
crystallised copper sulphate, CuSOj5H.p. * 

-A synonym for CHAl.gANTHlTli (^.e.) 

Bluey (jPlMJwS.) A slang name for lead. 

Blunger (Pot.') A vertical cylindrical machine in 
wl.ich knives are fixotl upon a rotating central shaft. 
The usf is to cut up and to amalgamate with water 
such clays as do not icquiro grinrling. 

Boarding (Leathfr Mawfar.) A process used for 
* light leather for prodvriug the natural grain 
markings on the leatl.i r. The skins are boarded np 
(rolled) with a «curM)d board covered with cork, 
wliioh grip.s the damp leather. 

Boarding ( Leather \fa nvfiie .) See also (1-RAINlSO. 

Boards (Isind.) Piei-es of strong strawlvranl or 
milUwaird usi.'d to form the covers of Ixwjks. A book 
in boards has these covered only with paper ; if they 
arc covered with elotli, it is jm eloth hoards', if with 
leather or a like substance, the, book is hmmd. 
Formerly the boards wore of thin wood; hence the 
mime. 

Boosted (Tinild.) The surface of a stone which 
hits been ivorked with a chisel called a boa.ster. 

Boaster (Jdeuljt.) (1 1 A tool made of various 
mtiieriul.-', used in moilollintr cloy or w;ix : ('2) a 

broad-faced chisel used by raason-s for dressing the 
surface .stone, 

B^b Cf)The weight on a penduliiiii, or the weight 
on u pluniblinc. CZ) .\ l ounterbalauee wndgbt used 
in many picei's of machinery. 

Bobbin (liravinq, etc.) An implement round 
which tliread or yjirn is wound in order to be wound 
off agiiin with facility, as required, in weaving or 
sewing. It frequently takes the form of a wooden or 
metal cylinder with a flange or rim atone or both ends. 

- (Plvnih., lie.) An elongated hard wood 

ball for driving through lead pipes, in onler to pre¬ 
vent denting or collapse while the jiipc is being bent 
or hammered. Also termed a “ follower." 

-( Woollen Memn/ac.) An implement on which 

the yarn is wound eithi r for warping or beaming. 

Bobbin Net (Lace Manufac.) Tins is made ujiou 
the twist lace machine us invented by John Heath- 
cote, 1809-11. It is a hexagonal-shaped net in 
imitation of Brussels, and has one sTstem of threads 
traversed diagonally in both direetions, with the 
result that it doe.s not “ run ” wlten cut. Centres of 
manufacture, Nottingham, Tiverton, Chard. 

Bodkin (Archmol^ A large pin or pinlike instru¬ 
ment, generally thicker tHian a pin, used by women 
for fastening coils of hair. 

- (Tyjwff.) A pointed steel instrument used to 

pick out letters in set-up type. 

Body ( Buy.) AppHeii to oils. “ Body'' refers to 
the oon.sistency or viscosity. An oil which owes its 


viscosity to resinous substances in solution should 
not be considered to have ** body.” A lubriosting oil 
should have good body. % '' 

Body (Typog.) The shank of a letter. 

Body CoIoOF (Paint.) (1) Colour which coats or 
covers the canvas, being opaque by tl>e additioh of 
white instead of being transfuireiit., or used as a wash. 

T— or Body of Pigments (Pee.) The property 
of opacity or fiuwer to mask or hide a surface to 
which a pigment, in the form of a pmnt, is applied. 
It is this property which make.« white lead so valu¬ 
able as a paint. Body is sometimes incorrectly 
termed “ covering power ” (g.v.) 

Body of a Work (Typog.) The text of a volnme, 
exclusive of preface, notes, appendix, etc. 

Boghead Coal (_Min.) A synonym for Torbanite 
(</.».) 

Bogie (Eng.) A frame carrying two or four wbetls, 
attached by a vertical pivot to the front or back of a 
locomotive or long truck or car. The bogie can turn 
on this pivot when the vehicle is going round a sharp 
curve. 

Bogie Engine ( Eng.) A locomotive with a bogle 
either under the front or back of the frame of the 
engine. 

Bog iron Ore (Min.) A loose earthy form of 
I-IMONITE often depositod in swampy ground, pro¬ 
bably as tbe result of the decomposition of other 
iron compounds by decomposing vegetable matter. 
It is sometimes worked as an ore. 

Bohemian Olass, See under Glass MJ^'UFAC- 
TUBB. 

Boil (Met.) The stage of tbe Bessemer process 
during which tiie carbon is being oxidised to carbon 
monoxiiii. 

Boiled Oil (Pee.) I/mseed oil which lias been 
lieated to a tempera tOTe of from 210° to 260“ C. 
This increases it.s “dijdng” properties or power of 
absorbing and combining with oxygen. Various 
driers, such as litharge or manganese dioxide, are 
usually addl’d in small <iuantitics to the oil while hot 
to assist the quick drying. Boiled oil is generally 
mixed with raw oil wiicn used by the painter. 
Relined boiled linseed oil is lighter in colour than 
the usual quality, and is valuable for mixing light 
pjiinfs, i)artic:uL’irly zino white (jj.ti.) A simple test 
for drying qualities is to paint a little of the oil on 
a watch glas.s. At the end of twenty-four hours the 
oil should have formed into a hard, glossy skin. 
Raw oil at the end of the same period will have 
remained soft. Unboiled oil is called “ raw oil." 

Boiler Capacity (Eng.) Either tbe cubical capa¬ 
city of tbe boiler or the horse power of the engine it 
can drive. 

Boiler Coating (Eng.) A non-conducting coat¬ 
ing of asbestos, felt, cement of some kind, or some 
patented comijosition placed over boilens to prevent 
loss of beat. 

Boiler Crown (Eng.) The top plate of a boiler. 

Boiler Explosions (Eng.) The sudden bursting 
or rupture of the plates of a boiler; the serious 
consequences which ensue are caused not only' by 
the violence with which fragment.s of in>n, masonry, 
etc., are scattered in all directions, but also by the 
scalding steam, which proves fat^ to persons ex¬ 
posed to it in an inotedibly short space of time. 
Explosions occur through inherent weakness in 
the boiler itself, due to faulty construction; tbe use 
of inferior materials; plates having been comxled 
or eaten away by the action of the water; or owing 
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to an excessive increase of pressure caused by care¬ 
lessness, overworking the boiler, or failure of the 
Safety Valve (v.e.) Strict regulations for the 
management of bouers are laid down by the Board 
of IVade, and enforced by official inspectors. 

Boiler Fittliige and Moantings Those 

parts of a boiler which have to be ailded after the 
carcase leaves the bands of tbo boiler maker. 



Boiler Plate iEng.) Ordinary Lowmoor, B.B., or 
B.B.B. plates (j'.e.) Steel plates are now much used, 
fastened with atetd rivets, and as they can be made 
much larger than iron plates, the number of seams 
and rivets is greatly diminished. 

Boiler Pressnre Varies from 40 or 50 lb. 

per square inch to several hundreds in modem 
“ tubulax ” and “ water-tube " types. 

Boilers. An engine boiler consists of a vessel 
made of wrought iron or steel plates riveted together 
at their edges, and is usually of cylindrical form. In 
the older forms of boiler the fire is cimtained in an 
inner tube, from which there may lead one or more 
flues, which serve the double purpose of conveying 
away the waste gases and of increasing the heating 
surface of the boiler.— A Coknish Boiler (fig. 1) 
contains one large tnbe running 
through the boiler from end to 
end, carrying the grate at one 
end, the other end being con- 
necteft to the chimney. This 
large tube is frequently crossed 
by short conical tubes termed 
Galloway Tubes, which in¬ 
crease the heating surface, and 

also help to strengthen the _ 

largo tube through which they i._cousisH Bou-eh. 
run by acting as stays. One of 
these tubes is shown running through the fire box 
of the vertical boiler in fig. 3.— Lascashihf, Boiler 
(fig. 2): This is similar in out¬ 
ward form to the (lornish boiler, 
but contains two large tubes 
running through it.— Vertica l 
Boilers ; These are used in 
small engines, launch engino.s. 
fire enjdoes, etc. They contain 
an internal fire box, as shown 
in fig. 3. This fire box is fre¬ 
quently crossed by Galloway 
tubes, one of which is shown 
in section in the figure. When 
very great heating surface is 
required, a device known as a Field Tube is used. 
This consists of a tube closed at one end, running 
into the fire box, with a smaller tube open at both 
ends fixed concen¬ 
trically inside it. 

Water can thus 
circulate through 
the tube on ac- 
oountof the double 
passage (*ec fig. 

4 ).— Locomotive 
Boileb: The es¬ 
sential character¬ 
istic of the lorn- 
motive boiler is 
the presence of a 
large number of 
flues, which are 

small tubes carry- s.—V erticjh, 

ing the furnace Boicra. . 


DO, 


Flo, 2.—I.AMASdlRK 
Botceh. 
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gases from the fire box to a smoke box or receptacle 
communicating with the chimney. A diagrammatic 
section of a locomotive boiler is given in fig. 5. 
Water Tube BotugBs : In these boUers the fire box 



is external to the boiler. The latter consists of a very 
large number of tubes communicating at their ends 
with ves.scl« intended to contain a certain amount of, 
water and steam. The structure of a water tube 
boiler will be best understood by reference to the 



diagrams. Fig. 6 shows the Yarrow Water Tube 
Boiler, a is a long cylindrical vessel communicat¬ 
ing with two smaller ones, B, B, by a scries of tubes, 
C. In ordinary use the water will reach up to the 
level shown, and the steam will collect in the space 
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above. Fig. 7 is the boiler introduced bj Batoock 
& Wilcox, a is the vessel where the steam collects; 
B, B arc the heating tubes; c is the furnace. The 
tubes can be cleaned out by means of removable 
plugs, shown at D.—The BtcLLnviLLU Boilbb con¬ 
sists of a number of 
steel tubes arranged 
in a vertical ugzag, 
which is spoken of 
as an “ element ” of 
the boiler. Each ele¬ 
ment communicates 
at one end with' the 
vessel in which the 
steam collects, and at 
the other end wilh 
the adjoining element. 

One clement is shown 
in elevation in fig. 

In many cases an 
•‘FiCOSOMiSBR” is 
added to the Belle¬ 
ville boiler. This con- 
isists of a number of 
elements similar to 
those of the boiler, 
fixed in the “ up 
take” or space above 
the boiler, through 
which the fuin.ice 
gases escape. The feed water is caused to become 
heated in passing through the economiser on its way 
to the b<<iler proper.—F ’lash Boii-RRS : These may 
be defined tis small water tube boilers in which there 
is no vessel to contain a reserve of water and steam. 
A pump injects a small 

(■liiantjty of water into the ^/,ii/irnii/ntriiin>rr^ 
luiilcr at each stroke, and 
this water is convertcil into 
steam almost instantane- (>.—Hekpollet 

ously. The supply of steam Tcseb. 

to the engine is then con¬ 
trolled bjbregulatiti'jr the amount of the feed water 
instead of by throttling the steam. One of the best 
known typos is that of M. .‘<rrpollkt. The tubes 
in this boiler are compre.ssed, as shown in fig. 9 ; 
or in some cases they are twisted or curved after 
being compressed, as in fig. 10, 
in f>rdcr that the amount of 
heating surface compared to 
the volume of water eon- 
tnined may be as laiire as 
possible. Herpollet boilei s and 
otfiers on a similar principle 
are used in steam oars on the I'cses. 

road. As an example we may 
tsike the case of a four-seated car of B horse p<iwcr. 
The boiler contained 95 ft. of steel tubing, with 
2.' sq. ft. of heating surface. The whole boiler was ' 
only 2 ft. C in. long by 1 ft. (5 in. broad, measured 
outside the case. 

Boilers {Mottir Cam). These are of the water-tube 
or the flash types: the former suitable for heavy 
vehicles, such as steam lorries; the latter for light 
cars, alto Boilebs and MoTO» Cabs. 

Boiler Setting i-EnffO The masonry, etc., on which 
a boiler rests and which forms tlie flues. 

Boiler Smithy (fSnff.) A forgo where the angle 
irons and other incidental ironwork of a boiler are 
prepared. 


Boiler Stays (i^.) Bods strengthening the 
shell. In many forms the tubes themselves serve 
as very efficient ‘stays. 

Boiler Testing {E/tg.) Water is forced in under a 
high pressure, which is measured by suitable ffluges. 
The use of water instead of steam in testing obviates 
the danger of an explosion ; leakage is detected by a 
fall of the pressure gauge, and a tear or burst is at 
once noticed, but it will not be violent nor dangerous 
to the operators. 

Boiler Tubes (Eng.) Sec Boilebs. 

Boiling. (1) In the ordinoi-y sense, the production 
of vapour throughout the mass of a heated liquid, 
which occurs, under normal pressures, at a demite 
temperature, called the “boiling point"; (2) in 
metallurgy, the purification of tin by immersing 
pieces of damp wood in the molten metal. The gases 
evolved cause the pure metal to collect on the sur¬ 
face, forming “ refined tin." 

Boiling Point (Z/eaf). The temperature at which 
cavities or bubble.sof vapour form within the mass of 
a liquid. The boiling point is raised by the presence 
of dissolved substances, and also by increasing the 
external pressure, and is lowered by diminishing the 
pressure. 

Bole {Bind.) A fine kind of clay, oontainii^ iron 
oxide, used to prepare the e<lges of books for gUding. 

Boiection Moulding {Carp, and Join.) At panel 
moulding {q.v.) projecting above the surface of the 
framing, which it decorates. Used chiefly for ex¬ 
ternal doors. 

Bollard. A short column fixed in the masonry of 
a quay for mooring vessels; also a similar column on 
the dccl. or bulwarks of the vessel. 

Bolognion Phosphorns ( Chem.) A name given to 
barium sulphide, imtained by reducing the sulphate 
by beating it with charcoal. If, after exposure 
to a bright light, it is removed to a dark place, it 
.shows an orange phosphorescence. 

Bolometer (Elect.) An instrument for detecting 
radiant heat. A zigzag grating of very thin platinum 
foil receives the rays; the rise in temperature pro¬ 
duced alters its resistance, and upsets the balance of 
a Wheatstone bridge (q.v.), of which it forms one 
arm. It detects, rather than measures, radiation; 
but within certain limits the deflection of the 
galvanometer may be taken as a measure of the 
amount of radiant energy received by the grating. 

Bolsover Stone. See Bitildikg Stoke& 

Bolster (Architect.) The return part of tlic volute 
of an Ionic capittil. See Balustek, Abchitectuee, 
Obukbs op, and loxic. 

- (Eng.) The part of a )>uuching machine 

which supports the metal which is being worked 
upon. 

Bolt (Arms). An arrow, especially a short, thick 
arrow that was used with the crossbow; this latter 
weapon was also termed a “ quarrel.” 

- (Sind.) The fold in the sheets at the head 

and forego (top and front ) of an “ uncut ’’ book. 

- {Cloth Mannfac., etc.) .i roll of woven fabric, 

varying in length according to the faibric, being in 
some cases 110 yards, in others 28 ells. 

- {Eng,,etc.) (!) A. general term for the screw 

with fixed head and loose nut used in fastening up 
metal or wood work; (2) an appliance for fastening 
a door, consisting of a piece of iron wbicli moves 
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loDgitndiaally through guides on the door, so that it 
can be shot into a socket in the doorpost; (3) that 
part of a lock which springs out aud eaters the 
reoeptaole or •* keeper.” 

Boltaot, aUo Bolting (_Ifer.') Said of hares and 
rabbits when running. 

Bolting (dfet.) Cloaii^ up the “tap hole” of a 
cupola furnace with clay in unler that a fresh amount 
of molten metal may accumulate. 

Bolt Haohine {Bnif.) A machine for forging the 
blanks of bolts,' ready for screwing or cutting the 
thread. 

Bombardon. See MvaicAt Instbumskts—Wind, 
Bbass. 

Bombylios. A small antique vase with a very 
narrow neck. 

Bond (Jlitild.) The method of laying bricks or 
stones so that the vertical joint below is covered by 
the brick or atone above it. See Dutch, English, 
Flbmish Bond, etc. 

Bond Block {JiuUd .) A bond in which a uuml>er 
of headers (^.v.) are laid side by side. 

Bonder A stone going ihrceqnarters 

through the thickness of a wall. 

Bond Timber {Carj).") Timber fixed by being 
built in walls; wall plates, etc. 

Bone ) The substance forming the skeleton 
of the body; it is composed of inorganic and <»rganic 
matter in the proportion of 67 parts of the former 
to 33 parts of the latter. The inorganic matter con¬ 
sists of calcium phosphate, carbonate and lliioride, 
and magnesium phosphate. The oiganic matter i.s 
oheifly collagen, which on boiling i.s converk'cl into 
gelatine. B<>ne is traver.sed by a network of canahi 
canying blood\ essels. The bones of variou-s animals, 
chiefly tho.se of tne ox, are used in turning and in 
cutlery; also in the manufacture of charcoal or bone 
black. Bone ash is u!»ed in assaying. Bone prepara¬ 
tions form excellent manures, owing to the jmosphate 
of lime which they contain. See alse Wastl 
Pboducts. 

Bone Ash. The residue that remaiQ.s when bones 
are strongly heated in air; a white ijowder con- 
aisting of calcium phosphate (^) and magnesium 
phosphate, calcium carbonate, culeinm oxide au<i 
calcium, fluoride, the last four substances together 
forming about Jth of the bone ash. 

Bone 'Btdt (Creel.) A name which is now usually 
restricted to any band of rock which yields an un- 
osnalJy large number of remains of veitebratos, which 
in most cases are those of fish. One bone bed occurs 
in the Ludlow Bocks, near the town of that name; 
another occurs in the Lowbb Caiibonipebou.s rocks 
of the coa.st of Fife, south of Kirkcaldy; a third is 
found in the Bhietic Beds near Anst, on the Bri.rtol 
Channel. 

Bone Black. The same as animal charcoal Qj.v.) 

—— (Paint.) A pigment made fiom carbonised 
bones. It mixes well with water and oil, and is 
quite permanent. The better grades of bone blacks 
are often sold as ivory black (g.o.) 

Bone Oil. When bones, freed from fat, are dis- 
tQled in iron retorts, gases are given off, and a 
distillate is obtained which separates into a watery 
part, rich in ammonia and its compounds, and an oU 
<HiU^ bone oil, having a disagreeable smell aud a 
dark brown colour. This oil is a complex mixture of 
Amines (g.v.% ^Hitiiles (g.v ). Pyrrol C?-®*). Pyridine 


and its homologues (^.i>.), Quinoline (q.v.), and 
other less important constituents. See aUo Wastb 
Pboducts. 

Bone Twqnoil (Min.) Fossil osseous remains 
coloured by phosphate of iron. Also called Odon- 
TOLITE. It is used as a sub.^titnte for TUBQVOis. 

Boning Btaves or Rode (Surveying), Used in 
levelling. Staves, usually 3 ft., furnished with 
T-head. 

Bonnet (Eng.) (1) The cap or cover of the valve 
box of a pump; (2) the cover or liood of a forge; 

(3) the cover plac^ o^^r the engine of a motor car, 
usually pieiced with parallel slots to allow the free 
play of air round the engine to,,aid in the cooling; 

(4) any case nr cover in engineering. 

Bookbinding. Before the invention of printing, 
the manuscript books, which were chiefly of an 
eeclesia.stical cliaracter, were Imund by the monks. 
Owing to the great amount of labour invtfllved in 
' jwodiKiiiig tliese books, they w’ore highly valued, and 
j the binding or cover of a book wa.s frequently richly 
} ornamented with gold and silver work—sometimes • 
; even jewelled. Binding in this style is known as 
I “ Byzantine.” By the end of the fifteenth ceniury 
I bookhiuding bad become an art by itself, althongli it 
j was probably in the works!.op.", of ti e early printers 
I themselves tliat biudioff was cxi'cuted. In addition 
j to royal itatrons of tltc art, the rao.st celebraled 
bibliophiles tir cnlleetor.s of t>.,oks during the .six- 
teenth century were Maidli, Orolier, andDe I'hou ; and 
doubtless the books forming their resjieclivc librruies 
were bound iminedi.nttly umler their supnrtislon. 
TIowbeit, in those and other early instances, bindings 
arc known by the names of their collectors and not by 
I theiiiimeaof <he actualbinder.s. Among.st celebrated 
I bim lei .s emploved in the n lyai sen ice in France, w’bere 
I the art was so ardently' cultivated in Iho sixteenth 
(‘outiiry, were Nicolas and Clovis Eve. In the stwen- 
tecntli century the most celebralod artists in Iho 
profession woic Le Gascon and Du Snoil, the fonner 
noted for his pKinfille work—innumcrabk' minute 
■ dots in geometrical arningemeut. Later come 
Padeloup and Dcrome. J n England one of the binde.rs 
in the icign of Heniy ''.’If. whose name has Iwen 
handed down is Julian Botary, and in the following 
reign there \\a.s one John Iteyues. Two and a 
half centuries later w'e eoinc to lioger I’lnne, one of 
the best English binders; w! ile hater still Baumgartcu, 
Kaltlioeber, Bo' n, and others have left cxamplc.s of 
work which place them in the first rank. To come 
to pre.sent-day work, a bo.ik yiroijerly bound pas-ses 
through twenty-three distinct and different processes, 
but each process niight be again divided and sub¬ 
divided. The book, when it comes from the printers, 
is ftmt foldoii, or, if it has been previously bound in 
cloth, it is “ pulled ” or taken to pieces. Next it is 
•collated—that is, the sheets arranged in proper ortler 
and ascertained to 
be perfect, and the 
plate.--, if any, pasted 
in tlieir ijlaoe.s. It 
is then rolled or 
pressed, and after¬ 
wards sewn. In sew¬ 
ing, each sheet is 
fastened to cords by 
a thread going along 
inside the fold of the 
back, tbe ends of 

these cords being Sewiho Faus. 
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aiterwajrds'laoediato the boards. Nextifoldedpsperc, 
plain or coloured, are placed on the front ond reveree 
aide, being edged on with paste. When these are 
dry, the cords are ravelled out and slightly scraped. 
The hook is now put into a laying press between a 
pair of firm millb(mds, the back standing up about 
2 in. above the cheeks of the press. Three, or 
four books of the same size may be put in at one time. 
The back is then glued over with thin glue, and the 
book taken out of the press and left to diy^. It is 
next rounded and backed. For backing it is placed 
in the laying press, be¬ 
tween a pair of bevelled | 

boards, called backing • | 

boards, the rounded * 

back standing up above 

the boards and showing _ 

a margin o£ the end I' l|| jjffl i 

papt'ts as wide as.the . / 

thickness of the mill- lii)fflra|||l/ ™ESS ) 

boards itbout to be used. |j|y |||||||||||||/ { 

The press is then screwed ffl III Pill "* 

up tightly, and the book pdllUlllillij 

•is backed by striking after Backinv 

the back witli the ham- Bacivcnc. 


mer, gently at first, commencing in the middle and 
beating the back down to the lievelled boards, first 
on one side, then on the other, the back being 
finally modelled into a good shape. The next pro¬ 
cess is to cut tiie boarrls. Having been roughly 
cut with the large shears, somewhat near the size 
of the book, they are squared with the plough 
just a little larger than it is intended to cut the 
book—the standing rule in good work being to leave 
every book as large as possible. When the boards 
are cut to size, they are placed one on each side of 
the bqpk, and a mark is nia<lf where the cords come. 
Then holes are pi()rce<i throngli these marks, the 
Ixjard is turned over, and other holes pierced about a 
quarter of an inch away from the first lioles. The 
ravelled out corrls or slips arc then pasted and 
twisted to a pednt with the finger and thumb, so that 
tbc'y can easily be passed through the holes—in at 
the first hole and out at the second. They are then 
drawn tight and the surplus ends cut off. The ne.xt 
step is to rivet, the cord by liaraniering it smooth on 
the knookiug-d own iron—an iron casting with uneven 
surface made to lit in the laying press. Tho book, 
after being rounded up and put into good shape, is 
put into the standing press, screwed up as tightly as 

E essible, and generally left in till the next day. 

efore it is taken out of the press the back is pjtsted 
over with thin paste and rublved smooth, then wiped 
dry with a handful of jiajicr shavings. Some perform 
this operation as soon as the book is put into the 
press; but when the pressure is removed from the 
mass of paper forming the book, it naturally rises 
somewhat, in conseqnonce of being dry, and frequently 
tim back cmcks, whereas if the back be moist when 
the prtsssure is taken off, the exjainding mass of paper 
conforms to the new conditions upon being taken 
out of the press, without any danger of eraciking. 
The book is next cut. First, the top edge, 04illed the 
bead; next, tho bottom edge, called the tail; and 
lastly, the front edge, called the fore<1ge. The 
cutting is done by lowering the front board as far 
down from tho head as it is intended to cut, placing 
a thin piece of millboard l^etwecn the back board 
and the book. Then it is lowered into the laying 
press until the top of the front board is even with 
the cheek of the press, which is then screwed up 
tightly, and the book is cut by working the plough 


backwards wd forwards, the operator closing it as 
he pashes it away and opening i% as he dmws it 
towards him. The same operation is repeated in 
cutting the taiL In catting the foredge, two 
trindles—flat pieces of 
steel or wood about an ^ I 

eighth of an inch thick S | 

’—^are placed between 
the back and the boards. 

The book is then lifted 11 

up between both hands, v////////^ ijH 
and brought down with HI | 

some force upon the |1|W 

cheek of the laying Mam 

press; the back, strik¬ 
ing the press, becomes 
flat, the trindles keep¬ 
ing it in this position. 

A cutting board is then g^criosi or Book and Fresi- 
placed on each side, Forxdue Fahtly Cut. 
that on the front side 

being even with tho line to be cut through, and 
that on the back raised a little above. The posi¬ 


tion for placing the cutting boards is rcgpdated by 
drawing a ^jne with a sharp point or pencil on the 
end paMrs along the front edge of the boards on 
each si%, and the book is cut as much below this 


line as it is desirable to have the boards pro¬ 
jecting beyond. It is then lowered in the press, 
after taking out the trindles, bringing tlie front 
cutting board even with the cheek of the press, and 
cut with the jilough in the same manner as the head 
and tail. When taken out of the press, the back 
resumes its round shape again, and the foredge will 
be the reverse of the back. The next process is to 
ilccorate ihe edges. They may be sprinkled red, 
brown, or blue, or coloured red or yellow, or indeed 
any colour; or they may be marbled or gilded. 
Next, the book is headlianded. A very narrow strip 
of .stiffened vellnm or glued cord is fastened to the 
back of top and bottom eilges by means of silk or 
cotton of various colours being twisted round the 


same and fa-xtened to the b.ock at short intervals. 


Then the back is lined with brown iiaper and thin 
strips of leather glued on to form bands, or it is 
simply glued over, and is now ready for covering. 
This is perhaps the most critical opt;ration in book¬ 
binding. The leather having been cut to the size, the 
edges are paved with a sharp knife just where they 
will bo turned in by the headband—not all round. 
The cover is now pasted smoothly all over, and allowed 
to soak for a short time while the boards are being 
placed in position, etc. It is then placed upon the 
workboard, pasted side uppermost, and the frent 
side of the book laid upon it, care being taken that an 
even margin of leather is left round the three edges. 
Then tho other end of the co\er is lifted up and 
drawn over the back edge, being smoot hed out care¬ 
fully with both liauds. The board is now lifted apd 
the mai gin of leather on the forerlge is turned over 
on to the inside of the board with the forefingers and 
thumbs of both hands. The book is then turned over 


and the 0 {)eration repeated on the other side. Next, 
tlie book is held in the left hand and the boards 


allowed to fall open on the werkboard, and, being 
broughi to the edge of this, the margin, of lather, 
head and tail, is also turned over on to the inside of 
the boards wiUi the finger and thumb of the right 
hand, beginning at the headband, in which place it 
is turned over on to itself; and to aocomplish this it 
is necessary to raise the book somewhat away from 
the boards. The edges of the boards ore then made 
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smooth and sharp with the folding stick. There will 
then be some surplus leather at the comers. To get 
rid of this it is pinched together with the finger and 
thumb, or both thumbs, and then cut through with 
the shears and smoothed down with tlie folding stick, 
one edge lapping slightly over the other. When dry— 
generally the next day—these two layers of leather 
are cut throngb with a sharp knife at an angle of 
45, the surplus pieces taken away, and the two sharp 
ec^es pasted and carefully joined. The next process 
is to trim the inside margin of leather round the 
three edges of the boards, and fill in the centre space 
with thick paper, making it level with the rim of 
leather. The end papers are then down to 

the boards, care being taken to leave an even margin of 
leather round the three sides.- and the book i.s bound. 
Then follows the decoration, or, as it is called, the 
finishing, the only necesmry part of which is the 
lettering. The finisher’s first process is marking up. 
He makes certain marks upon the leather to guide 
where lines or tools are to be impressed. Then the 
leather is carefully washed over with vinegar if it be 
morocco, or paste water if it be calf; and when dry, 
a coating of albumen is laid on wherever the gold is 
to appear. If the back is to be “ full gjlt," then the 
albumen is sometimes put on with a sponge—always, 
in the case of calf; if only lines each side of bsmds, 
then the albumen (glac 6 ) is put on with a camelhair 
pencil. When dry, the gold is cut on the gold 
cushion to the size required, and the part to be 
finished is well neased with oil, lard, or vaseline, 
according to the leather. Then the gold is taken off 
the cushion with a pad of cotton wool, which has 
been previon.sly dabl>ed on the hair to cause the gold 
to adhere temporarily to the pad, and then placed 
on the part about to be finished, and well dabbed 
down with the [lad. The book is now put Into the 
finishing press, the back standing out a little above 
the cheeks. The lines and flower or scroll tools, 
having been heated at. the stove or gas pan, are now 
impressed on the back over the gold. Afterwards 
the surplus gold Is wiped off. The book i.s now 
lettered. The panel or part where the lettering is to 
appear having teen glaired and greased, the gold leaf 
is taken up with the pad as before, and laid all over it. 
Then, the book being in the press with the back 
standing a little way out, the head away from the 
workman, a fine tliread is drawn across the gilded 
panel. This makes a fine dark line upKin the gold. 
As many lines are drawn as there are lines of letter¬ 
ing. The letters, having been heated at the stove, 
are impressed on the leather singly, the top of the 
letter being placed jmst under the line, flreat care 
is ‘necessary to ensure an equal pressure upon each 
letter. The lettering may be done with type. In 
this case a line of lettering is completed in one 
impression. The surplus gold is wiped off with the 
gold rag, and the surface cleaned with indiarubber. 
The sides of the book may be quite plain or finished 
elaborately. In the latter case it is usual to impress 
with all the tools before washing up for glairing, 
and glair with a camelhair pencil over the impres¬ 
sions. The gold is then laid on with grease, and 
the tools impressed through the gold—surplus gold 
wiped off as befote. The whole is tlieri polished with 
a moderately warm polishing iron. The book is then 
placed in the press between japannoil )>latesor bright 
smooth tins, and left in, if convenient, till the next 
day. Ordinary cloth bindings, in which books art* 
issued by the publisher, are much simpler than the 
above. In these the book is sewn by hand or 
mav-hine, glued up and rounded and generally backed. 


but not always or necessarily. It is then pasted into 
a case which has been made quite separately, and in 
which it is simply held by the end papers and a thin 
strip of cotton cisdled mull.—B. Dfi C. 

Boom ete.) Any long beam, especially the 

long, solid parts of a built-up girder. 

Booster {Elect. Eng.) A subsidiary dynamo, used 
to keep the voltage at some part of the circuit 
remote from the principal dynamo, up to some 
constant value. The purpose of employing a booster 
is to obtain independent control of the voltage at 
some point or points of the circuit without alteration 
of the voltage of the main dynamo. The booster is 
often so adjusted as to automatically maintain 
constant voltage at some distant point of the circuit; 
often also to provide varying vultsure, as for storage 
battery work. 

Boot Boiler {Build.') A boilen 
fitted in a range. It is shaped 
like a boot, with the top part at 
the back of the fire. 

^ Boracic Acid {Min.) Nati\e 
'bnracic acid occurs as a seali 
, crystalline deposit around fnma- 
I roles, marking the subsidence of 
volcanic activity in a district. 

Tbe crystals are minute, of the 
triclinic system, and give a 
peculiar nnctuous impression Uoileb. 

when rubbed between the 
fingers. From Lipari, Tuscany, Bienna, Atactinia, 
etc. Coniiwsition: BiOHjj. also BOKON tJoM- 
rorNDS ( (Ihrni.) 

Boraoite {Min.) A borate and chloride of mag¬ 
nesium, GMjO . I 1 I 9 CI.,. BB-O, (boracic acid = 62‘6, 
magnesia = 26*8, magnesium cliloride •■= per 
cent.) It occur.s in cubic crystals of considerable 
hardness embedded in Anhydbitk, in Hanover; it 
also occurs massive (;.u.) in the salt mines of 
Sta.ssfurt. 

Borates Salts of boric acid ( 1 ^.) 

Borax {Min.) Sodium biborate, Na^B^O;. lOHjO ; 
boracic atdd, 36*6; soda, 16-2; water, 47*2 per cent. 
It crystallises in prisms of the monosymmotric 
system; it is largely used as a flux {g.v.) and in tbe 
manufacture of glass and of artificial gems. It occurs 
chiefly in Thibet (whence it is exported as Tinoal), 
Persia, Tuscany, Peru, and various part.s of North 
Amoiica. Sir also BOKON COMPOUNDS. 

Bordering Wax (Engrav.) A composition employed 
to make a raised border or rim round a plate of metal 
so as to retain the acid used for biting in during the 
process of etching. 

Bordure {Her.) A band which entirely surrounds 
tbe .shield, and is one-fifth of the field in width : the 
mark of difference of a younger son. 

- Compony or Gobony {Her.) Is composed of 

a metal and colour alternately. 

Bore {Eng.) The internal cavity of a pipe or 
hollow cylinder. 

- {Mariju‘). Any very marked and sudden rush 

of the tide up an inlet. 

Boring {Eng.) Making, or finishing, a circular 
hole or “ bore.” 

- {Mining, etc.) A small hole, made by a drill 

of some form, to ascertain the nature of rocks below 
the surface, or for introducing a^ blasting charge. 
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Boring Bar iBng.) A long rotating bar carrying 
a “boring head” or holder for the tool used in boring 
circular boles. In some cases the head can “traverse ” 
or move along the bar; in others, the head is flxed to 
the bar, and the vrork has a slow longitudinal motion 
to produce the “-feed.’’ 

Boring Machine (^Eng.) Any machine for boring 
or for driving a boring bar. A self-acting lathe 
can be utilised as a boring machine by mounting and 
relating the boring bar between the centres, and 
bolting the work to the saddle of the slide rest. 

Boring Tool {Eng.} A tool resembling a turning 
tool mounted on a boring head and bar ; sometimes 
applied to some form of drill mr wood or metal, /kie 
Bobikg Bab, Drill. 

Borneo Camphor. Set‘ Camphor. 

Bomlte(J/in.) A synonym for Ekubbscite (g'.p.) 

Boron, B. (^Chfm.) Atomic weight, 11. This 
element's not found native, but occurs in various 
combinations in the minerals boracic acid, borax, 
boracite (g.v.), ulexite (NaC.iBjOg. SH^O), priceite 
^5CaO . <)B,,0,. WUjO), panclermite, datholitc, etc. It is. 
a light maroiiu-ci-Inured powder; burns at a high 
temperature in air, forming boron oxide (B^O,) and 
boron nitride (BN); latter compound also formed 
when it bums in nitrogen, which it docs at a high 
temperature. It i.s a verj’powerful reducing agent, 
reducing metallic oxides when heated with them 
more readily tlian carbon. It is obtained by lieating 
the oxide with magnesium powder at a high 
temperature ami treating the produc-t in succession 
with water, hjdrocliloric acid, water, .alcoholic 
potash, water, liydrofluoric acid, water; once more 
heating with a little oxide and again treated as 
above. Said to iiave been obtained crystal!i-sed, but 
crystals probably impure. It is a non-metallic 
element belonging to the aluminium group in the 
periodic system. 

Boron Compounds. Bobom Htiibibe, BU,. a gas, 
not known jmi'C ; burns with giee.n tiame, and ob¬ 
tained wiitgi alloi of boron and magnesium is treated 
witli by<lrochloric acid. Bokon Nitbide, BN, an 
infusible white powder obtained as under boron and 
also by heating anhydrous borax with ammonium 
chloride. It is decomposed by steam, giiing am¬ 
monia and l)OTic acid; according to some this is the 
.source of the boric acid of the hot s|iriugs from 
which the acid is obtained. Bobos 0.\:idh, BjO„ a 
white hygroscopic solid obtained by lieating boric 
acid. Heated with salts of metals, the acid of the 
salt is expelled and the oxide dissolves in the boric 
oxide, often giving a characteristic colour; hence the 
use of Viorax in testing by the “ borax head.” Bobic 
Acid, H,B0„ crystallises in plates ; is soluble in 
water. On careful he.iting gives first nieta boric 
acid, HBOj, and then pyroboric acid, 11.3,0.. It is 
one of toe wcake.'.t acids; it turns turmeric paper 
brown. It gives a green (lame in the Bunsen bnrncj-. 
A solution in glycerine, called boro-glyccridc, is used 
in luerticine os an anti.sepric. Boric acid is an anti¬ 
septic, and is much u.sed as a food prcsevvaii\c. It 
is obtained by ooudeusing the jets of steam (rnffioni) 
of volcanic origin, which ari.so from tlic ground in 
parts of Tuscany. The,steam contains traces of 
boric acid. The comlemsed steam is evaiKnatod by 
the natural heat of the snffiom. It may also be 
obtained by acidifying a strong solution of borax 
with hydrochloric acid. Boba'x, Najlt,()jlOHjO, a 
white cr>stalliDe solid soluble in water. Solution is 
alkaline. Readily docoinposed by acids. Tt is an 


antiseptic. Extensively used as a preservative and 
in making glazes of many kinds. It is a derivative 
of pyroboric acid, 

Bert (ilfin.) A black massive variety of diamond. 
A native form of carbon. It is useless for jewellery, 
but is very extensively used in the cutting and 
polishing of gems and in rock boring, the boring 
tools being armed with fragments of it. From 
South Africa, India, Brazil, etc. 


Bosh (^Forging, ete.) A trough in which “bloomary ” 
tools are cooled. The same name is used for the 
trough in which hot ingots of copper are cooled. 

Boshes iMet.) See Fubmacbs. 

Boss (^Architect.) 

An ornament, usually 
carved, formed at the 
iutersection of the ribs 
of either a vaulted or 
a fiat ceiling. The 
same name is also 
given to the. ornament 
which frequently ter¬ 
minates a dripstone. 

See Rib Afib Panel 
Vault and Hood 
Mould. 

- (Eind.) A 

mclal ornament fastened on the covers of books 
either for decorative purposes or to preserve them, 
in early times the “umbo,” a round knob, occupied 
the centre of the cover. 



Bo.S4 (Decx>bateo), 


- {Eng.) (1) The central part of a wheel, etc. 

(2) A projection intended to carry a shaft, pro¬ 
jecting pin, or other added part of a machine. 

- {{fasAtting). A brass ferrule with an 

internal thread to screw a gas tap into. 

Bossing {Plumb.) To work sheet lead into trays, 
gutters, and cesspools out of one piece of lead by 
turning up the sides, ends, etc., without cutting, 
soldering, or burning. 

Bossing Hnllets. Round tapered mallets for 
“ bossing up ” sheet lead or hammering it into any 
required shape. 

Bossing Up {Eng.) Forming a raised part on sheet 
or .solul metal by hammering or forging. 

Botteher, also Bottger Ware (Pot.) A hard ware 
like red jasper, manufaoture<1 at Meis¬ 
sen, .Saxony, polished by the lapidary’s 
wlieel, and called after the manufac¬ 
turer, Johann Frederick Bottger (1682 
—ITIU), who also discovered the 
method of making true hard porcelain 
in imitation of the Chinese. 

Bottega. Italian word equivalent Boticukr Ware 
to “ shop applied to the,place where Mark. 
Italian artists used to paint their pictures and in¬ 
struct their pupils. 

Botteroll, a/so Chape or Crampelle {Eer.) The 
pieie of iron protecting the point of a sword or 
dagger sheath. 

Bottle Glass {Glass Manvfxe.) This is monu- 
facturc'd from a mixture of the silicates of alu- 
miniura, calcium, and sodium which are readily 
fusible ; but the glass is deficient in purity and 
lustre. 

Bottle Jack (J£%.) A light screwjack (^.r.) 
whose external form resembles that of a bottle.. 
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BotUe Noae Drip (Plumb.) A &ip or step ia 
roof work, formed with a rounded edge.* 

Bottle Hoied (Puild.) A step with a rc^nded 
edge and end. 

BottUng Up (Eng.) The collection of steam in 
tubes or pipes when it is being produced too fast to 
escape to t^e steam chest or spaces above the water 
level of a boiler. 

Bottom Bars (Lace Manufac.) A series of steel 
bars tiiat work, in a lower p<jsitioa than the ordinary 
or “top bars.’*. They are used to measure the 
capacity of the machine in the production of 
“ design." 

Bottom Board (Mould.) A board used to hold 
np the lower part of a mould while sand is being 
rammod in round the pattern. 

Bottom Bracket CrcLKa 

Bottom Card (Eng.) An indicator diagram (q.v.) 
taken from the lower end of a cylinder. 

Bottom Face (Mould.) The part of a mould or 
casting which is at the bottom during the operation 
of casting. The bottom face is always the soundest 
part of a casting. ^ 

Bottoming (Eng.) The rubbing of ^e points of 
one gear wheel into the bottom of the spaces between 
the teeth of the other wheel; prevented by allowing 
sufficient bottom clearance. 

Bottoming Tap (Eng.) A tap {q.v.) with the 
thread carried right to the end, in order to cut a 
thread right to the bottom of a bole. 

Bottom Rail (Carp, and Jidn.) The lowest rail 
of a piece of framing, door, sash, gate, etc. 

Bottoms (Met.) The residual alloy containing 
various impurities when tine metal (q.v.) has been 
roasted in the manufacture of copper. 

Bottony, aleo Botone (Her.) See Onoss TR£FFi.ii:n. 

BottldeF Clay (Qeol.) Properly applied to tlic 
clay which was formed by the direct action of ice 
(luring the Age of Snow, and which contains a 
heiterogeneous mixture of stones which have been 
derived from many sources and are quite nnsorted 
in regard to size. Many of the atones or boulders 
show the strirn characteristic of glacial action. 
Most boulder clay is now regarded as having been 
formed englacially—i.c. as representing material 
which was formerly dispersed throughout the lower 
part of the ice, and has been melted out of it as a 
kind of sediment. 

Boulders (Gcol.) A term somewhat loosely 
applied to any large blocks of .stone which Imve 
found their way to some distance from the parent 
rock. Those which have been detached by 
weathering and have travelled downhill under the 
influence of gravitalion are often usefully distin- 
goisbed as Tumblerh ; and the term Bocldeb 
is applied by the best authorities only to stones 
whose traneportal has been effected by the agency 
of ioe, more especially during the Age of Bnow or 
the Glacial Period. 

Boolerardt Originally meant the bulwark or 
rampart of a fortified town; now used of an avenue 
or ^,a walk encircling a town. 

^ ^urdoB’i Gauge (Eng.) The instrument for 
measuring steam pressure. It cumsists of a lengtli 
of tube of oval section closed at one end and bent 
into a curve. On steam being admitted, the tube 
tends to straighten itself, and the amount of move¬ 


ment, which ii shown by means of a pointer and a 
dial, indicates the preasuxe of the steam. < 

Boorj^eois (Tgjn^.) Type one size smt&ler than 
long primer and one size lai^r than brevier. , 

Booniemottth Beds (Oeol.) Middle Booehe strata 
of maiine origin, typically developed near the town 
of that name on the South Coast of Bnghind. Tiiey 
hare yielded an important suite of fossil plants. 

'V 

Bournonite (Min.) A sulphide of copiier, lead 
and antimony, 3(PbCUj)S.^ SbjS,; copper=» 12—16, 
antimony = 24—29, load = 4(9 —43, sulphur = 18—20 
percent. Also called ^NnELiiiOKiTB, Wheel Oeb, or 
Hadelebz. The latter niune is from the spokelike 
arrangement of th e twinned rhombic crystals. Some¬ 
times massive. , Cornwall, Saxony, Harz, Chili, 
Bolivia, etc. 

Bovey Tracey Beds (Oeol.) Beds of limite, 
occurring in Devonshire, which have yielded an 
extensive suite of vegetable remains, th(? general 
facies of which indicate.s that they are of late 
Oligoccne or early Miocene age. 

Bow (ArsM). The bow lias been used as a weapon 
of war and for purposes of sport as far back as tiiere 
is any record, tl.ough naturally it varied gre.afly in 
sbapef. Among 
ancient nations the 
Assyrians, Egj'p- 
tians, Parthiuns, 

Scythians, Por- 
s-ians, Thracians, 
and Cretans were 
most addicted to 
this weapon. In 
the Roman army 
the bow did not 
form part of the 
equipment ()f the 
regular legionaries. 

It was in the hand.s 
of the English 
archers, liov.cver, 

during the period _ 

extending from '' 

Edward III. to 

Henry V. that tl;o ) Esoui>>j Bow. 2. Boyitiaj^ Bow. 
bow reached its ®- PuavoiAs Bow. 

greatest perfection as .n weapon of warfare, the 
deadly “ cii)(h-yar<l ’’ shaft doing terrible execution 
in the battles in whiish the English participated. 
Archers formed part of the English army long after 
the use of gunpowder was introduced—that is to say, 
down to the time of .lames I, ; and Charles I. 
attempted to revive archery for purposes of warfare. 
At the present day the Persians, Tartars, Chinese, 
the Bushmen of South Africa, the South Sea Islanders, 
and the South American Indiana are amongst those 
who use the bow either for sport or warfare. 

Bow China, The Bow China Works were esta- 
blislicd about tbe year 1743 at 8trat£ord-le-Bow, 
near London, under the management of Thomas Frye, 
a well known mezzotint engraver. The factory and 
bnsinoss were sold to Mv. iJucslmry, of Derby, in 1776. 
Bow China is interc.sting, but it never attained the 
high standard of beauty and excellence achieved by 
Worcester, Chekea, or Derby. A special feature of 
Bow Ciiiiia is its soft and creamy glaze. Bow flgaies, 
of which a large quantity were produced, are quaint 
in style, and the colouring is frequently clear and 
brilliant. For Pottery Marks, tee mder POTTERY. 
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' BowCob^uMm. Small dtaughtoman'flcompaitsee, 
in which *^06 legs axe oozmeoted by a stw btt1> 
flexible band of steel instead of a^iinge. The angle 
to which the compasses Me opened is controlled ny 
a screw’. ' Also termed “pbinw Bows and 
CoMpasaxw. 

Bov DrOl CSng<.') A light drill rotated by a 
string which is wound round a bobbin on the drill 
shaft, the ends of the string^eing attached to a bent 
bow of wood or steel. - ^ 

Bovfld (iTsr.) Bent Ijhe a how: embowed. 

BovUng Iron {Met.Y Iron produced by the 
Bowling Company, Yorkshire p resembles Lowmoor 
iron in quality. 

Bovs. See Bow Compasses. 

Bov 8av. A narrow saw Axed to a wooden frame, 
in which a twisted cord keeps the saw in tension. 
Used for cutting curves. 

Bov’s notation or Henrici’s Notation iEng.) A 
method of denoting forces in graphical calculations ; 
specially useful in dealing with reciprocal figures. 
See (iBAPinc Statics. 

Bovstring Girder A built-up girder with 

'one straight boom, to tlie ends of which a curved 
boom is attached, tlic two thus forming an and 
Its chord; the space between the straight and curved i 
parts is crossed by latticework to increase the strength 
of the structure. A good example exists in the girdens 
by which the cantilevers are cbnuectod together in 
the Forth Bridge. 

BovteU (Arehiteetf) A round moulding used in 
Gotliio archiU'cture. The old English term was 
“ boUell," and the moulding eras probably so called 
because ^o£ Its resemblance to a lx)lt. See UOLL 
Mouldimo, Scroll JforLDisc, anr? Keel Mould- 
IN«. 

Box Calf {Leather Manvfae.) Calf skins tanned 
by means of chrome suU.s, called “ box ” by reason of 
square markings on tlie grain; produced by rolling 
the skin, when in a damp state, from tail to nose 
and then from flank to flank. 

Box Gouj^Iind (A'n,?.) A hollow cylindrical coupling 
or joint fitting over the ends i)f tv\ o pieces of sliafting 
and connecting them so that they rotate together. 

Box End (A’ny.) The end of a connecting rod 
which is forged solid, a slot being made to receive 
the brasses, instead of their being attached by a 
strap keyed on. 

Box.Oirder A hollow girder, built up of 

four strips of iron wbidi form a cavity of rectangular 
section. 

Bob Gattep ( Build.') A gutter with vertical sides, 
parallel in width the whole of its length. 

Box In iTypoq.) A term indicating that rules 
Bhould be pl^d round as a border. 

BoxUng Shntten {Carp., etc.) Window shatters 
that fold back into boxes. 

Boxing Up (Pattern Making). Building up large 
patterns from boards insteorl of catting them from 
the solid wood. 

Box Mntal Alloys used fo{ bearings, in¬ 

cluding brass, gunmetal, white metal, etc. 

Box Hat (Sng.) A nut with a cover which 
proteeta the end of the bolt from injury, rusting, 
etc., in exposed sitnations, thus preventing jamming 
of the nut on the end of the bolt. 


Bex ef'Tri^ (Cotton Spinning). ISw BX7XU»^ 
MoTio«r. 

Box^^nnaev (£lng.) A spanner for turning nat» 
which lie in a cavity aimk bmow the general siurfafie 
of the metal. 

Box Stones ef Bast IngSin (&eol.) BoptsriaA 
nodules which contain water in cavities in the in¬ 
terior. The cavities are due to partial solution of 
original material. 

Boxwood. See Woods. 

Boxwood fop Engraving* Small narrow blooka 
of the wood are used; for large engyavings the 
blocks are fastened together by size and screws. 
In the case of woodcuts intended for illustrated 
papers, and where expedition is necessary, the 
blocks can be separated and distributed to different 
engravers. 

Boyle's Lav (Mariott’s Lav). The volume of a 

gas is inversely proportional to the pressure if the 
temperature remain con-stant. This law is true only 
for a Febfbct Gas (g.v.), but it is approximately 
obeyed by all gases when not too near their point of 
condensation. 

Boyle’s liftvo (H^entilation). This valve is de¬ 
signed to'act as an outlet for the vitiated air of 
rooms. It is an iron box arrangement provided with 
valves, which are suspended on rods. 'The ventilator 
is fixed in the chimney. Back draught is prevented 
by the automatic clo.sing of the v^ves when the 
pressure is greater in the chimney than in the room. 

Bpace (ling., etc.) A rod or bar connecting two 
points in a structure for the purpose of strengthening 
or stiffening it. It is always in tension; a simili^ 
rod in compression is termed a strut. 

- (TooU). A cranked tool used for holding and 

rotating a ilrill or bit. 

- (Tgpog.) Tlie sign ——, used chiefly for 

connecting words, lines, or staves of music. 

Bpaoelei ( Coet.) A band worn upon the wrist or 
arm, sometimes plain, but more often enriched fay 
the graver and % the addition of precious stones. 
Bracelets were amongst the earliest of personal orna¬ 
ments, and although now worn almost exclusively by 
women, they were in earlier times worn by both sexes 
of the iKstter (dass, and were very common amongst 
the earlier inhabitants of Britain. 

Braohydiagonal (Min.) The shorter of tire two 
horizontal axes in the Orthorhombic system (g.v.} 
It is designated by the letter a, and is usually 
regarded as e.vtending from front to back when 
the crystal is correctly oriented. 

Brachydome (Min.) The face of a prisni of the 
Orthorhombic system which has its axis coincident 
with the brachydiagonal (g.r.) 

Bpaohypinaooid (Min.) A face normal to the 
macropinacoid. 

Bracket (L'ng., BnUd., ete.) A term of very wide- 
use, applied to portions of structures used for stiffen¬ 
ing or supporting some other part, 

- . (Carp, and Join.) In staircase work the 

curved pieces planted (i.e. fixed) on the oqtside of a 
cut string; also a term of very ^neral ap^icatiof in 
woodwork. 

- , Lamp (C^clet and Cart), A projection. 

either fixed or moveable, to carry a lamp, the latter' 
having a socket which fits the projecting part of the 
bracket. 
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Braekleihajn Beds ( 6feol.} Marine beds of Middle 
Eocene age, typically develop^ ori the coast of Sussex. 

Biaet (Botany), A leaf in whose axil (angle) a 
dower arises, The term is, however, loosely used, 
and may be applied to any specialised leaf in the 
vicinity of the flower, 

BndavL A tool for making holes for brads or 
small nails. 

Bradford Clay (Geol.) One of the subdivisions 
of the Oolites, well known on account of the excel* 
lently preserved fossils it yields in the typical 
locality. It forms the lowest member of the Middle 
Oolites, and it underlies the Coralline Oolite or the 
local equivalent of that rock. 

Brake (Bng., etc.) Mechanism for controlling or 
slowing down any machine. It usually acts on a 
wheel. A block cut to fit the circumference is 
forced into close contact by levers or screws, or a 
flexible band is pulled into close contact with the rim 
of the wheel (baml brake). See also Cycles, Motobs, 
Wbstieqhoxjse Bbake, Fkeuhatic Bbake, etc. 

- {Plumb.) The angles of the projection of a 

wall in a gutter around which the laad is bossed 
when a lead gutter is formed. 

Brake Drum (Eng.) The cylindrical portion on 
which the brake block or brake band acts. 

Brake for Measuring Power. See Dtxamo- 

HETSBS, MECHAKIOAL. 

BrakOy Friction (Mechanics), See Dynamo- 
wetebs. Mechanical. 

Brake Horse Power, BJLP. (Eng.) The power 
(g.v.) de\eloiHjd by an engine or motor, which is 
absorbed by a brake dynamometer; distinguished 
from the indicated horse power (q.v.) as being the 
amount of power which the engine can put out for 
useful purposes. 

Brake Shoe (Eng.) A brake block; the portion 
which comes into actual contact with the wheel on 
which the brake is acting. 

BramaJFs Press (Eng.) See Bydbatjlic Press. 

Bramley Stone. See Building Stones. 

Branch Drains (Sanitation). These are tribu¬ 
taries conveying the sewage, slop, and waste waters 
to tile main or common drain. A manhole should be 
constructed where the bTancLie.s join with the main 
drain. As much care is necessary in the laying 
and jointing of branches as in the case of the main 
drains. 

Pandering (Ca'rp. and Platt.) Pieces of wood 
about 1 in. square fixed to large timbers that ha ve¬ 
to be plastered. On these pieces of wood the laths 
which carry the plaster are nailed. 

Brands. (1) Marks used to distinguish the quali¬ 
ties of vjuious materials; they are very numerous, 
and must be sought in the directories to the various 
specific trades to which they refer. (2) Iron letters 
used for impressing marks on wood by heating and 
pressing on the wood. 

Brandy A spirit made by distilling wine. It 
COfliains wbout 46 per cent, of alcohol by volume, 
and small quantities of higher alcohols and the ethyl 
.esters (see Estbbs) of propionic, butyric, venanthylic, 
and valeiiaiuc acids. The colouring matter is 
tannin (pale Imandy) or caramel (brown brandy). 
Inferior }»iaDdiis are not made from wine, but are 


manufactured from recipes of various kinds. In 
France the finest brandy is known as " cognac 
inferior kMds as “ eau-de-vie.” Dnder the Ww)d and 
Drn^ Act, 1879, it is a good defence to prove that the 
admixture of water has not reduced the spirit mote 
than 25 degrees under proof. This corresponds to 
about 43 per cent, by volume of absolute alc<fii(fl. 
The addition of water and burnt sugw (for 
colouring) is the general method of adnltA»ring 
brandy. 

Bmnly’a CoheMv (Elect.) See W#tELEaa Tblb- 

ORAPHY. 

Brasque (Met.) carbonaceous mixture con¬ 
taining coal-dust, tar, etc., used for lining certain 
furnaces. 

Bpeu. An alloy of from 63 to 72 parts of copper 
with 27 to 34 parts of zinc. It is of a yellow colour, 
hard, but so ductile that it can be drawn out into fine 
wire, though, when intended for converting into 
wire, it is often alloyed with small quantflios of tin 
and lead. The manufacture of brass was only 
introduced into England in 1639, when works 
were established at Esher in Surrey. Brass is 
both tougher and more fusible than copper, and 
does not tarnish so quickly. The best brass is made 
by cementation of calamine or oxide of zinc with 
granulated copper. The flame "brass” sometimes in¬ 
cludes Gunmetal (q.r.) Brass is used for many 
parts of machinery—c.y. wiiere small and somewhat 
intricate castings are required, or a certain degree of 
finish fur the sake of appearance, or es^iecialiy as 
liearings for moving parts of ^ron or steel, such as 
shaft-s (see Brasses). In the construction of electrical 
apparatus and all kinds of physical instruments, brass 
i plays a very prominent part, and it is used even on 
I very large electrical machinery, as distkiguisbed 
i from electrical apparatus, when a non-magnatic metal 
i is required, as in tlie case of a “ spider ”—the structure 
! which connects the core discs with the shaft of an 
j armature. 

i Brassard, BrasMrt(ArM()»r). The ^nnour which 
j protected the arm, made of metal or leather (ettir 
! bottillt). 

Brass Bobbins (Zaee Manv/ae.) Thin discs of 
brass that collectively contain one entire system of 
threads. 

Brasses (Eng.) The blocks which form the actual 
bearing surface for a shaft; they are castings fitted 
into the “plummer block,” and are accurately bored 
to fit the shaft. , 

- {.Lace Memufae.) Thin strips of brass, slightly 

attenuated or thinned down in the centre, which, when 
placed together, form sicys or guides that facilitate 
tlie working of the sreel bars, appliances used in 
warping. 

Brasses, Monumental. From earliest times and 
in all parte of the world it has been tho custom of 
nations to erect some external sign which should 
point out the resting-place of their dead; these 
memorials necessarily assumed various forms. Upon 
some of them huge sums of money have li^n 
lavished, taxing to the utmost tho akUl of the 
sculptor, the architect, and the artist; in other cases 
. a simple mound marks the buryii^ place. The 
' ancient Egyptians embalmed their dea^ and thus 
preserved the very bodies of their friends imd 
relatives. In other countries there was still the 
same strong desire; but instead of trying to presme 
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the dead body, a more or lees exact representatios 
ol the deceaara was made in different ways, and 
these may be conveniently divided into tHioe classes: 
(1) scnlptnred effigies; (2) representations engraven 
or incised on flat pUtes of brass or slabs of stone; 
<8) effigies painted on the flat (including glass 
windows). Though these three classes differ so 
much in the material used and in the manner of 
ntiUllng it, yet they one and all have the same 
general design— vis. that of preserving not only the 
memory, also the likeness and actual ap- 

pearanoe or\he deceased. The first of the classes 
was the most cx})en.sive, and consequently confined 
to persons of rank and wealth. Barely do we find 
priests below the rank of abbot commemorated 
thus, and rarely the ordinary civilian, especially 
after the introduction of monumental brasses. A 
monumental brass, also termed “sepulchral brass,” 
and often simply “ brass,” consists of a flat plate or 
plates of brass, originally of the mixed metal called 
latten, inlaid on large slabs of stone and repre¬ 
senting in their outline, or by lines engraven on 
them, the figure of the deceased. In some instamies, 
jn place of the effigy, a cross was used, and neither 
name nor escutcheon, nor verse nor encomium is to 
be found. Tiiese memorials were sometimes placed 
on altar tombs, but more commonly they are to be 
found on the slabs whi{;h form lart of the pavement, 
of a church; and it is not improbable that this 
is another reason why these memorials were so 
generally adopted, because t(}e area of the church, 
and especially that of the choir, was not thereby 
enoumtered, as would be the case if sculptured 
effigies had been used. Those brasses vstry grently 
as regards both size and cost. In Durham 
Cathedml lies the matrix of a brass u> Bishop 
Beaumont (IS.':;!), which measures 16 ft. by 9 ft.; 
whilst at t’lieam, Surrey, the effigy of John Yerde 
(1419) is only 6|, in. high. Originally tlicse plates 
were made in and imported from Germany an<l the 
Low Countries. In the early auiliorities it is tcrmetl 
CuUm jtlatr, from which it may be inferred that 
Cologne (Kdln) was the chief emporium. The manu¬ 
facture of brass was only introd\iccd into England in 
1639, when two Germans established works at Esher, 
Surrey. The Bev. W. E. Iladow thus tersely sums 
up the advantage of studying these brasses; “ Monu¬ 
mental brasses are extremely valuable. The herald, 
the genealogist, the chronologist, the architect, the 
artist, the palceugrapher, and the general antiquary 
will each and all find much to interest and instruct 
them in the several bnanches of knowledge, and 
they furnish us not only with well-defined ideas of 
celebrated persons, but make us acquainted with the 
manners of the times; w'hile to history they give a 
body and a substance by placing before us those 
things which language with all its power is deficient 
in describing.” Brasses were first used in England 
early in the thirteenth century, though the earlie.st 
now remaining is at Stoke d’Abernon, Surrey (1277). 
On the Continent is one at Venlen, dated 1231, 
The brasses graven before the fifteenth century are 
the best examples of the art. Subsequently the art 
deteriorated till the eighteenth century, when the use 
of brasses ceased. Kow the art ha^ been revived 
with good success. The majority of the bra.sses in 
Engird are to be found in the counties situate 
nearest the Netherlands, and in the counties which 
were commercially connected with the Low Coun¬ 
tries—Gloucestershire. Macklin’s Monumentai 
BrastM is a very useful handbook. For example of 
a “ brass," »ee AimocB. 


Bran Finishing. The turning ahd fitting of small 
brasswork, such as taps and valves. Usually a special 
trade distinct from the work of fitters and tanMirs, 

Brass Foraaee. A small furnace, heated by ooke,^ 
used in the brass foundry; the metal Is usually 
placed in a crucible^and no blast is used, 

Brasiiea. A genus of plants of the order Crvr 
oifertB^ inclnffing many plants of economic value. 
B. nigra is the black mustard; B. alha, the white 
mustard; B. oleraoea, the cabbage, with its varieties, 
cauliflower, broccoli, etc.; B, camwittrit, the tumip; 
B. napus, the rape : yields colza <m. 

Brass Koaldersi A special class of moulders who 
rarely work in iron, and generally receive higher 
w'ages than iron moulders. 

Brass Tube. (1) Common tube is brazed or 
soldered up from sheet brass ; (2) solid drawn ig.v.) 
tubes are used for the most important work—s.y. 
surface condenser tubes. 

Brass Winding {Lave Manufae.) A term used for 
brevity, and signifying the process of winding brass 
bobbins—sixty, eighty, or a hundred at once. 

Brattice A partition (wood or canvas) 

for separating two air streams in a level, 

Brattishing {Arokitect.) Ornamental cresting. 
See Cbbbting aiul TUDOE FnoWEE. 

Braonite {Min.') A sesqui-oxide of manganese, 
MujOj, brown to black; tetragonal, llmenan, in 
Thuringia, Iblefeld, Piedmont, Elba, etc. 

Bravura, Con Bravura {Magic). With power 
and brilliancy. 

Brayer {Tgpeg.) A wooden implement used to 
rub dowr. and temper printer’s ink. 

Brazier. A portable fireplace with open bars, 
commonly used in different forms from times of 
antiquity. 

Brazil Nat. Bertliolletia exoeha (order, LeegthU 
iaceat). A large South American tree bearing round, 
hard fruits, containing eighteen to twenty-four seeds 
—the so-called Brazil nuts of the shops. 

Brazilvood. See Dtbs and Dveino. 

Brazing ( Kng.) The joining of surfaces by means 
of fused brass or spelter, applied to iron, steel, brass, 
and other metals, and much stronger than soldering, 
besides being applicable in many more cases. The 
joints are cleaned and covered with borax; some of 
the alloy is then placed over the joint, and heated 
until it runs in, when it is allow^ to set, and any 
superfluous metal cleaned off. Joints in cycle frames 
arc always brazed, and so neat and strong is a good 
brazed joint that a broken band saw can be mended 
by this method without the production of any rough¬ 
ness or projection which would interfere with the 
action of the saw. 

Bread {Fooie). Bread consists of two classes, 
the fermented and the unfermeuted. In the former 
yeast is used, and in the latter chemical means are 
adopted for aerating the br^. It should be well 
baked, not acid, not bitter, and of a good colour. 
Bread is rich in proteids and starch, but poor in 
salts and fats. !Kce, potatoes, beans, peas, barley, 
and alum arc the usnat adulterants. Tte folloudng 
gives the methods of manufacture and toe chemical 
results: Flour is mixed with water to form a dough. 
In this operation gluten, a mixture of uitrogenons''’ 
substances, is produced. The dough is imjiregnated 
witli carbon dioxide, cither by^fordng into it 
carbon dioxide under pressure (Dr. j,Uaug]l6h’s 
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sjstem) or bj adding yeast. The yfast convehs the 
Starch of the floor into maltoae and dextrine, and 
then the maltose Into albohol and ci^bon dioxide, 
^is gas, hindered from escaping by the gluten, 
mahes the bread lighter. The fermentation and 
subsequent baking cause seieml cliemical changes 
in the mixture—the starch ia| partlj' changed to 
ii more* soiuble sugaiu, and it can no longer be 
separated from the nitrogenons compounds; also, the 
nature of the nitrogenous matter is changed in some 
way. Carbon dioxide and alcohol are in part ex* 
polled in Imking. White bioad contains from 7 to 
10 {>am of ptoteid, 6.5 of carbohydrates (starch and 
sn^rs), 1 of fat, 2 of .salts, and the rest up to 100 
parts water. There is oil* an average in new bread 
•3 per cent, of alcohol ,^lum, which is often present 
as an adulterant in brrad, serves to whiten it. Ex¬ 
periment bi^ shown that small quantities of alum 
are not injurious to health. Bkown or Whole- 
UKAb Bbeab is made from undressed wheat, and 
contains the bran as well as the flour. It wa« 
formerly considered to be more natritious'than bread 
made from the finer flour, inasmuch as the bran 
contains more nitrogcnou.s matter. But it has been 
pointed out that the nitrogen of co'cals exist.s in 
two forms—^thc ooagulable and the non-coagulable 
albuminoids—the former btdng nutritious, tlie latter 
consisting of alkaloids and other compounds contain¬ 
ing nitrogen. Bran contains the latter, which is 
comparatively useles.^, whereas in fine flour the 
nitrogen is found in the first condition. An 
ailment against the use of brown bread is that 
the cellnlose in the bran acts as an irritant, stimu¬ 
lating peristaltic movement (y.e.) The excess of 
cellulose also cannot be digested, and is said to 
interfere with the absorption of digestible footls. 
See Bakehouses. 

Breadth (Lace Manvfac.) Any width of lace less 
than a ** web ” tliat is complete in itself. 

—— (Pafaf.) Is thus defined by Buskin : “Good 
composers are always associating their colours iu 
great groups , . . and securing . . . what they call 
‘ breadth ’— i.e. a large gathering of each kind of 
thing into one place, light being gathered to light, 
darkness to darkne.ss, and colour to colour." 

Breakdovn Chwie i^ng ) An accident crane. 
See Crakes. 

Breaker. A machine used in paper manufacture 
for disintegrating rags into “ half stud." 

Breaking {Foundry). A striated appearance on 
the surface of melted iron; the qualit 3 ' of the iron 
can be judged to a certain extent by the appearance 
of these striatlous. 

Breaking Joints {Build., etc.) The prevention of 
two or more successive joints from coming into line. 
This is done to increase the strength of the structure. 
Tl>e Bond {j’.r.) tn masonrj- is an example; the 
amngament of the joinb< of piston rings {q.v.) is 
another. 

Breakli^ Biecec {Bug.) bhort shafts by which 

? jwer is transmitted to the rolls of a rolling mill. 

hey are made weaker than the axles of the rolls, so 
that, if the miU is overstrained they will break first, 
and prevent a fracture of the rolls or their axles. 

Breaking StemiHu The force or loud necessary 
4iO break a piece of material of specified siso. 

Ifawidt Lathe {Bng.) A large lathe whose bed 
deh be disconnected the head stock so that it 
can be moved farther away, to su^t larger work. 


Breaks In ttie Sueoessloa of Strata {6hot.) 
These mean nearly the same thing as '‘nneon^ 
formity”; but it is sometimes convenient to employ 
the present expression in cases where rocks are ament 
whiclv^are known to ocenr elsewhere, but where 
there is no visible disootviance between the two rocks 
which succeed each other in the same'^sectlon. A 
further distinction is made in the case of any marked 
hiatns between the organic remains of two appar¬ 
ently conformable sets of rocks, in which case the 
term Pal/roxtolooical Bbeak is used, 

Breakwater {Marme Fn^.) A bjink or wall of 
masonry used to protgot a tiarbour, etc. 

Breast {Build.) The part of a wall projecting 
into a room and containing the fines. 

- {Mining), The face or working surface in 

a level. 

Breast Beam The front cross- 

rail of loom over which the cloth passes to the cloth 
roller. 

Breast Hole {Met.) In a cupola, the dour or 
opening just above the base for lighting the Are an<i 
extracling the cinders aift slag. 

Breastplate {Arm., etc.) Armour which protected 
the breast. A large metal ornament worn on the 
brca>t. 

Breast Wheel {Enq.) A water wheel which turns 
ill a quadri«iit-.shaped bed, so t hat the water strikes the 
lloaUs at the level of the axle, and remains in contact 
with them till the lowest point of the wheel is nearly 
reached. 

Breccia {ffeol.) A compacted aggregate of frag¬ 
ments of stone which are angular instead bf being 
rounited, as tiiey are m a conglomeiat^. The 
angularity of the constituents serves to indicate 
that the stones have not been exposed to the 
rounding action to which running water gives rise, 
and the feature in question may thus become one of 
.some imjiortance in relation to the bistory of the 
rocks of which a breccia forms a part. ^ 

Breeches Pipe {Eng.) A ^ 

locomotive which rec'sives the steam from the two 
cylinders anci dischargei’ it into the chimney, iu order 
to force the draught. 

Breeze. A name given to various kinds of fuel in 
a fine staLi of divisioa. Thus coke breeze is finely 
dirided coke. In brick making, sifted coal cinders 
are extensively used, both for mixing with the loam 
before moulding into bricks and for patting between 
the layers in a clamp when the bricks are bnmt in 
that way. 

- {BwHd.) Fine cinders used with cement to 

make concrete. 

Breguet Bprli^; {Watekmaking). A fiat spiral 
balance spring with its outer coil bent up into a 
horizontal p^ne parallel with the bo<iy of the spring, 
and then curved in towards the centre and fixed to 
the stud between the outer coil and axis of balance. 
This spring, which is only found in better clnsa 
watches, secures less variation in timekeeping when 
the position of a watch is altered by the movement 
of the wearer or otherwise. 

BpesBummer (BwUd..^ A beam carrying a wall, 
as a girder over a shop trout. 

, BFetes::l (Ber.) An ordinary with edges em¬ 
battled ; aLso called CbembllB. 

Breve (Mmie). See Nox;i^. 
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{Typog.) Type one iriise smallei than 
bonrgoois and one size larger than miiuon. See 
TrPB. 

Briar Boot. See Woods. 

Brle>a-Brac. Antique curiosities of arti8ti||^ char¬ 
acter: famiture, uliina, plate, fans, statuettes, etc. 

Brisk &rch In locomotives, an arch of 

firebrick placed in aont of the openings of the tubes 
to deflect the flame backward. 

Brisk Barth (Ged.) Any loam or native mixture 
of clay with sand whioh serves for the manufac¬ 
ture of bricks. In the south-east of England, and 
especially in the Thames VSlley, it is usually re- 
strictod to a kind of buff or ochreous loam which 
has been left as a sedimentary deposit on the sides 
of the valley. By many it is regarded as a form of 
allnvinm; others think it represents a deposit formed 
at a time when the river was ponded back into a 
lake by an ice baivier across its month at the climax 
of the A^e of Snow. 

Bricking Up (^Fowndry'). In moulding, the forma- 
,tion of part of a large mould with bricks instead of 
using sand alone. 0 

Brieknr^ed {Build,') A brick partition with 
horizcmtal NotJGiNtt Pieces {q.v.) to tie it together. 

Brioknogged Partition {Build.) A partition 
bnilt id Ini.'ks and mortar, with nogging pieces {q.v.) 
about I very 3 ft. of its iicigbl- to bond it together. 

Bricki {BrUslt Earths). The clay from which 
bricks are formed varies consich-nibly in composition. 
The following are examples : Jisddish-Iirotcn ('lay: 
Silica, 63; alumina, 31; water, etc., 9: iron oxide 
and lime, 3'6; magnesia, 2‘5. Ecd Brick Cday: 
Silica, 50; alumina, 24; water, etc., 23; iron and 
lime, 2’7; magnesia, r3. A Common Slarl Clay: 
Silica, 33; alumina, 11; water, etc., 10; lime, etc., 
40; magnesia. 6. A Sanely (lay : Silica, 00; alumina. 
24; water, 12; lime, etc,, 2-4; magnesia, 16. It 
will be instructive to compare these with tlie 
analysis 04 very pure clay, such as china claj': 
Silica, 45; alumina, 45; water, 8; iiou oxide and 
lime, 2. The commone.st bricks are made from a 
marly or a sandy clay, the latter being often termed 
‘•loam.’’ An artificial imitation of marl, termed 
“ malm,” is produced by mixing clay and chalk with 
water in a puddling mill.—M anupactube : The 
first operation is the removal of the surface earth, 
which is termed “unsoiling.” The clay is then 
cut out, In-oken into small pieces by the spade, 
and exposed fur a considerable time, to the air, 
in order to become “ weathered.” It is then 
cleared of stones, either by hand picking or, on 
a laiger scale, by washing in a mill, from whicli the 
clay, mixed with water to a creamy consistency, is 
allowed to flow into a AVash Back, where it is left 
to dry in the air until it attains the requisite con¬ 
sistency. It is then cut out in blocks^ ground with 
breeze in the Puo Mill, and then is moulded into 
the shape of bricks by hand labour or by a brick- 
making machine. The next process is extremely 
imporbu^t: it consists of diying the bricks in air. 
They are stacked in long rows on raised platforms 
of earth known as HACKfl, and are arranged in such 
a manner as to leave numerous air spaces between 
them. They are protected from the rain by a loose 
roof of straw, or sometimes by light screens made 
of reeds, or else by a simple form of roof, and are 
left until the whole of the visible moi^tlre has 
evaporated. The bricks are then termed “green 


bricks/’ When sufficiently dried, the green, baiclpr' 
are ready to be* burned. There are ptin<4]Ml 
wa.ys of carrying out this^operation. Tn ollet 
method, the bricks themselves are built tip into 
a kind of hoUow chamber, with flues rusping 
through it, termed a Clamp. A fire is kept burning 
inside this until whole of the bricks have been 
sufficiently bumetr Those close to the flues are in 
most cases seriously overbumt, and are ^termed * 
“ burrs.” Those which are less overbnmt are termed 
“bard stock,” and are useful for many building 
puiposes. The outermost bricks of the clamp are 
frequently left underbumt, and are useless lor all 
ordinary work. A more modem process is to use 
a permanent kiln for bunfl^; and in this case it is 
much easier to attain unUormity in the process, 
and al.su to regulate the Ibuming to any desired 
degree.— Varieties op Bricks : (l)f« Cotters or 
Jliibhers; A fine-grained brick, commomy red, which 
is suitable for working to any definite shape, for 
arches, mouldings, etc. Malm bricks are often used 
for the puirpose; and two of the best varieties of 
cutters are Farebam reds—a deep red brick made 
from the Fareham clay; and Lawrence’s cutters, 
made from a brick earth at Bracknell, which is 
carefully strained and washed. (2) JJvtoh BrieJa: 

A light-coloured hard brick suitable for paving and 
similar work. (3) Gault Ericks or “ Oaulte " •• Bricks 
made from the blue clay termed by geolc^sts 
“ gault ”; frequently made with holes to serve as 
air bricks or ventilating bricks. (4) Leicester Reds : 
A heavy brick which has been subject to pressure in 
its formation, (o) Malm Builders : Ealn-bumt bricks, 
from specially prepared malm. (6) Red BnUders: 
Used for good building work; made from washed 
earth, (7) Ruhhers: Another name for cutters {q.v.) 
(8) Shippers: ITie last selected stock or ordinary 
bricks, so called from being originally those which 
were selected for shipment, (P) Stafford Blues; 
Very heavy hard brick, containing a high percentage 
of iron (10 per cent.), and extremely durable. (10) 
Stocks: Also termed "grey stocks,” or London stocks, 
a general name for the ordinary clamp-bumt bricks 
of the better kind. (11) Suffolks; Cream-coloured 
bricks made from marl; used for facework. In 
addition to the above, moulded briqks are used 
for arches, quoins, plinths, string courses, and other 
ornamental work. Those used for arches are often 
called •* arch bricks ’’ and “ gauged bricks.” Other 
bricks are finished ' with a polished surface, 
sometimes by ordinary glazing with salt, and at 
others by a more elaborate glaze similar to that used 
for earthenware. These are used for ornamental 
work, for reflecting light, or for sanitary purposes. 
—Firebricks : Firebricks are used for the 
interiors of fines and furnaces. They must be 
infusible at the temperature to which &ey will to 
exposed; they must also be free from cracking at 
this temperature, and must retain their shape and 
size, as any alteration in this point would probably 
destroy the whole interior of the furnace, causing 
the roof and arches to rive way. In other cases, fire¬ 
bricks have to resist the destructive action of the 
fluid metals and slags produced, in the furnace. 
The requirements of a good firebrick, therefore, vTiry 
considerably, but in nearly all cases are exacting 
and difficult to meet. Only special'’eia 3 r 8 , termed 
“ fireclays,” can be used. An example of fireclay is 
as followsSilica, 60; alumina, ^0; water, etc., 12; 
iron oxide, 4; lime. 2; magnesia, 2. The chief 
points in which this differs from an ordinary 
brick earth ore the comparatively high per* 
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centa^es of alumina and Iron oxide and the absence 
of any free alkalis. These oharauteristics con* 
tribute very largely to the infusible character of 
the briclL The presence of alumina in large 
quantities is not, however, essential in all cases, as 
a very good form of firebrick is made from Kieselrahr, 
which is a highly ailicions earth, originally produced 
by minute organisms called “ diatoms.” The com¬ 
position of Kieselgnhr is typically: Silica, 84; 
alumina, 1 ; water, 7; iron oxide, 2; lime, -8; 
'm^uosin, "T; organic matter, 4'5. In burning these 
Kieselguhr bricks the iron appears to act as a flux— 
i.e. hoips to form a fluid substance, whic-li, when 
it solidifies, cements the remaining material together. 
Tliese bricks are very light, but very durable, and 
are much used for firebricks in chemical works. 

Bridge (.Enff.) (1) An arch or series of arches of 
brick, stone, or cast iron; (2) a platform carrie<l on 
wrought iron or .steel girders, either supported on 
piers' of masonry or metal, or hung by chains from 
lofty piers at eacli extremity of the bridge; (:t) 
applied to various parts of meclianism or structures 
which have some re.semblance to an ordinary bridge; 
(4) a hairier placed acro.ss a furnace to deflect the 
flames and hot gase.s, St-e also Ancn. 

- (Music). The piece of wood on which the 

strings of musical instrameuts are stretched. 

Bridge, Wheatstone (Elect.) See Wheatstone's 
Bbioob. 

Bridging Joist ( Carp.) The timbers to which the 
floor bonrus are nailed.* 

Bridle (Eng.) The loop by which a slide valve is 
connected to the valve rod. 

- (Bee.) The method of tying uji a painter's 

brush when it is new and the bristles are too long 
for use. Whipcord is wound around the bristles 
from the binding, and is .secured by being tied to tlu' 
handle or to pieces of copper wire hound in with the 
bristles for the purpose. A’anous ready made bridle.^ 
are also used. 

Bridle Butts (J-eatherManufae.) Butts 

(g.v.) tanned for bridle and hariuis* work; must lie 
pliable, free from blemish, and of good colour. 

Bridle Joint (Car;/.) 

A joint of the form 
shown. Used in place 
of a mortice and tetion. 

Brigandine Armour. 

Armour consi-sting of 
canvas or leather, q uilted 
with small thin piece.s of 
iron ; worn by medi.'cval 
archers and crossbow'- 
men. 

Bri^t Bed Heat. A temperature ranging from 
170(f to 1800'’F. 

Bright Work. Surfaces which have been machined 
or merely polished by the file, emery, etc. 

Brill (Zeol.) Mhimhns lenvh (family, Pleuro- 
neet'ulte). A flat-fish allied to the turbot, but 
inferior to the turbot as food. 

I'BriUante (Musie). Brilliant, 

Brilliant (Min.) A term used for a special form 
of cut diamond. See Diamond and I'becious 
Stones. 

— (Typi^.) Type a size smaller than diamond, 
and practioally the smallest used. Sec Type. 


Brimstone. A common name for artificially pre¬ 
pared sulphur. See RutjrHus. 

Brinded or Brindled (Her.) fiaid of animals 
covered with spots or streaks of colour. 

Brine Pump (Eng.) See Baltinq. 

Brin's Process. A metliod of obtaining oxygen 
from the air on a large scale. Air is freed from 
moisture and carbon dioxide, and passed under a 
pressure of about tw'o atmospheres over barium mon¬ 
oxide, BaO, heated to a constant temperature of 700\ 
Under these conditions flABlUM DioxlDB, BaO„ 
is formed. The residual nitrogen is allowed to 
escape ; then the pre.^^ire is reduced to a few inches 
of mercury, and the dmxide gives up oxygen, wdiich 
is collected; the monoxide remains, and is n8e<l again. 

Brio (Paint.) Painted with spirit or " go.” 

Bristled (Jler.) When the bristles of a boar are 
of a different tincture from the bodj. 

Bristles. The coarse stiff hairs ubtaineddrom the 
pig and ased in brushmaking. They are imported 
chiefly from llussia. 

Bristol Board. A fine kind of pasteboard or card-* 
board with a smooth glazed surface; used for 
pen-and-ink drawings, watercolour drawings, and 

TUOUUtS. 

Bristol Porcelain. Pottery of the natmx* of Delft 
was made in Bristol as early as the olo.se of the 
seventeenth <;entnrj. A manufactory oC porcelain 
was established in irflH by Champion, who in 1774 
took over Cookworthy’s patent for the manufiwjture 
of hard-paste. There Ls lu) record of this porcelain 
having boon made after 1777. Two other m,ani!fac- 
tories were established for the manufacture of 
earthenware, one of which (Pountney’.s) i.s still in 
exi.'«ten<‘e. For Porcelain Mark.s, see uttrhr Pottubv, 

Britannia Metal. A white alloy of fin and anti¬ 
mony, u-sually also Containing .small amounts of 
c(>p]jer and zinc ; a typical sjx'oimert contained : Tin, 
'■i!; antimony, 10; copper, 1; aru zinc, i>pr wnt, 

Britch ( U'eelle/i Alanc/ac.) The fibre from tiie 
extremity of the tail end of fleece, 

British Gum. Thh i.s not a true gum. It is 
prex^areil by carcfnllj heating starch, when a x>Toduct 
I'ontaining dextrine or siibslanoes allied to it N 
obtained. 

British School of Painting. See Patnttno, 

SCHOOLiS OV. ft 

Brittle Silver Ore (Min.) A synonym for 
STErnASiTK (g.r.) 

Broach (Archil ref.) A spire, generally used to 
denote that kind of .sj'ire which ri.ses from a tower 
without any parapet, as is u.sual in Early English 
architecture. 

- (Eng.) A tool for enlixrging and finishing off 

round holes which have been drilled or punebed. 

- (Woollen Manufao.) A wooden spindle on 

which the cops of yarn are fixed for warping, etc. 

Broadcloth ( Woollen Manv/ac.) Fine, plain-wove 
black cloth, dressed.* Used principally for men’s 
clothing. 

Broad Gauge (Eng.) Ilailway lines set 7 ft. apart; 
now abaniloned. See NabBow GAUGE. 

Broadside. A .sheet of j^per printed on one side 
only, the matter generally being of a popular character, 

Brob (Eng., etc.) A la;ge spike used to fix heavy 
timber work. 
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Brooad* {Cotton WearnTtg). A class of figfured 
weaving produced by means of the “ Jacquard,” in 
which the warp and weft are made to float iudis* 
oriminately on the surface of cloth to form a 
desired pattern or figure, the ground weave being of 
a firm structure. The figures are principally weft. 

- {8Uk ' Matmfao.) A term now applied to 

most figured silken fabrics; originally it was used to 
denote only those silks where the figure consisted of 
various-coloured wefts and metal threads woven into 
the cloth by means of small shuttles, which were 
passed under the warp threads in such places as the 
figure occurred, instt^d of being thrown across the 
entire width of the work. • 

Brocatel or Brocatello. A variegated species of 
marble, obtained principally from different parts of 
Itolv. 

Brooateile {Silk Maimfao.') A thick figured silk 
used for upholstery purposes, made with an extra 
wefr of Unen yam, which causes the .satin figure to 
have a raised or plump appearance. 

Broche. Fabric enriched with figures or design 
fn relief. 

V 

Broken Entablature (Arrhiteot.) An entablature 
wliich df»cs not project uniformly from the face of 
tlio wall, but has an increased projection over each 
column or pilaster. Seo al»o Eittabla-TItre. 

Broken Glass (Mrt.) Used to cover the surface 
of nu)lten brass to check oxidation. 

Broken Over {Bmd.) Used in resjrect of plates 
when a fold has bc’cn made a short distance from 
their back edge before they arc fixed in a volume. 

Brokes {Woollen Mamifae.) Short locks of wool 
removed from the edges of the Heece, grown on the 
neck anil belly. 

Bromates. 'Salts of bromic acid. Potassittm 
BnOMATEjKBrO,, is made by ad ding'nomine to caustic 
potash: t)KOII + 3Brj=5KIJr+KHrOj+lilUO. Tlie 
broinate, being mnuh le.ss soluble than the. bromide, 
is separate<]^by crystallisation. Bromates on heating 
decompose, giving oxygen and a bromide. 

Bromic Acid, HBrO,. Forms a strongly acid 
liquid; it is a powerful oxidising agent; hentje it 
bkaclics. It may be obtained by pa.ssiug chlorine into 
bromine water or by acting upon silver bromatc 
(prepared by adding silver nitrate to potassium 
bromate) with wa|cr and bromine. 

Bromide Emulsion {Photo.) A solution of 
gelatine containing silver nitrate and potassium 
ioilide and bromide. A good formula is: llelatiiie, 
280; AgNOj, 175; KBr, 1.15; Kl, 5 parts by weight. 

Bromide Prints. Prints on paper, ixtrcelain, etc., 
which has been coated wdth a gelatine emulsion 
containing silver bromide, very similar to that used 
on dry plates. The prints are developed and fixed 
like «iry plates. 

Bromides. Salts of hydrobromic acid (HBr). 
See also under Potassium and Silver. 

Br omi fie, Br. Atomic we^ht, 80. A dark red 
heavy liquid (sp. gr. 3), boiling at 59°; it has a 
powerful and irritating smell, and the vapour attacks 
the eyes. Unites directly with many elements to 
form bromide (union with potassium aud phosphorus 
is explosive). Soluble in carbon disulpliidc and in 
acetic acid; also sparingly soluble in water, the 
solution deoemposing in light. Acts on many 
otganic compounds, forming either substitution pro¬ 


ducts—C,H. (benzene) gives (monobrom- 

benzene) or adoition products— e.g. (Othyletie) 
gives CyH^Br, (ethylene dibromide). Ptopaind on 
large seme by beating the mother ligurv obtained in 
the preparation of potassium chloride from CamalUto 
by means of steam, and passing chlorine into it. The 
chlorine liberates bromine from the magnesium 
bromide, and the escaping bromine is condensed. 
On small scale it is produced when a bromide is 
distilled with manganese diordde and sulphuric acid. 
Resembles chlorine in its chemical behaviour; thus 
it bleaches, and acts upon alkalis like chlorine (s-v.) 

Bromo Compeonds. These are fomed from 
organic compounds l)y replacement, of one or more 
hydrogen atoms, directly or indirectly, by one or 
more bromine atoms. Thus tribromopbeuol is 
phenol (CjHjOH), in which three hydrogen atoms 
have been replaced by three bromine atoms, giving 
CsU,^Br,OH, in which the bromine atoms occupy 
the positions2:4:6 in the benzene ring (s^^'^BH- 
ZEKB), the OH group being in position 1. 

Bronchi {Zool^ The two tubes formed by the 
dUisien of the Iraclica or windpipe. They again 
divide, and their branches pass into the lungs, where 
they ramify. 

Bronze. An alloy of copper, tin, and zinc in 
soinew'hat variable proportions. The British coinage 
is composed of 95 parts of copper, 4 of tin, and 1 of 
zinc. Ancient bronzes contain only copper and tin. 
See also OUNMETAL. 

Bronze Age ( Geoh) The preliistoric period when 
men employed iiistrumeuis of bronze in war, in the 
chase, and largely for domestic purposes. It followed 
the Neoll'liic Age, when smoothed stone instruments 
were used, and it preceded the period when iron 
began to come into general use. Both its commenco- 
ment and its termination are indefinite, and they 
varied in different countries according to local 
circumstances. 

Brooch {Cost.) An ornament or clasp to which a 
pin is attached, now used 
chiefly for fastening some 
portion of female wearing 
aj>]iarel, generally on the 
brea.st, but formerly often 
worn by men also, fre¬ 
quently on the hat or cap. 

It is still one of the indispensable ornaments of a 
Highland costume. The illustration is from a Danish 
brooch of the later Bronze age. 

Brookite {Min.) Titanic Oxide, TiOj. Rhombic. 
It often oc!cuTS in brown capillary crystals. Two 
of the chief localities are Cornwall and Dauphiny. 

Brought Forward (Dec.) This term signifies 
that all work to be painted is ready for the finishing 
coat at the same time. 

Brown {Paint.) A composite colour produced by 
mixing orange and block, or red, black, ami yellow. 
Oreat variation in shade oan be obtained according 
to the pniportion of the constituents. 

Brown Bear {Xi>ol,) Tfrsvs arctos (family, 
Ursidts). The Brown Bear is valued for the sake Of 
its fur and flesh (hams and paws) and fat. 

Brown, Bismarck. Sec Dtss and DxBiNCi. 

Brown Coal {Geol.) A stratified deposit of fossil 
matter of vegetable origin which has undetgoite * 
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certfun amonat of change witiiia the atiata enoloaing 
ft, which change haa not ^iroceeded suffioientl; 
tv to convert the sabatance loto true cosil. The 

J eroentage of ^carbon present is nsnally between 
5 and 80, and of oxygen between 25 and 15. It is 
often aesociated with strata of fresh water or^n. It 
is an important source of fuel in connection with 
some of the Teitiary rooks of the Continent. 8 ec 
nUo COAl.1 


Breva Hmaailte (Min.) A synon 3 rm for Limonite 


KFOdae. 


Ca,HjoN(OCH,),0-CO 


\'N 


An alialoid occurring along with strychnine in nux 
vomica. Forms colourless prismatic crystals or 
pearly flakes; melts at 178°. Physiological action 
similar to strychnine, but 38^ times less powerful. 
It is more soluble in water and in alcohol than 
strychnine. It is Irevorotatory; a tertiary Imse; and 
altfaongh it contains two nitrogen atoms, it is a 
monacid base. With nitric acid it gives a red colour 
even in very dilute solutions; thp colour changes to 
violet on adding stannous chlmde. This forms a 
very delicate test either for brucine or nitric acid. 

BPQcite (Min.) Native magnesium hydrate; it 
occurs in tabular hexagonal prisms with a perfect 
basal cleavage. Thin laminae are flexible, but not 
elastic. Composition; Mn(0H)j, magnesia=68'07, 
water=31'03 per cent. Wlicn heat^ before the 
blowpipe it does not fuse, but becomes brilliantly 
incandescent. It occurs at Swinna Ness in the 
Shetlaml Isles, and at several localities in the United 
iStates. 


Brniuviok Black. A quick-drying black varnish 
made from asphaltum and used principally for 
ooating iron. 

Bruanrick Oreen (Paint.) A pigment used in 
oil painting, manufactured from carbonate of copper 
and chalk or lime. In trade work, a useful series 
of greens is made, in four or five shades, from chrome 
yellow and Prussian blue, on a base of barytes. 
They are apt to fade, but may safely be mixed with 
other pigments excepting those which contain 
Bulpbnr. Brunswick greens are inferior in quality 
to chrome green. 

Broabcfl (Dec.) See Pai3:tkb’8 Bbushes. 

- (^Eleet. Eng.) Strips of copper, either 

Bolid or built up of gauze, or else rods of carbon, 
which convey the current from the teminaJs of an 
electric motor to the commutator or in the reverse 
direction in the case of a dynamo. By means of 

rooking frames” or holders the brushes can be 
moved round the commutator until the best position 
(that where least sparking occurs) is obtained. 
This adjustment has to be made with great care, or 
loss of energy and injury to the machine will result. 

Brnab Holdsp (Meet. Eng.) The support or 
frame carrying the copper (or carbon) strips by 
which the current enters or leaves a motor or dynamo. 
The brush holders are carried by a ” rocking frame ” 
wlric^ enables the point of contact of the brushes 
with the commutator to be varied at will. 

BMMlnraFk (Pastnl) (1) A, term used by artists to 
aighlfy the maimer in Which the pigments are laid, 
1^100 canvas in oil painting and upon pa]per in water- 
doilohr vwk. Every- painter. ^ hm particnlar 


method of handling his materials,, and the quality 
of his bnudiwork is one of the most important 
factors in the expession.of his individuality. ' (2) A 
method of teaching drawing and design by means of 
water-colour drawing, chiefly in vomie in elemmttary 
schools. The painting is executed by means of the 
brush alone, no outline of the subject being previously 
made. 


Bruaselt Laee, alto called Palitt fl’lndlatarre. 

Perhaps the most representative of aU laces either 
for quality or beauty of design, which ebangte with 
the fashion and always keeps up to date. It was 
first made in' the fifteenth century, and about 1626 
the city of Brussels hc.d attained such profidienoy in 
the manufacture as to be the envy of the whole of 
the surrounding districts. England also becoming 
alarmed at the enormous sums paid to the foreigner, 
introduced certain fiscal changes, with the idira of 
stopping its importation and at the same time 
fostering the English lace industry. The merchants 
brought skilled lacemakers to this ouuhtry, and 
attempted to introduce the manufacture; but as the 
British workmen had not attained proficiency in 
tlie production of the tliread, the result was failur*. 
The name was then changed to Point d’Angleterre, 
and smuggling was resorted to, which seems to 
have been quite a success. Nearly every known 
stitch or method may be embodied in Brussels 
lace, as the principle of manufacture lends itself to 
distinctive treatment, and the various objects and 
fillings and different varieties of ground are made 
separately, each hy the worker mo.st skilled in her 
partical|j department, and afterwards combined. 


Bubble Tube. The gla.ss tube of a level containing 
spirit. It encloses a bubble of air. 

Baoentaur. A mythical creation half ntan, half 
ox. Also the name of the State baige or galley of 
Venice in which the Doge and Senate performed the 
ceremony of woflding tlie Adriatic, 


Bucket (Eng.) (1) The scoop used with various 
forms of dredgers; (2) Tl.e piston qf a suotiuu 
pump; (3) The receptacle wliich catches the water 
in water wheels. 


Bucket Ladder Bredger (Civil Eng.) A 'Con¬ 
tinuous chain driven by macliinery carries a number 
of sharp-edged buckets, which scoop up tlie material 
and raise it above water level, where it is discharged 
into suitable barges. The c^in^works over wheels 
at the top and bottom of a frame in such manner 
that the buckets at the lowest part of the chain 
touch the bottom of the channel. 


Bucket Valve (Eng.) The valve in the piston of a 
common suction pump. 

Buckle (Architect.) See Mask. 

- (Cott^ An instrument, often ornate, con¬ 
sisting of a rim of metal with a chape and tongue. 
Used for fastening straps or belts. 

—— (Eng.) The curving of a flat plate caused by 
stresses set up from contra<;tion and other causes: 
a permanent "set” or twist in a piece of material 
which should be flat. 

Buckled Plates (Eng.) Plates to which a dish- 
like curve has been given; u.sed in some forms of 
bridge construction, as the plate has greater stiffness 
than a fiat one. 

Buckram. A strong coarse form of linmi material 
of plain texture, highly finished. Used for linings 
and for binding books likely to be mueb handled. 
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Bookikin j( Wttoliim Manv/ae.'i Fine twilled wooUea 
olotb, with tue weave or ti^ lioes clearly defined. 

Bnekakfai Leather. Oiiginally made from btick> 
RtdnB, dressed by oil dressing; now made from any 
kind of deer. Frequently made from sheep, calf, 
and horse hides. 

Buckwheat. Fagvfyn'um, eteulenimm (order, Poly- 
yoHdcftn). The fruits of this member of the dock 
family constitute a much used food in some European 
countries and in Ameyica. 

Baddle (Mining). A machine for washing ore by 
rotating it in a circular vessel or pool of water. 

Buff (Gdtmr). A light yellew. 

- (Eng., etc.) A wheel covered with leather, 

on which fine emery, etc., is placed for polishing 
metallic objects. 

Buff Ck>at. A military outer garment made of 
skin or other thick and elastic material. The sleeves 
were short, and the g.arment was laced .across the 
cheat. Worn, t>y sohliers during the seventeenth 
century. 

, Buffer (Eng.) A stop intended to check a heavy 
shock by caasing the gimiual compression of a spring 
or its equivalent. 

Buffing (Leatlter Manvfac.) A process by which 
the grain surface of the leather is removed: formerly 
done by hand with a buffing knife; now largely done 
by machine. 

Buff Leather. Le.atber tfom which the nppi'r 
suTfa<‘c t)r “ grain*’ has been “ buffed” off (removed). 
Chielly used for Army work. Dressed with^^il. 

Bugle. See Musical 1>‘stbumi!!sts : Wind,Brass. 

Bugle^om (Her.) A small hunting horn. When 
blazoned, it should state if the shoulder strap is 
shown; if so, the bugle is fugvichl'. 

Buhl (Fttrn.) A kind of furniture manufactured 
by Bonle (lt>42—17312), an Italian wood carver, who 
ititm*lnced this stylo in France during the reign of 
I^uis XIV. LTnburnisheil gold, brass, mother of 
peiu'l, tortoieeshell, etc., worked in complicated p.at- 
terns were used for inlaying. Buhl i.s a tlcrman form 
of the name. 

Building Motion (Cotton Spinning). For building 
up the layers of raving on the bobbin.^ of a fly frame 
so as to lay them uniformly, and also give a tapered 
shape at the top and bottom; sometimes termed 

box of trleks.” Oceasionally used in resfiect of the 
building of a cop on a mule. 

Building Stones. The qualities requisite in stones 
suitable far building work an; very various, and 
depend on the nature of the work. Ktrength and 
durability are usually the two must important quali¬ 
ties ; but the exact nature of these will de{>end on 
whether the stone is to be exiwsed to the outer air 
or to be under water, or only to be used in the 
interior of the building. Ease of working depends 
upon the softness or hardness of the stone; a very 
hiu-d stone might be extremely difficult to work, both 
in the quarry and on the bench; while a very soft 
one may break away under the tools, and thei-efore 
be useless. For or<linary building purposes limestone 
and sandstone in some form are tlm stone.s most used. 
The former is always liable to be attacked by the 
atmosphere to a considerable extent, as rain water, 
containing a certain amount of carbonic acid in 
solution, can dissolve away carbonate of lime, which 
is the ohief constituent of a limestone. Sandstones, 
b^g composed largely of silica in a form of minute 


grains of quartz, are not liable to th^e 
actions, and their durability will depend qlindst 
entirely on the strength of the natuiil ^<!etn&th)g 
materiid by which the grains of iqiiartz are held 
together in the stone. Oranite and rocks of its class 
are the most durable of ail stones; bnt they ore 
difficult to work with ordinary mason’s tools, afid as 
they occur in huge masses in the earthy, instead of 
being in layers or “stratified,” as limestones and 
saa(£tones are, the expense of quarrying them is 
also very much greater. For these reasons granite 
Jind similar rocle are only used in the very heaviest 
work where enormous strength is absolutely neces¬ 
sary, or else in decorative work where the high cost 
is not an obstacle. Marbles and similar rocks are 
as a rule only suited for internal work where they 
will not be subject to much wear and tear. The classi¬ 
fication of building stones is a somewhat difficult 
matter. The geologist would classify them accord* 
ing to the manner in which they have heeii formed, 
dividing them into three classes—the aqueous rocks, 
which have been formed by the action of water— 
e.g. limestones and sandstones; the igneous rocks, 
which have solidified from a fluid condition, and 
include granite, syfpite, basalt, and similar rocks; 
and metaraorphic fbeks, which are rocks originally 
belonging to either of the above classoh, aftearwaros 
modilied by the action of heat or intense pr^ure. 
For building purposes it is more convenient to 
classify all rocks in accordance with tlie uses to 
which they are put. This gives us the following 
classification of stones used in: 1, ORDINARY 
Masonry Work : (A) Limestones. (B) Bandstones, 
and occasionally certain other rocks. 11. Hravy 
.Masonry and Enoinebrino ; Stones used in the 
foundations of heavy buildings, piers, breakwaters, 
and engineering work Mnernlly; various forms of 
granite, syenite, etc. III. Purely Obnauental 
Work: Marbles, serpentine, granites, syenites, etc. 
It will be seen that there is a certain amount of 
overlapping in the above classification, which it is 
impossible to avoid, as many (ff the stones which are 
most useful for the heaviest wi>rk are ^so extensively 
used for purely decorative purposes. I. (A) The 
princijial limestones in actual use are as follows: 

(1) AmanteT Stone and “ Oolite" Limestone: From 
IJncfiln, used for general building work in the 
locality, and for doors, windows, etc., elsewhere. 

(2) Hath St-one, "Great Oolite" Limestme. Found in 
the Bitmerset hills, at Box, Chippenham, Doult. 
i.ig, etc. This stone is soft when first quarried, 
but gradually hardens in air. It is slightly shelly, 
but line grained; very extensively used for general 
building work, and aLso for external decorative 
work, as it is extremely suitable for cutting and 
moulding. Examples: Bath Abbey, Glastonbury 
Abbey (Seventh century), WeDs Cathedral (twelfth 
and fifteenth centuries), and many collegiate build¬ 
ings in Oxford from the Twelfth to Fifteenth cen- 
turiea All these buildings are in a good state of 
repair, putting the durability of the stone beyond 
dispute. (.H) Jfnhtmer Stone, “ Magnesiam. Limeetone” 
or “ Dolomite ” .• Composition (percents^) : calcium 
carbonate, 51'1; magnesium carbonate, ^*2; iron and 
aluminium oxides, P8; silica, 3-6; water, eto., 8‘3. 
Easily worked stone, not very durable. (#) (jwwt Stoiue : 
From* the “Jurassic” rocks of Normandy. Very fine 
stone for decorative work, much ui»d on the Con¬ 
tinent and in many buildings in this country; hot as 
durable as many other building stones. (5) Dotdtlng 
Stone: A variety of Bath stone (6) Mam Hul 
Stone: A variety of Bath stone. (7) Headiftgton 
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Stow: A soft limestone from Oxfordshire. It 
has been used in the restoration of many Oxford 
buildings; but it is easily seen, on inspection, that 
the stone is not very durable, as the restored work 
shows many signs of decay. (8) HvddlegtoM Stone: 
A limestone quarried at Park Nook and other places 
in Yorkshire. (9) Portland Stone: A limestone 
from the upper Jurassic rocks of the Isle of T^ortland, 
near Weymouth. Superior to the oolitic limestones 
in hardness and durability, but less adapted to 
delicate chiselling. Colour, white to light brown; 
stands the weather well. This stone has been much 
used for many years. St. I'aui’s Cathedral is a fine 
example; also the Ctoldsmiths* Hall, and the Cus¬ 
toms House, built 1817. Another good example 
which should be inspected by students of building 
materials is the fine statue, a copy of the Famese 
Hercules,” in the Museum of Practical Geology. 
(10) Manefield"Stone : A durable arenaceous limestone 
of light colour, used in the lower part.s and foundations 
of the Houses of Parliament; also exteasively used 
for paring. (B) Bandstonesused in general building. 

(1) Belton ^om; A santlstone from the “J.ower 
Keuper” rocks of Shropshire; white and light red. 

(2) Branley Stone; Coarse-grained*sandstone from 
the “Millstone Grit” of Yorkshire; very durable; 
suitable for general building, paving, stone steps, and 
also heavy work, such as foundations for machinery, 
piers, and bridges. (3) Oraigleith Stone: A whitish- 
grey sandstone; very durable; used for general 
building, especially Ashlar work, steps, and laixling.s. 
Much of the older part of the city of Edinburgh is 
built of this stone. Quarried at Oraigleith, on the 
north-west side of the city. (1) Barley Bale Stone .- 
From Derbyshire. A yellowish-brouTi sandstone of 
fine grain, containing flakes of mica. Darley Abbey 
and Birmingham Grammar Kchool arc built of this 
stone. (6) Bvmfrieg Sandstone : A bright red sand¬ 
stone, locally used, but not very durable. (6) Bumle.e 
Sandstone (Arbroath Flays); Prom the “Ohl Rc<I 
Sandstone.” Splits into large and flat " flags,” and 
is much used for paving, as it is hard and durable 
and very impervious to moisture. (7) Elland Sand~ 
starve: From the Millstone Clrit of Yorkshire. A tine 
greyish-brown micaceous stone, used for paving. 
(8) Harrodk Hill Sandstone: A coarse-grained stone, 
used for paving, heavy foundations, engine bases, 
etc. (9) Heddon St.one: From the “ Caiboniferou.s 
Limestone Series,” near Newca.stle. A light brown 
stone, sometimes containing fine layers (or “ laminm ") 
of black carbonaceous matter. Used locally 
and also elsewhere for the facings of buildings. 
Many examples of its use arc found in Edinburgli. 
(10) HoUingten Stone; A fine-grained sandstone, 
white to grey in colour, from Utroxeter; u.sed in 
many large buildings in the Midlands— e.g. Drayton 
Manor and Derby Town Hall. (11) Kentish Rag : 
A sandstone of calcareous nature (i.e. containing a 
certain amount of carbonate of lime), from the 
“ Lower Greensand ” group of rocks. A light brown 
or grey stone; fine, shelly, not very hard or durable; 
extensively used in many buildings of modem date 
in the south-east of England. Quarried at Godstone, 
l^dstone, Folkestone, etc. (12) Longridge Stone; 
from the “Yoredale Bocks’* of Longridge Fell in 
Lancashire. A durable sandstone; used in the 
north of England—e.y. Preston Town Hall. (13) 
Manley Stone: A sandstone found in Cheshire; 
colour varies frf>m white to red; used in the restora¬ 
tion of Chester Cathedral. (14) Fmutone Sandstone : 
Yorkshire. Used for fiagstoues. (15) Penrith Sand¬ 
stone: A bright red sandstone from the “ Permian ” 


rooks. In many ways a good building stone; used 
throughout the town of Penrith ^nd ndghbourhood, 
and sometimes elsewhere, on account of its fine 
colour and appearance. It is not, however, very 
durable, as tlie dilapidated state of the old oastles 
of Penrith and Brougham in the neighbourhood 
clearly show. (16) St. Bees' Stone; Similar to the 
Penrith Sandstone in colour, durability, etc. (17) 
Staneliffe Stone: Similar to the Darley Dale stone 
iq.v.) (18) Wheatwood Stone; A sandstone from 
Yorkshire, va^yiI^; from a very fine grain to a coarse 
grit; durable. Examples: Whitby Abbey and the 
new University Library at Cambridge.—II. Stones 
USED IN Heavy Massnbt. (1) Aberdeen Granite; 
A grey granite, extremely hard and durable. Prac- 
tifally the w-hole city of Aberdeen is built of this 
stone, and it is also much used elsewhere, both for 
heavy work and also for ornamental work, on 
account of its fine appearance when polit^ed. 
(2) Cornish Granite ; One of the finest varieties of 
granite for heavy work. Examples of this Are found 
at Portland Breakwater, Keyham Dock, Commercial 
Docks (London), the London Docks, and Waterloo 
Bridge. From the granite found at Cheesewring^ 
Westminster Bridge and the Thames Embankment 
are built. (3) Bartmoor Granite: A greyish granite 
used in large work— e.g. l^oudon Bridge. (4) Mount 
Sorel Granite: From Leicestersliire. A very hard 
granite, diflicult to quarry, and therefore expensive. 
Much admired for its warm rose tint, and therefore 
used in ornamental work, as well as in work requiring 
great dunability, such as paving. (.1) Peterhead 
Granite: Fine red gmnite of very close texture. It 
can be obtained in very large blocks, and is therefore 
suitable for eolnmns. A good example of the latter 
can be seen in the columns of the Carlton House 
Club in London, and students should also inspect a 
Large vase of the same stone in the vestibule of the 
Museum of Practical Geology. (6) Shap Granite; A 
ver 3 ' granite, with large crystals of red felspar. 
This stone is regularly worked for ornamental pur- 
Ijoses, and takes a very high polish. (7) Syenite: 
This is an ignetms rock very similar to granite, from 
wliich it is distingnished by the tact that little or no 
free quartz is found in tt. Mount Sorel in Leicestershire 
is one of the best knov/n English quarries. A fine 
syenite from Norway, whose colour varies from grey 
to dark green; is* very much used in England for 
panels and decorative work, especially in the fronts 
of many modern hotels. This syenite contains large 
ciystald of iridescent felspar, and its appearance 
when polished is extremely fine; the crystals of 
felspar reflect the light to a very considerable dis¬ 
tance. (8) Porphyry : An igneous rook containing 
large cr>-.stals, chiefly used for ornamental purposes. 
An English example is known as Luxullianite, from 
Luxollian, in Cornwall. This stone is used in the 
sarcophagus of the Duke of Wellington at St. Paul’s 
Catiiedral. A more celebrated porpliyry is the 
Egyptian one quannod near the first cataract of the 
Nile, and much used in ancient work in Egypt. 
(9) Basalt: A dark-coloured, heavy, and close- 
grained eruptive rock. Chiefly used for ornamental 
purposes, but occasionally for heavy building 
work.—III. Most of the above stones are fre¬ 
quently used for decorative purposes, as has been 
noted under each example. The following, how¬ 
ever, are rarely used for any other purpose than 
decoration (A) Alabaster: , This is a form of 
Gypsum {q.v.) It takes a fair polish, and is 
very often l^autifuliy veined; but as it is very soft 
and not at aU datable, it is gniy snitable for internal 
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decorative work, such as panels, vases, etc. (B) 
Martlet; A marble is a granular limestone 
capable of taking a high polish. Marbles used in 
atatuaiy work are treated elsewhere. See Statu A.Bt 
MabbIiBS. The following are amongst the com¬ 
monest formsufied in building:—(1) Angletea Martlet 
A grained marble, containing also a certain amount 
of seipentine (o.p.) (2) Slack Martle: Found in 
Ireland, at Galway and Kilkenny. (3) Sevhythire 
Marble : Occurs in a variety of colours, and is fre¬ 
quently finely marked. Much used in mantelpieces 
and other decorative work. (4) Devonshire Martlet t 
Both black and white marbles arc found in North 
Devon, In South Devon marbles of various shades— 
grey, red, green, and rose—are found, and are worked 
for oolunihs, panels, chimneypieces, etc. (6) Pvrteek 
Marble: Blue or grey, containing shelLs and other 
fo-ssils. Some good examples of this are seen in the 
Temple Church, London. (6) Foreign Martle*: There 
are an enormous numl>er of these. Some of the best 
forms occtfr in Greece and in Italy, at Carrara an<1 
Massa, near the Bay of La Spezzia. (7) Serpentine: 
A fine stone of dark grey, variegated with other 
slmdes. Worked at the Jiizard, in Cornwall, for 
columns, ptmeLs, and many varieties of small 
decorative work. The so-called “ Connemara mar¬ 
ble ” is a serpentinous marble.—The geological 
nature of the above rocks will be found described 
under the respective headings, as are also the 


Bullion (pott.) Heavy ornamental fringe, gener¬ 
ally consisting of silk fabric covered with gol^ or 
silver wire. 

- (JKft.) Precious metal in 'the mass as 

distinguished from manufaotured articles or coined 
money. 

- {Joining). Pig lead which contains a certain 

amount of precious metal not yet separated by 
refining. 

BuIIIob P<dnt ( Olase Manvfac^ The extreme end 
of a bulb of glass which is l^ng worked on a blow¬ 
pipe. It is imiwrtant that the bullion point bo kept 
in line with the blowpipe during the early stage of 
manipulation. 

Bullnose. A small metal rabbet plane, having 
the mouth or opening clo.se to the front. 

Bullnosed Bricks (Bwild.) Bricks' having one 
angle on the end rounded off. 

Bullnosed Step (Carp, and Jain.) A step with a 
roumled end. 

Bullock Gear, Horse Gear. The device used for 
driving machines^ by animal power; the animal 
rotate.-; a vertical shaft by means of a long lever, to 
which it is yoked. 

Bull’s Eye (Build.) A small circular opening or 
window*. 


constituent minerals of each rock. 

Building Up (Eng.) Making an object of a numVicr 
of .--ma)! picfos firmly attached together; thus large 
patterns are built up of glued pieces, and forgings 
are sometimes made out of a number of .«raall pieces 
of iron welded together. To obtain the greatest 
strength, the component piei'cs are fir-t arrange;! 
w'ith tlie Vraiti or fibre of alternate layers at right 
angles to »!aeh other. 

Built Up Ribs (Carp.) Bibs composed <if 

curved pieces nailed together side by side. A 
laminated truss. 

Bulb (Jiotemy), A specialised subterranean bud, 
consisting of a disc (stem) bearing overlapping 
succulent leaves. 

Bulb Ban (Kiuf.) Bars of iron rolled with a bead 
parallel to their length, usually along one edge. 

Bulge. An irregular protuberance. 

Bulging Streu (E»g-^ etc.) The force tending to 
proditee a bulge in sheets or plates, whether ('urved 
(as in a boiler) or flat. 

Bulkhead. One of the upright partitions that 
divide tlie cabins in a ship; or tl-.at divide the 
hold into separate watertight compart.ments. The 
Collision Bulkhead is tliat neare.st the stem or 
bow of the ship. 

- (Carp.) The matchboarded space whiedt 

lights the basement under the stall board (qr.) 
in a shop; also a general term for a partition. 

Bulls (Archasol.) A boss of metal, or even leather, 
worn by freeborn and ndble lioman children until 
the age of seventeen, when they assumed the toga 
virili*. 

Bull Dog (Met.) A mixture containing iron 
oxides, silica, etc., used for lining puddling fur¬ 
naces (q.v.) The operation is termed “ fettling.” 

Bulling Bar (Mining). A bar n.sed as a ramrod 
for filling cracks with clay before bla-sting. 

Bullion (Bind.) The same as boss (q.t>.) 


Bundle. In the cotton trade, a standard weight 
of cotton yarn consisting of a variable number of 
banks, according to the counts, but always weighing 
10 lb. in the grey state. A shipping bundle is some¬ 
times 5 lb. 

- (Linen Manufac.) A standard length of 

00.000 yards, containing two hundred cuts of yam, 
is called a bundle, and it is by the bundle that linen 
yarn is usually sold. 

Bunkers (Eng.) The sj^aecs in which the coal for 
use on (he voyage is kept in a steamship; .sometimes 
the term is applied to a similar receptacle for use on 
land. 

Bunsen Burner. A form of gas burner used when 
a hot but noii-luininous flame is required— e.g. burners 
for labonitiry purposes, ga.-. stoves and furnaces, and 
for heating the Mantle (q.v.) 
employe;! in the various forms of «> 

iacancic.scent gas lighting. The “ 

es.sontial principle of this form of 
burner is the mixing of the gas, 
before it reaches the Jet whore it 
burns, with a sufiicient supply of air 
to secure complete combustion. Tlie 
gas enters by a tube r, autl in ru.-h- j 
ing up the. tube A it draw's in a ;'oti- 
finuoiis supply of air through the 
;>pcning D, th;; size of which ;’an Iw fy 

regulaU'd in order to c;mlrol the 
air supply. The mixture burn.s at B. /\ I 

in gas stoves the end B is cb.sed, I 

and a row of holes is jnerced along C I 

the tube A, at each of which a j)or- ^ J 

ti;in of the gas bums with a small ^ A f 
blue flame. Occasionally the burner •T 

“ strikes back ’’— i.e. the gas catches 
light and burns insi;le the tube A. Bdhbek Buimeii. 
When this liappeus, the gas should 
be tnrncd off and relit, as acetylene and other gases 
are prudneed, which are injuiious and liable to 
explode. 
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Bobmii Cell. Ste Cells, PbiJiABT. 

.'Bmuen Flune. See Flake. 

Bniuen’ft loe Calorimeter iUeat.") Apparatosi for 
measuring the beat given out by a body in cooling to 
(f C. by observing tlie amount of ice melted by it. 
The ice is motected from external action by the 
vessel in which it is contained being surround^ by 
a second vessel, also containing ice; this absorlis 
any heat from the room, and prevents it from 
reaching the inner ice chan:il)cr. 

Bnnien'R Photometer (Light), Essentially a sheet 
of jiaper with a translucent grease spot in the centre. 
When the sheet is equally illuminated on both sides, 
the spot is indistinguishable; if the spot is viewed 
from the side which is less illuminated than the 
other, it appears brighter tlum the paper; if viewed 
from the brighter side of the paper, it appears 
darker, owing to the light passing thrr)Ugh the spot 
instead of bmng reflected. See Photometees. 

Bnnsen Yalve. A simple arrangement for allowing 
CTS to pass out of an apparatus and preventing air 
from entering. It is made by attaching a piece of 
rubber tubing to the end of the glass delivery tube, 
catting a slit in the rubber loilgwise above the 
delivery tube, and pushing a piece of glass rod into 
the mbber tube as far as the slit, so that the rod 
extends the whole length of the slit. 

Bimter (ffenl.) A German name originally applied 
to the variegated and spotted strata occurring in the 
Upper 25ew Red rocks. It has now <mme to be used 
for the lower division of the Trias (iir Ujjper New 
Red), which commonly shows the variegation to 
which it owes the name. Similar variegation.*;, how- 
ev’er, occur in the sandstones of the Lower Now Red. 
or Uyas, as well as in other rocks which have been 
formed under desert conditions. 

' Bantons (JJiuing). Horizontal timbers across a 
shaft. 

Buoy {Marine Eng.) A hollow float anchored to 
the sea bottom; used to mark a shoal or to provide 
moorings for a vessel. 

Buoyancy {Phys. efe.) Loss of weight due to 
immersion m a fluid: the upward force exerteti on 
a body by a fluid in which the body is wholly or 
partially immersed. The force is equal to the weight 
of the fluid displaced, and in the case of a floating 
body is equal to the weight of the body itself. See 
alto Resebvb of Beovascy. 

Bur. See Berk. 

Burden The charge given to a furnace. 

“ Light burden ” denotes excess of fuel; “ heavy 
burden,” excess of ore, 

Burdiehoute Limestone ( Geol.) A band of lime* 
atone of peculiar type, which occupies a position 
about balfwiay up the Lower-Carboniferous rocks of 
the baedn of the Forth. It is a finely laminated rook, 
which consists of alternate thin bands of chemically 
^rocipitated oolitic limestone, and others of a 
mtaminous shale of the natni-e of oil shale, it 
underlies the chief part of the Oil Shale Series. 
Itbas loi^ been celebrated cm account of the well- 
preserved fossils which have been obtained from it. 

Burette (Chem... Phyt.) A graduated glass tube 
with some form of tap or stopcock; it is fixed verti¬ 
cally in a stand, and used for measuring a volume of 
. liquid which has to be run into a vessel placed 
faeiueath' the stopcock. Burettes capable of measur¬ 
ing from 5Q to 100 cubic centimetres axe much used 
in volnmctric analysis. 


Burganet, Burgon^ (Armewr'). A belmet with 
a small visor, so constructed as to permit the head 
being turned either to right or left without the neck 
becoming exposed. First used by the Burgundians. 

Burial {Hygiene^. Places used for the purpose 
are sometimes offensive. This condition isbroi;^ht 
almut by the decomposition of animal matter, and 
is intensified by the agglomeration of bodies. Sick¬ 
ness is frequently caused by the imotamination 
of both air and water. Burial grotmds are umlev 
the control of the sanitary authority or burial 
board, who are authorised to make bylaws for the 
management, etc., thereof. They, fall far short of 
cremation in hygieifto value, alse CeekaTxon 
and .Sanitation (Disposal of the Bead). 

Burin or Graver (Engrav.) An instrument of 
tempered steel, with a .square or lozenge-shaped 
point, used for engraving ooppeiplates. The furrows 
out by the square-pointed instrument ate broad, and, 
nut being deep and therefore not holding^uch ink, 
they give a grey print. The handle of the instru¬ 
ment is flat oil one side, so that it can be held close 
to the plate when being used. , 

Burlap (Pea.) A coarso fabric stained in a 
variety of colours, and jiasted upon a wall to give a 
uniform but broken surface. Hand stencilled ^czes 
(lone directly upon the material arc often used where 
a refined and uncommon decoration is desired. 

Burner (Motor Cars, etc.) Oil (paraffin, petrol, 
etc.) is forced by air pre.ssure or a .small pump 
through coil-s of heated tubing, in which it becomes 
vaporised, to a ga.s burner, usually of the Bunsen 
tyjic, giving a hot flame vv'ith very complete com¬ 
bustion. The vaporising crtils must be heated when 
first starting the burner; but, once started, they are 
kept hot by the burner itself. See also Oifi Feel. 

Burnett’s Fluid. A solution of zinc chloride of 
specific gravity 2. It is used as an antiseptic. 

Burnett’s Process (Eng., etc.) The soaking or 
impregnation of timber with a dilute solution of 
zinc chloride, to increase its poweiO of resisring 
atmo.spheric influences. 

Burning {Eng., Met.) Oxidation of iron by 
keeping it too long at a welding heat. Burnt iron 
is pnactically useless. 

Burning Back (Motor Cars), The lighting of the 
vapour in an oil burner behind the jet in the tube of 
the burner. It is a somewhat dangerous ocourrenoe, 
and the .supply of fuel should be cut off at once, and 
the burner relighted after it has cooled down slightly. 

Burning In Kiln (Glass Manu/ao.) A kOn used 
for bumuig in stain or enamel decorations on 
glass. It is generally heated by gas mixed with 
atmospheric air. 

Bnvnifig Off (Pee.) Old paint work burnt off 
with a blow huup. 

Burning On (Fmendry). A process of adding a 
fresh part to an injured or incomplete <uuiting. A 
stream of molten iron is allowed to run through the 
mould of the new part of the casting until the surface 
where the junction is to be becomes fused. The flow 
is then stopped and the fluid metal in the mould 
allowed to cooL The process produces a kind of 
“ weld.” 

Burning Ont of a Hachino (Meet. Eng.) The 
destruction pt the insulation bj' overheating of the 
conducting wires of a dynamo, or motor, when too 
laige a current passes. 
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BttRddi llxe gloHs on the edges of « book 

produoecl by a bnrnisfaing tooL 

Bu rn l ri i e f (JEhyrae.) An instnunent of polishet] 
steel with a blunt edge, used to reduce, soften, at 
remove faulty linea on an unsaved copperplate. 

Buri l a hing . .Produdug the highest state of finish 
on a surface by meams of rubbing with special tools, 
usually of very bright smooth steel; but various 
stones, e.g. i^tes, are also used. 

— {Pl^o.) Effected by pas-sing prints be¬ 
tween polished steel rollers, or else by allowing 
the print to dry in close contact with a poUshed sheet 
of glass or ferrotype iron. • 

Burnt BallMt {Build.) Clay that has been burnt 
(calcined). 

Burnt Iron or Steel (£!ng,,Mi‘t.) Metal which has 
aUsorbed an excess of carbon by contact with the fire 
at a great beat. It is valuele 3 .s. 

^Bnnit Qttt” Laee. Imitation guipure and similar 
laoo made upon the embroidery machine. A woollen 
foundation is used to build the lace upon, thLs foun- 
(hdion being afterwards “ burnt ” or di.s.s<)lved away 
iu a solution of caustic soda or other chemical. 

Burnt Bieran {Paint.) Sienna earth is burnt and 
is converted into a pigment of a fine orange-red colour. 
Used both in oil and water-colour painting. See ako 
Sibkna. 

Burnt Umber {Paint.) Umber is burnt and 
ground, producing a pigment of a reddish-brown 
colour. See aho Umber. 

Burr {BngJ) The turned up and ragged edge of a 
piece of metal after imtting or grinding. 

- {Engra/e.) The ridge of metal raised on 

the edges of a line by the cutting tool, generally 
removed, partially or altogether, bj' the scraper. 

Burr* Bujrru Copper {Met.) A blue form of 
MaUachito or copper carbonate; a copper ore from 
Australia. 

Burrs. See Bricks. 

Bursting etc.) A.s applied to pulleys and 

grindstones, it denotes a fracture due to the stresses 
set up by centrifugal forces when the object is 
rotating at a high sj^jeed. 

Bush {Png.) An anti-friction lining for a bearing, 
in one piece, very often cmd in nitv. 

Bushel. See Weights akd Meascbes. 

Btt^n. ( 1 ) A half boot reaching to the knee, 
worn in classic times. Diana, Bacchus, and Mercury 
are frequently represented wearing buskins. (2) The 
thick-soled boot worn by actors in ancient Athenian 
tragedy, known as “ Cothurnus,” and distinct from 
the ” sock " or low shoo worn by comedians. Hence 
“ bnsldn *’ refers to the tragic art. (3) Ako worn in 
the middle ages, especially % kings at coronation. 

Bustle {Paint.) The opposite to repose. Absence 
of quiet and harmonious tones in composition of a 
picture. 

Butanes, C^H,«. There are two isomeric butanes 
—viz. Normal Butane, CH,CHjCHjiCn„ and 8 e- 
COSOABY Butane (also called trimcthylmethanc), 

CH^ CH — CH^ The fi^st bqils at 1°, and the second 

at 7 - 17*. Normal butane occurs in petroleum, and 
can be (d>taincd by heating ethyl iodide with sodium. 
The set^d is obtained from tertiary butyl alcohol 
by making the iodide, and reducing this with nascent 
hydrogen. They belong to the parafBn series of 
hydrocarbons. 


Butt {leather Manvfao.) The best part of tiha 
tanueil hide; the back, after the belly and shouldem 
have been cut off. Used for soles of boots, beltiig, 
and heavy narness. 

Butt Ooupling {Eng.) See Box Coupling. 

Butt Ended Spoke {Cycle). A spoke which h^ 
been*thickcned at the end brfore cutting the aorew 
thread on it, in order that the strength of the 
screwed part may be as great as that of the rest of 
the spoke. 

Butter {Ibtide). Is made from the fat of milk by' 
churning. ‘It is an article of food unfortunately 
very liable to adulteration. This is ordinarily done 
by admixture with other animal or vegetable fats. 
Occasionally potato and other starches are added. 
Water in q^iantity exceeding 16 per cent, is also 
regarded as adulteration. Composition: Fat, 82 to 
87 per cent.; casein, milk, sugar, *5 to 1*2 per cent, 
together; water, 9 to 15 per cent.; ash (including 
salt), lass than 2 percent, if the bntter is “fresh,” 
or 2*1 per cent, and over if “ salt." The fat consists 
of compounds of glycerine witli the following fatty 
acids: jialmitic, stearic, oleic, butyric, cajnrom, etc. 
Butter owes its <^istioctive characteristics to about 
7*8 per cent, of the glycerine compounds of butyric 
and caprofc acids, etc. Butter is also adulterated 
with preservatives and colouring matter. The 
usual preservatives are boric acid and borax, or both. 
The colouring matter may be annatto, or “butter 
yellow,” which is dimethylamidoasobenzene. 

Butterfly Yalve {Eng.) A couple of flap calves 
with their joint between them, like a com m on hinge. 

Butt Joint {Carp., etc.) A joint at right angles to 
its length. A plain joint without tongue or groove. 

Button {Er^.) The piece punched out of a plate 
by the punching machine. 

— {Watchmaking). The knob fixed to the 
winding stem of a keyless watch. 

Button Headed Screws {Eng.) Small screws 

with hemispherical heads. 

Buttress {BuHd.) A mass of brickwork or masonry 
to prevent a wall being overturned. It acta as a 
permanent strut or Khore {g.v.), and resists any 
thrust iu an outward direction, ix. at light angles to 
the plftnc of tlie wall. 

Buttress Threads {Eng.) A thread whose section 
is a right-angled triangle, one face being at right 
angles to the shaft. They are used in screws which 
are to resist a force which is always in one direction. 

Butt RlTOting {Eng.) A riveted joint where the 
plates touch at the edge only, and a strip overlaps 
aud is riveted to both of them. 


Butt Strip {Eng.) The strip of plate used to cover 
a butt joint. * 

Butyl Deriyatiyes. Compounds containing the 
grou[) CjHg, derived from either of the two butanes 
(see Butanes) by subtracting one atom of hydrogen. 
Thus isobutyl carbinol, the principal constituent of* 
ordinary amyl alcohol (</.t.), would be C^Hg. CHjOH 

= CH . GH„. CHgOH. 

Butyric Adds, Only normal butyric acid,' 

GII,CH.jCHgOOOH, is important. It is, a rancid- 
smelling liquid boiling at soluble in water, 

alcohol, and ether. With alcohol and sulphuric acid 
it gives a smell of pineapples on warming. It is the 
chatacterlstio acid of batter (g,v.) Formed in tlte 
fermentation of starch, sugar, and lactic acid by 
certain bacilli; on this account it is found in the' 
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« intestines. |>e syntbesised from ethyl eoeto.- 
. acetate (g.r,') The smell of rancid butter is laigel# 
due to this acid, 

.^ntyi<iii (?HjOOC.O,Hy , v. 

t 

CHOOO. C,H, 

fcH,ooc.r,H, 

Is the glycerine compound of normal butyric acid ; 
forms one of the fate of butter (4-()7 per cent, nf 
butter fait>). r 

B<W»0. The Birmingham Wire Gauge. 

See Wise Gauges. 

.. By Planets ((fat lAquor'). See Gab Ha^iUfac- 
TVftn aa4 Waste Pboducts. 

BteHras (Zeology). A mass of adhesive threads 
hectefe<1 by a gland within the body of many bivalve 
shellfish. The byssus (“ beard ") eeryes as an organ 
of attachment. 

Byzantine Arehiteeture (Architect,) This style 
of architecture was developed at Byzantium in tlio 
fifth century a.d. The chief characterisGcs of 
■' Byzantine architecture are the extensive use of the 
dome and pendontive over large spaces: interiors 
richly treated with marldes, mosaics, and incised 
ohiament. The finest example is the church of 
Bagia Kophid (A.D, 632—638) at Constantinople. 

, Byzantine Art. Greek and Roman art mo<lified 
by Christian thought. Bevelopeci at Constantinople 
about 300 A.D., and during the Middle Ages was 
widely identified with all kinds of art, especially in 
Italy. It depended much on colour for its effect, 
and abounded with Christian emblems. 

Byzantine Binding. Binding executed by the 
moiis principally, before tlic invention of printing. 
Books being at this time extremely valuable, the 
bindings were often richly ornamented with paintings, 
gold and silver work, and even jewels. 

Byzantinez (Coins). See Bezaitt. 

C (Ghem,.) Symbol for Carbon (q.r.) 

- (Mueic). The first note in tlie scale of C. It.s 

sol-fa name is Do, Doh, or Ut. 

Ca ((Item.) Symbol for Calcium (q.e.) 

Caaba. The name given to a stone building 
situate within the great Mosque at Mecca. Regarded 
with great veneration by Mohammedans as contain- 
tbe Black Stone or Keblah, presented by the Angel 
Gabriel to Abraham on the occasion of the building 
of the original Caaba. The entire building is some¬ 
times called by this name. 

Gab (^ny.) The shelter provided for the driver 
on a locomotive, 

< i.CablBetmakiiig. The nonstmetion of the better 
iSass qI- furoitare. It is distinguished from JoiKKRY 
by thetgreater variety of woods u.sed, move elaborate 
orpameqtation and finish, the use of .Veneer (q.r.), 
and the difference in the construction of the joints. 
iTKese are often much less scientific than in joinery, 
as neatness and general finish are of greater im¬ 
portance than strength. 

Cabinet Pietuie. A small painting, generally 
highly finished, and admitting of close inspection. 

Cabinet fifize (Photo.) A print of which the size 
when finished is about 4 in. by 6 in., i,e. somewhat 
lew than a Half Plate (q.v.) 


I dkble (Arehiteet.) A convex moulding need on 
the lower part of the flutes of a oolumn. The cables 
are usually onc>third the length of the shaft in 
height. They were not used in Greek wen-k. 

- (Elect. Eng.) A heavily insulated wire or 

set of wires, often protected from injury by a very 
strong covering. Used.to convey large currents for 
lighting and power, or for the sm^l ounento required 
in telegraph or telephone work. In the latter cases 
a number of sejtarately insulated conductors are 
often included in the one cable. 

- (Eng.) A stout rope of either hem^ or steel. 

The name is also apj||ied to a chain, espeoially that 
to which the anchor of a ship is attached. 

— (Meatnre of Length). See Wexohtb AND 
ME.4.gURKB. 

Cabled Column (Arohitect.) A column in which 
cables are used. It is also known as a RUDENTED 
Column. See Cable. 

Cable Laid Bope (Eng.) A rope formdti of several 
ordinary ropes, the whole being twisted in the diree- 
tion opposite to tlie strands of the individual ropes. 

Cable Moulding ( Architect.) An enriched moufd- 
ing consisting of a torus carved to represent a rope, 
used in Norman architecture. 

Cable Railway (Civil Eng.) A cable extending 
the whole length of the track is placed either over¬ 
head or underground in a slotted conduit. The cars 
are drawn along by means of a clutch, which grips 
the cable when required, and leleases it when the 
car is to stop. Cable railways are most suitable for 
short straight inclines. 

Cable Tramcars (Civil Eng.) These use the 
central slot .system. The cable runs in a roomy con¬ 
duit under tlie .slot, and is supported by pulleys 30 
or 40 ft. apart. The clutch, when it seizes the cable, 
rai.ses it aliovc the level of these pulleys, and so 
passes them freely. Tlie cable usually runs at 5 to 
0 miles .an hour. The most extensive system of 
cable tramc.ars in Great Britain is that of the city 
of Edinburgh; two of the most hilly*routes in the 
city have been worked on this system for a long 
period, and in recent years the whole system has 
been tlius equipjiod 

Cable Ways ((?ivil Eng.) Overhead cables, suit¬ 
able for haulage of materials. The cable and gear are 
c.arried or trestles, which can, if necessary, be erected 
on broken and irregular ground, or carried over 
streams or ravines. The system is extremely nsefnl 
for the carriage of materials used in the erection of 
bridges over wide rivers. 

Cabling ( (htton Spinning). A process of doubling 
by which seimratc groups of threads are twisted 
together, then retwisted together so as to produce a 
round, even, and strong thread— e,g. sewing cotton 
thread. 

Caboched or Caboszed (Her.) Affrontd or full 
faced. When tlie head of the animal in a heraldic 
device is placed looking at the spectator and the 
neck is concealed; also called Truncksd. 

Caboohon. A precious stone cut into plano-convex 
or concavo-convex form and polished, its natural shape 
being little altered; generally a garnet, ruby, sapphire, 
or amethyst. 

Cacao (Botany). A name often applied to Thee~ 
broma Cacao, a tree of tropical America. See Cocoa 
and Theobromine. 

Caefaou de Laval. Si-e Dteb and Dyeing. 
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CModyi O7%0m.) This word is used in '^‘two 
ways. (1) It is applied to the monovalent group 

As—, which has no independent existence, but 

enters into a number of compounds called after it, 
cacodyl compounds; e.y. (CH,) 2 /u;Cl is Cacodtl 
Chlosidb. (S) It is appHed to the compound 

CII V 

formed by the union ot the group (ifiV 

another group like it, and thus having the formula 
[tC’Hj'ljAs—As(CH,)j]. This oomjraund Caoodvl, 
obtained by heating cacodyl chloride with zinc, 
is a liquid which fels about 170®: takes fire in 
air: its smell may induce vomiting; forms with slow 
access of air CaoodyIj Oxide {(Ch^2As}j,0-, a 


compound also produced when arseuious oxide is 
distilled with i:totassium acetate. The oxide boils 
about liiO'’, has an appalling smell, and behaves like 
a basic oxide. Cacodyl Chlokide, (CH,)^sri, is 
obtained ^ action of bydrtKshloric acid on cacodyl 
oxide; it is a liquid boiling about 100% and its vapour 
produces terrible effects on the eyes and faee when 
inhaled. Cacodyl rvANiDB, ((’irjjAsPlI, ob- 
tdined by heating the chlorMe with mercury cyanide, 
is a solid molting at HU®; itsvaiiour is fearfully 
poisonous. ('ACODYLic Acid, ((.'H,)jAsO . OH, is 
formed by the action of mercuric oxide and water 
on cacodyl oxide; it is a deliquescent crystalline 
solid. Its sodium salt is user! in medicine; it is 
tcRs poisonous an<l has the same use .as arsenions 

oxide. The group ^ behaves like a 

monovalent metal, and it is therefore an example 
of a compound radical {q.v.} 


Cadaverine(f7^cm.),CH.^ * {^Penta- 

mrthyhmdiamiHe), Is found in putref\ing corpses 
and in many kinds ot putrid fiesli, it is also 
found in pun* cultures of the cholera bacillus. It 
is a colourless syrupy liquid boiling aiiont 175’; 
has a peciiliu smell : fumes in aii . soluble in water 
and alcohol. It forms salts with aciiis, and is a diacid 
Ikjsc. It is not i>f)isonon8 except m verj large doses. 
Has been mjule artificially. It is a 1’tomaisb (y.r.) 

Cadence {JUmir). The close of a phrase, and tlio 
term applic<l to the two tiual chonls of a musical 
phrasi*. There are four kiials. (]) Peeklct. when 
the chord roots arc l>omin;iut to Tonic. (2) Imper¬ 
fect, when they are Tonic to Domiiwnt. (H) Plagal. 
when the roots are Subdominant'- to Tonic. (4) In- 
TBBRUPTLD, when the Dominant proct'cds to some 
other root than Tonic. 


Cadenza t l/«sic). A free, figure (generally written 
in small not<>s) introduccfl before a close. 

Cadmium {(lu'm.), LM. Atomic weight, 112. A 
white nu'tal with bluish tinge; melts at 1121)”; boils 
alout 770' ; its \apoar dcu.sily shows it to luive a 
monatomic molecule (tj.v.) Easily soluble in hydro¬ 
chloric, sulphuric, and nitric acids; burns in aii when 
strongly heated, forming a brown oxide, OdO. It 
occurs along with zitio, and comes over with the first 
mrtions of that metal when distilled from its ores. 
To obtain cadmium, these first portions arc re- 
distillo<l and the product dissolved in liydrochloric 
acid and precipitated >iy .sulphuretted hydrogen, 
when the yellow cadmium sulphide is thrown down. 
The Bulphido is dissolved in strong liydrochloric 
acid, precipitated by sodium carbonate, the car¬ 
bonate heated, and the resulting oxide distilled with 


carl^ Cadmium belongs to $he same ebe^oal 
'^,famuy as zinc, which it closely'resembles; tl}e chief 
distinction is the yeHow sulphide insoluble in dUnte' 
hydrochloric acid. It forms a constituent ofJB’VfiXB^LB« 
MBTAL (jr.r.), and oerfizin of its oompounds forlush 
valuable pigments. 

Cadmium Tallow (Dec.) A bright rioh yellow 
pigment made from a salt of the metal cadmiiuh 
by passing through it sulphuretted hydrogen. 
yields the pigment which is sulphide of cadmium. 
It is pemument in oil, tuiqientine, water^and othet 
vehicles, ana may be mixed with any other pigmtofs 
excepting white lead, the chromes, and those con¬ 
taining lead or (such as emerald green) cup]fi«r. 
Made in three shades. Employed by artists and 
decorators, and rapidly increasing in use among the 
latter. 

Oaduoeuz iAteJueol,) The staff 
carried by Mercuiy and symbolical of 
peace and prosperity. About it coiled 
two serpents, and to tho top were 
attached extended wings. 

CaduB {Arehaol.') A large jar of 
terracotta, used by the ancients for 
wine, oil, etc. 

OBBCum iZuoloffn). A blind out¬ 
growth from the junction of the 
ileum and the colon. It is largest in 
herbivorous animals. The end of the 
cxcum is termed the Vekmifokm 
Appendix. 

CslatuFU (rirt). Latin for the art 
of carving bas reliefs, especially in 
metal: ileasing or engraving. Cabcoewi. 

Caen Stone. Set- Building Stones. 

CasBlum, Cs. Atomic weight, lU.*t. A white metal 
.spontaneously iuilammable in air; it decomposes 
water. It belongs to the same group of elements as 
pobi.'sinm, which it closely resembles chemically. 
This was the first metal discovered by spectrum 
analysis. It occurs in many mineral waters, and was 
first discovered by Bunsen in the waters of Diirkheim. 
Its spectrum is characterised by two bright blue 
lines, . 111(1 from this circumstance it derives its name. 

Caffeine or Theine iChem.') 

H/’.N,-,CO 

I I 

OC*5 M' - 

! ^ 

- *C . "N 

Eorms long silky needles ; melts at 2.33®; sparingly 
soluble in cold water, readily in hot. It is a feeble 
base. Acts on the heart, and is a diuretic. It is 
contained in tea (3 to 5 per cent.), c(^ec (1*3 pfD' 
cent.: coffee-leaves much more). These beveragtss 
owe much of their effect to this substaneA It may 
l»o obtained from tea by treatment witli hol^ milk 
of lime, evaporating, extracting with chloroform, 
evaporating the extract, and crystallising from waWA 
Test, similar to murexidc test for uric acid (y.».) 
Uives precipitates with alkaloid res^entfe {q.v.) 

Ca^e (,£ng.) The chamber or receptacle of a lift 
or winding gear of a mine; it is o^Q made large 
enough to accommodate a considerable number of 
men or of waggons containing the material evhich is 
being remov^ from the mine. 
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Cmge Y&lve (Miff.) A valve consisting of a 
apbmcal ball fitting into a seat of saltable fbrt^ 
and provided witli a cover or cage of bent wire oir 
bars, to prevent the loose ball from rising too fat out 
of the seat, 

Cainoaoio (ffcoi.) Another name for the Tertiary 
period. It is correlative with Azoic, Bozoic, 
J’AL.^ozQic, and Neozoic (ff.v.) In Britain it is 
osually applied to all strata of newer date than those 
of Creraceotts age. 

Coim {ArifhieoL) A mound or heap of stones 
generally of conical shape, Sometimes erected m-er 
tiie graves of the dead or in commemoration of solue 
remarkable eyout. Cairns are also erected in moan- 
tainons districts to serve as landmarks and to indi¬ 
cate the position of frontiers or other boundaries. 

OairiigonB {Min.) A dark brown variety of 
Quabtz (q,v.) much used in jewellery. Tlie varieties 
naed for this purpose are natui-ally almost opaque in 
the mass, bat the colour is largely discharged by 
boiling in oil. 

OaiiaoB {Muff.) A water-tight chamber sunk into 
the ground under water. Masonry operations such as 
laying the funudations of bridge piers are carried 
on from within. 

Caithneu Fl^s (GeoL) The grey, micaceous, 
•nd somewhat bituminous flagstones which form a 
large part of the Orcadian Old Ked Sandstone (the 
true Middle Old Bed) in Caithnc.ss and Orkney. It 
is much qaarried for pavements, and for any other 
purpose to which flagstones are usually api>lie(I. It 
yields a considerable variety of the fossil remains of 
the fishes which lived in the inland lakes of the 
period between that of the Upper Old Bed and the 
Caledonian Old Bed. 

Ci^epat MetaUnca lencadendrm{orAox, 

Myrtaceep). A stimulant oil distillefl from the 
leaves. The plant is a native of the Molucca.s. 

Cakiii|Coal. Coal with much bituminous matter. 
Used in forges and in ga-smaking. 

Calabar Bean {Botany). Phyangt iyma venenaoum 
(order, J.^eguntinma). A West African plant whose 
ripe seed yields the alkaloid Physostiomine, used 
in medicine. 

{Min.) Carbonate of zinc; ZnCO,; 
ZnO=64'8, C0;,5=:36-2 per cent. Called Smithsonith 
by some American writers and others. Commonly 
found as inemsting masses. It is the most impoitant 
ore of zinc. Colour white, greenisii, or brown, but 
very variable. Its crystallogiaphic form is rhombo- 
hedraL From Cornwall, Cumberland, Derbyshire, 
Thunfriessbire; much also comes from Bilesla, 
Carintbia, Spain, United States, etc. 

GaUuide (Mntic), Decreasing the sound. When 
followed by a tempo it is used in connection with 
and means decreasing the pace. 

(AreAaol.) A headdress of Egyptian 
origin, consis^g of a close-fitting cap fastenctl by 
a bond passing round the head. 

. Calatfana A wickerwork ba.sket used 

by the Grecian women to hold their wool for 
spihning. 

Oakareoai Roekt {Geol.) Bocks consisting 
trhoUy, or in part, of carbonate of lime. Tlie term 
Incitules all limestones and most true marble.s, as 
well as a oonsidemble variety of sedimentary' 
rocks IniBi whose composition carbonate of lime 
en^rs. t * 


Calooni {Arekeml.) A shoe oc'btdf boO^t wont hf 
the Bomans. It differed aooording to the rank or 
official position of the Wearer, 

Galcifereos Sandetemw {Geol.) A term applied 
to the lower part of the Lower Car^niferous Bocks 
of the south of Scotland before their true geological 
position was known. They are chiefly of estuarine 
origin. They contain but little lime,, and consist 
largely of shales. The upper part of the rocis in 
question is the horizontal equiv^ent of the Mountain 
Limestone, while the lower part is contemporaneous 
with the Lower limestone 8hale.s. Important groups 
of volcanic rocks occur in these strata in Bootlaqd. 

Caleination or Rotsting (Met,) Heating an ore 
without causing fusion. It is an important operatiun 
in connection with many oioa, whereby various con¬ 
stituents {e.g. carbon, sulphur, arsenic, etc.) are 
converted into gaseous substances and expelled in this 
form; in addition to this objecl^, some ores are cal¬ 
cined in order to effect the oxidation of .the metal 
itself. 

Calcining Furnace (Met.) A reverberatory fur¬ 
nace (t/.r.) used tor calcination or nuisting. , 

Calciphyres (Geol.) A term sometimes applied 
to certain tuarbles which have undergone a con¬ 
siderable amount of M£TA.uobphisu ty.t’.) and in 
which new silicates have consequently been 
; developed. 

Calcite (Min.) Calcium carbonate in the rhombo- 
! hedral form (c/l .A.nA(iOSlTK), Cat’Oj, CaO = 56, 
(JOj = 44 per cent. Tt occurs crystallised in a great 
variety of forms, and massive as STALACTITES and 
incrustations in caves. The pure variety, ICELAND 
Mpak, is very valuable on account of the demand for 
it for the inauufaetuie of polariscopcs. Obibistal 
.A.LABASTBB i.s a stalaguiit b; variety, and is need under 
the name Alcebian Onyx for ornaments. Oalcite 
is a very common gangue metal (ff.v.) in metalliferous 
veins. Calcite shows very marked doable refraction. 
It is very widely distributed all over the world. 

Calcium, C'a. Atomic weight, 40. One of the 
must abundant elcracnl-; contained in walk, marble, 
limestone, dolomite, alabaster, selenite, etc. (q.r.) 
it is obtained as a brilliant white crystalline solid 
by heating calcium iodide with excess of sodium in 
an iron crucible. The excess of sodium, which, while 
molten, serv es as a solvent for the calcium, isremtA'cd 
by gradually adding the contents of the wucible, 
when cold, to absolute alcohol. Calcium burns in 
air to form the oxide CaO (Quick Lime), and rapidly 
conji»int'.s with water, forming HLAKED Limb, OaCOH)*. 
Heated in hydrogen it forms the white hydzi^ 
Oallj. 

Calcium Compounda. Caloittm Oxidb, CaO 

((juxcK Luue), a while amorphous solid, combines 
with water to form the hydroxide Ca(OH)j. It is 
obtained by heating tiie carbonate or the nitrate; is a 
typical basic oxide. Calcium Hydboxidk, Ca(OH).^ 
(Slaked Lime), is a white powder sparingly soluble 
in water. The clear solution is called Limb WATES ; 
the turbid mixture of the hydroxide and water is 
called Milk of Lime, used in making moytar (o.v.) 
Both solid and solution absorb carbon dioxide from 
the air. Calcium Chloeide, OnCl,; A White deli¬ 
quescent solid, prepared by dissolving the carbonate in 
liydrocldorio acid and evaporating to crystaUisatlon 
when CaCl*6H.,0 is deposited. On heating tbe.se 
crystals, CaCL‘remains. Comlrines with aipmonia 
gas to form CaC48NBW Used as a drying agent. 
Calcium Cabbonatb, CaCO,; Natural forms are 
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chalk, limestone, marble, oalcite, aragonite (;.e.) 
Prepared by adding sodium carbonate solution to 
calcium chloride solution and vashingtheprempitate 
with water (Pueoipitated Cuaxk). Solubility in 
water less than 1 in 10,000; but in presence of 
carbon dioxide dissolves readily, owing to formation 
of CAXCtuH A.OID Cakbokatb, Ca(HCO,V 1^ 1b the 
presence of this latter compound that causes Tsic- 
POBAST HabDKSSS in water. As it is decomposed 
on Iwiling or addition of liuie water, these operations 
I'eniove temporary hardness. Calcium carbonate is 
decomposed, on beating, into quick lime, CaO, and 
carbon dioxide; also it dissolves in aouls forming 
carbdh dioxide, water, and tha calcium salt of tbc 
a«!ul. CAXCirM Sulphate, CaKO,: Usually met with 
as Ca80^2H^0, See Gypsum, Alababteb, Selekite. 
A white solid soluble to extent of 1 in 480 of water. 
When present in water it cause.s Tebmanent Habd- 
NESS. Hay be prepared by adding sulphuric acid to 
a solution of calcium chloride and washing the 
prccipitat<A When Gypmm, CaSOgilTjO, is heated, it 
forms l^.ASTEB OP Pauis, 2CaSO,. H^O, which, when 
mixed with water, “ sets,” owing to re-formation of 
(leS0,2Hj,O. The sulphate heated with carbon forms 
Calcium Sulphide, CaS~, a white powder which, 
when exiwsed to sunlight and then removed to a dark 
room, becomes luminous (Canton’s Phosphobus). 
CALCitTM Phosphate, CnsCPf'^)., (see Phosphobite, 
Apatite, Esteamadubite), is' the principal con¬ 
stituent of bone ash (y.r.) May bo prepared by 
adding ammonia and snUiiion of sodium phosphate 
to solution of Calcium cliloride. Vhite solid, insoluble 
in water and soluble in acids. Wlicn treated with 
sulphuric acid according to the equation Ca,(P 04 ). + 
2Hj80, = CaH,(PO ^)2 + 2CaSO^, the resulting niix- 
tuie of calcium aciil }thu.sphate and calcium sulphate 
is called pUPEBPHOSPiiATE op Lime, and is largely 
used AS a manuie. Calcium Phosphide is obtained 
along with calcium phosphate when vapour of 
phosphoxais is passed over heated quick lime. Water 
decomposes it, forming spontaneously inflammable 
phosphoretted hydrogen, which bums with a bright 
white liglit; •lienee the use of tlie phosphide for 
signal lights at sea. 

Calender (Paper Manufae.') A stack of super- 
imiKised rolls used for imparting a polished surface 
to finished fiaper. 

- (Textile Manufae.) A machine nsod in the 

starching and dressing of cotton fiilirics. It consists 
of .a number of rollers under pre.ssure and in contact 
with each other. 

Calendered Paper, l^iper with a glazed surface, 
generally used for the printing of illustrated works. 

Calender Rollers ( Woodm>rking). The rollers by 
which wood is fed into various forms of wood¬ 
working machinery. 

CUf (Bind.) A superior kind of leather made 
from omfskin and used in bookbimling. It is 
frequently coloured or marbieil. See Vellum. 

-, Box (Leather), See Box Calf. 

Calf Kid. Calfskins dressed with alum, salt, 
flour, and egg yolk. Afterwards dyed black on grain 
side. Formerly largely used for uppers of boots. 

Calibration (Phy»,, ete.) A determination of the 
correct value of the graduations of a scale or some 
measuring instrument; or a determination of the 
dimensions of an object which is to be used as a 
standard of measurement. 

Caliche (Chem.) A name given to Chili Salt- 
FBTBB; naturally occurring si^ium nitrate. 


CaBoo. A cloth in which the tVarp and weft are 
4temately interlaced^ thus forming a strong ahd 
mmly bound cloth. It is nsed in its grey State, 
also in the dyed, printed, and bleached Its 

method of interlm^sing is knowm as a “ plain weave.” 
Tbc name is derived from the town of Calicut in. 
India. 

Caliga (Arek^eol.) The strong heavy shoo worn by 
Roman soldiers. 

Caliver (Arm.) A light gun resembling an arque¬ 
bus, but having a wider bore. It was used first in 
the sixteenth century. 

OUlx (Arahaot.) A shallow Grecian drintdng 
cup having two handles: hence chalice. 

Calking or Canlkl^ Filling the openings 

of the seams of a ship, boiler, etc., either by barring 
the edge of the plates or by driving in some 
substance to fill up the crevices. 

Calligraphy. Handwriting or penmanship. Per¬ 
haps the finest examples of bandwriting are to be 
found in the manuscripts of the middle ages. 

CaUiojpe (Bng.) A modulated steam whistle used 
on American steamboats. 

Callipera. A tool for measuring the internal or 
external diameter of objects. Two varieties, known 
as Inside and Outside Callipebb, are commonly 
used; these resemble in principle a pair of oom- 
piu-sea, but the legs are curved so as to turn the 
points outward in the first case and inward in the 
second. A more modern form consists of sliding 
trammels (q.r.) on a straight bar, resembling a pair 
of beam compasses (q.v.) The bar is often gradu¬ 
ated, and one of the trammels fitted‘With a fine 
vernier (q:t.) for exact measurements. 

Callipygian Venu (Art), The name of a cele- 
bmted statue of Venus in the Famese Palace, Rome. 

Calmato (Mugic). Calmly. 

Calme or Came (Buildmg). The bars of lead- 
glazed windows, in which the glass is fixed. 

Calomel (Mm.) Mercurous chloride, HgCl. It is 
ratdcr a rare mineral; tbc ding of the same name is 
an aitificially prepared compound. See also Meboubt 
Compounds. 

Caloreseenoe ( Heat, Light). The absorption by a 
substance ot radutiuii of a given wave length and 
its subsequent emission as radiation of less wave 
length; e.g. invisible infra-red radiations absorbed 
by a piece of platinum foil can cause it to become 
incamtescent: the energy of the long and invisible 
waves is given off as visible waves of shorter wave 
length. 

Caloric (Phye.) Heat was at one time regarded 
as an elastic; fluid, and the name Caloric was used 
to denote this substance. 


Calorie (Phy».) The unit of heat generally used 
in scientific work. It is (for most practical porpos^ 
the amount of beat necessary to raise 1 gram bf 
water through 1° C. For very accurate work it 
is necessary to specify the exact temperature at 
which the water is taken, as the specific heat of 
water varies. The temperature most usually agreed 
on Is 4° C., but other temperatures have been nsed 
from time to time. * . ’’ 


c.tt,i«>i»Hl« Value (Heat, etc.) The measure of the 
amount of heat obtainable from a given weight of 
fuel. It is usually fooml by direct experiment, the 
fuel being completely burnt and the heaj;. evolved 
measured by some form of calo^mete^ 
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Calorimeter (Phyt.) An instrument for messuring 
actual quantities of beat. In its commonest form 
it oonsists of a thin metal vessel, in which a known 
mass of water (or other liquid) is placed. The rise 
or fall in temperature of this liquid (due to the 
introduction of a hot or cold body) is observed by 
means of a thermometer. The vessel is usually pro¬ 
tected from loss or gain of heat through radiation 
by means of an outer vessel. See alto Bunsen’s 
Ice Calorihbteb, Steam Calobimeteb, etc. 

Calotte (Art, ete.') A term for the smaller section 
of a sphere, not used in scientific phraseology. 
Also used to denote the small Skull Cap of an 
ecclesiastic. 

Calpls (Pot.) A Grecian earthenware vessel of large 
size, having three bandies, used for holding water. 

CaItraip,Calteop,orOaUtpap(ArcA<eoZ,('^e.) (l)An 
instroment of iron with sharp projecting points, 
laid on the ground in battle to wound the feet of the 
enemy’s horses. (2) A trap or gin. (3) Sometimes 
used as a charge in heraldry. 

Calomba Root (Botany). Jateorhita calumba 
(order, Meniepermaerm). The tonic drug is prepared 
from the dried roots of a trailing plant from the 
forests ef East Africa. 

Calyx (Botany). I’he outer whorl of fioral leaves 
(Sepals) in a fiower. It has usually a protective 
function. 

Cam (Eng.) An eccentric rotating plate, or a 
projection, or a slotted rotating shaft, used to produce 
some required reciprocating motion of an intermittent 
or irregular character. 

Camaien. (1) The same as Cameo (q.v.) (2) A 
painting or engraving in monotone. 

Camail (Arm-onr, etc.) ( 1) The chain mail armour 
attached to the bascinet helmet, worn during the 
fourteenth and fifteenth centuries. It protected 
the sides of t he head and the neck, and covered the 
shoulders like a tippet. (2) A headdress which was 
worn by priests in winter. 

Camber (Build.) The extent to which a 
boriroutai beam is curved upwards in the centre. 
For cast iron, | in.; wrought iron and steel, ^ in. 
to every 10 ft. of span. Also a general expression for 
the amount of curvature of an arch, etc. 

Camber Arch (Architect.) An arch rising ^ in. 
to every foot of span, and straight on the top. 
In some ca.scs the curvature is entirely omitted ; 
the separate voussoirs then form a straight structure 
which serves instead of a single large stone or beam. 

Cambered (Carp., Build., etc.) Raised in the 
centre: slightly curved or arched. 

Camber Blip (Build.) A mould or template (q.v.) 
used for cutting a camber arch. 

Cambium (Botany). The layer of living formative 
tissue lying between the wood and soft bast of a 
v^cular bundle in a Dicotyledon, The layer which 
gives rise to the cork is termed Cork Cambium or 
Phellogbn. 

Cambrian Byatem (Gcol.) A group of ancient 
rocks, chiefly consisting of marine sediments, which 
wat^ formed after the close of Archsean times and 
before the Ordovician period. The lowest beds are 
nsoally characterised by Tbilobitks (q.v.), allied to 
Olenetlvt, the middle by ParadoxidcK, the upper by 
Ol&nut. These rocks are of great interest as showing 
examples of each group of invertebrate a nima ls, even 
though they lie at or near the base of those which 
yield tnees of life. 


Cambrle. A fine light plain-texture linen material, 
more closely woven than lawn, and chiefly used for 
handkerchiefs. Originally made at Cambray in 
Flanders. 

Cambro-SllurUa Rooka. A name applied by Jukes 
to the rocks now called Obdotioian (y.u.), which lie 
between the true Cambrian Rocks and those of 
Silurian age, and whose included fossils differ 
materially from those of the formations above and 
below. 

Camel HaiP. This material is used for artists’ 
brushes. It is also a trade name for a kind of yam 
composed of wool apd hair, used in the weaving of 
driving belto (q.u.) 

—- ( WooUen Manufac.) The sorted hair of the 
camel usable in the manufacture of yam for weaving 
purposes. 

Gweo, Usually a design in relief, produced .by 
cutting to various depths into a substc^oe which 
consists of thin laminse of different colours. It is 
generally a shell (one of the Gasteropode), but onyx 
is used also, 

Camfiold (Beo.) A popular relief decoration for 
walls and ceilings, made by moulding paper 
materials. 

Camera (Mutic). Secular, as distinguished from 
Chiesa, sacred. Concerto di camera was for per¬ 
formance in a room; Concerto di ehieea for per¬ 
formance in churcli. 

Camera Lueida. An optical device by which a 
virtual image (</.«.) of an object (which may be a 
microscope slide, etc.) is seen on a sheet of white 
paper placed underneath the instrument; the image 
is usually viewed with one eye, so that a pencil can 
be u.sed at the same time to make a drawing of 
the ctbject. The optical effect is usaall> produced 
j by a pri.'.m which cau.ses total internal reflection of 
j the rays jirocecding from the object. When used for 
drawing an object under the microscope,the prism is 
fixed at, or above, the top of the tube, vvth its axis at 
right angles to the axis of the microscope. 

Camera Obsenra. This consists of a convex lens 
fixeti in an aperture in the centre of the wall, or in the 
roof, of a small room from which light is excluded, 
an image of sceneiy outside being thrown by the lens 
on the opposite wall or on to a table standing 
l)eneath the lens. The camera obsenra is merely an 
optical toy or curiosity, on the principle of the 
oirlinary photographic camera. 

Camera, Photographic. See rBOTooBAFHlc 

Camera. 

Cameron’s Sewage System. See Hbptiu Tank 
System. 

Campaign (Jlet.) Tlie period during which the 
lining of a blast furnace can lost. 

Campanes (Her.) Bells suspended to charges. 

Campaniform Capital (ArchUeet.) One of the 
types of capitals used by the Egyptians. Its form 
resembles that of an inverted bell or a fully 
developed lotus flower. See Hathob Headed, 
CLU8TBKED LOTUS, LOTUS, and Palm Capitals. 

Campanile (Architect.) A tower erected for the 
use of bells. • The term is applied especially to the 
detached towers built for this purpose in Italy. A 
notable instance was the Campanile of St. Mark’s, 
Venice, now being rebuilt. 
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Oamphor (CommoB or Jajpui Camplier). A c(d<mr< 
less translucent crystalluie solid; cbaracteiistic 
smell; melts at 175°; 
volatilises even at ordi¬ 
nary temperatures; sp. 
gr. *89; soluble 1 in 700 
water; readily soluble in 
oils, alcohol, etc. Alco¬ 
holic solution is dextro¬ 
rotatory (g.r.) Used in 
medicine. It is obtained 
by distilling wood of 
camphor tree with steam, 
pressing and subliming 
distillate; also by oxi¬ 
dising Borkeo Cam¬ 
phor with nitric acid. 

Yields Cymbne (?.».) when distilled with phosphorus 
pentoxide; boiled with io^ne, yields CARVACROn 
reduction converts it 
into Bomw) camphor; 
oxidation yields chiefly 
Camphoric acid, an 
optically active di- 
basicacid. Artificial 
Camphor (so-called) 
is PiNEXB Hydro¬ 
chloride, C,oIT,.(’l; 
made bypassing hydro¬ 
chloric acid gas into 
well cooled pinene ig-r.) 

It is a white crystalline 
mass with an odour like 
that of camphor; melts 
at 125°, Borneo Camphor (Borneol) is related to 
camphor as shown in the formnlte: 

^CHOH 

Cauii'lior. Horneol. 

Its chief source is a tree, Cinnamiimum camphora 
(order, Lauraceer), growing in Borneo and Sumatra. 
It is a white jjolid melting at 203°, and smelling of 
camphor and peppertniiit Can Iks converted into 
and obtaineil from common camphor. See above, 

Camptonite {Geol.) A name given to one of the 
numerous varieties of Mica Tb.1p (^.r.), which in 
this case has affinities with the Diorites (g.v.) It 
hasamicrogranitio ground mass, ami contains phagio- 
clase and hornblende (g.v.) Much of what used to 
be called Camptonite would now be comprehended 
under the useful general term Porphyrite. 

Camwood. See Dyes and Dyeing. 
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Canada Balsam. A transparent resinous fluid, 
very viscous, and hardening into a clear transparent 
solid, whose refnictive index is about equal to that 
of glass, 1*6.8. It is obtained from the Balsam B'ii 
of North America, Adiex haUamea (jCmtifera). It is 
much used in optics for cementing lenses together, 
mounting microscopic objects, etc. 

Canal {Biology). A hollow cavity or channel for 
the passage of a liquid or a gas through the tissues 
of an organism. 

—- {Civil Bng.) An artificial waterway with 
Locks (g’-o.) for crossing raised ground, and a supply 
of water at its highest levels to compensate for water 
allowed to escape from the locks. 

Canary Crass. Pherlarit eanariemie (order, Sr&- 
minetv). The grass is extensively grown in England, 
and also imported from other countries. The seed is 
used for cage birds. 


Canaiy Wood. See Woods. 

Canmli {Typog.) Pages that have been reprinted 
owing to an error, literary or technical. IJshally 
indicated by an asterisk at the foot of the page. 

Cancer, Tropic vt {Aetron.) See Trofios. 

Candelabrum. A candlestick, generally an oma- 
mental one. A tn-anebed candlestick holding a 
number of candles. 

Candle. Formerly candles were made from 
tallow by repeatedly dipping the wicks, suspended 
from a frame, into a tank of taUow kept in a liquid 
state by heat. Tallow candles are still made, princi¬ 
pally for use in mines and in workshops, a coloured 
thr^d being often introduced into the wick to 
distinguish the works in which they are used and 
to prevent pilfering. Candles are now usually made 
from stearin or paraffin wax (;.».), or a mixture of 
both, by moulding in special frames or machines. 
Ikimetimes small quantities of ozokerite (g-u.), cere- 
sine, and other waxes are employed, Candlemakiug 
machines are mostly arranged in such a manner that 
a continuous supply of candles is produced. The 
wicks are run off from bobbins, passed through 
orifices, and are held exactly in the centre of a scries 
of hollow,cylinders equal in diameter to the candle. 
The molten wax enters the moulds, cold water is 
then admitted into the space surrounding the moulds, 
and quickly cools the wax, and the cancUe is formed. 
The candles are raised out of the moulds by means 
of a lever, the wicks following ready for the next 
moulding. Some machines make a conical cap or 
end to the candle to bold it more firmly in the 
candlestick. The wicks are usually plaited, and are 
treated with a solution of borax and sulphate of 
ammonia, which causes them to burn without 
guttering or leaving an ash. Candles are now made 
in a large variety of shapes and sizes, special mix¬ 
tures of waxes being employed for those intended to 
be used in hut climates. As illuminants candles 
occupy the lowest place, on account of the impurity 
they add to the air during combustion. A caudle of 
standard size yields on combustion nearly half a 
cubic foot <rf carbon dioxide^ and water. See also 
Artificial Illumination. 

Candle Flame. See Flame. 

Candle, Standard. See Standard Candle. 

Cane {Botany). Calaanus —various species (order, 
Palmee). Under the name of cane the stripped 
stems of vjirious slender palms are imported for 
making chair bottoms, Iwr^kets, etc. The term 
Eattan Cane is also employed. 

- {Silk Manufae.) See Warp. 

CanephoruB, Canephora. In ancient (Grecian 
festivals one of tbe maidens who carried on their 
heads the implements of sacrifice, etc. 

Cane Sugar ( (Scot.), 0,jHjjO„(iS<!WJcA<awfl»?). Occurs 
in juice of sugar cane (20 per cent.), of the beet (10 
to 20 per cent.), of the maple and other plants. To 
obtain tb^ sugar the juice is extracted from the oane 
or beet by a process of diffusion. It is then treated 
with milk of lime to separate albumins and nfu. 
tralise acid; with sulphur dioxide to prevent fermen¬ 
tation ; and then decolourised by filtration through 
animal charcoal. After concentration it is eva¬ 
porated in vacuum pans {gv.) till it deposits, on 
cooling, sugar crystals termed Saw Sugar. The 
uncryatallisable syrup is called Molabser The raw 
sugar is refined by what is practically a repetition 
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of the above treatment of the joice. Sugar may be 
obtained from the molasses by a process of diffusion 
or by adding strontia (SrO), which forms a solid with 
the sugar of the molasses, insoluble in cold water. 
This solid (Cj^HgOnSrO) is filtered, washed, pressed, 
suspended in water, and decomposed s^by carbon 
dioxide, giving insolnbld strontium carbonate and a 
solution of sugar wliich can then be crystallised. 
Sugar is a white crystalline solid soluble at the 
ordinaiy temperature in ^ pjirt water; its solution 
is dextrorotatory {q.v.) Sugar melts at 160“; 
allowed to solidify, it forms barley sugar. Heated 
above Its melting iioint it loses water, au;l about 200° 
forms a brown substance called (.'abahbl, whtcli is 
an indefinite mixture of compounds soluble in water, 
precipitated by alcohol, much used in colouring 
sweets, soups, etc. Cane sugar has no reducing 
properties (//. Maltosb and JiACTOSK). Dilute acid.<a 
“invert ’’ it— i£. change it to a mixture of Dextbosk 
and Lauvulosb {q.v.) by addition of water, C,„HgjO,, 
+ HjO s= C,|lli 50 „ CgHjjOj. This mixture is lasi-o- 
rotatory, hence the term *• invensiim.” Yeast first 
inverts cane sugar and then ferments the dextni.se 
and Imvulose, forming chiefly alcohol and carbon 
dioxide. Cane sugar yields an acetate with acetic 
anhydride; a nitrate with nitric acid. Heated with 
excess of nitric acid, it gives oxalic acid. 

Oannel CoaL See Coai.. 

Canneta {Her.) Ducks without feet or beaks. 

Cannoil {Eng.) In engineering, a hollow sliaft 
through which ].msses another shaH, which has some 
motion independent of that of the cannon. 

Cannon Pinion {Watehviaking). The pinioti to 
which the minute hand of a watch is fixed. 

Canon {Art, Scie?ice, eio.) Denotes rule or law'. 
It is applied to any art or science tliat is governed 
by fixed laws. The laws of the Church are called 
CSBONB. 

- {Mveic). A composition in which the 

strictest imitation of the opening pa&sage or pattern 
is maintained at various intervals, and may bo in two, 
three, four, or any greater number of pjirts. lu 
some cases all the voices take part in Capon, as in the 
well known grace, BthTs “Non nobis Domino”; in 
other cases only a part of the voices are in Canon, 
whilst the accompanying parU are free, as in Tallis’s 
Hymn-Canon “ Glory to Thee, my God.” The study 
of Canon is especially useful to the student for Fugal 
writing. Canons are “ infinite ” when they lead 
back to the beginning, and “ finite ’ when ending 
either naturally or by moans of a Coda. 

- {Typog.) One of the largest kinds of type. 

SeeTYVZ. 

Canopic yaie or Canopus (Arehatol.) A vase used 
by the Egyptians for preserving the viscera of the 
dead.. 

Canopy {Architect., etc.) An ornamental roof ur 
covering over niches, etc., used in Gothic architecture. 
A covering or banging suspended over a person or 
object. iSss BAUdachino and Tabkbnaci.e. 

Cant {Carp., etc.) (1) An obtuse angle. (2) A 
slope, tilt) or inclination, 

Cantabile, Gantando {Mmic). In a singing 
manner. 

Cant Bsick {JSaiM.) A brick cut on the splay— 
i,e. at any angle other than a right angle. 

Cantharidos (Eool.) Cantharis veeicatoria (order, 
Qtleojtiera). The dried beetle (“ Spani.s h blister fly ”) 
is asm in medicine as a blistering agent. 


Cantharos {Pot.) A Grecian two-handled drink¬ 
ing vessel vap'ing in form and dimensions. Bacchus, 
the god of wine, generally is represented with one.. 

Cantilever {Civil JEng.) A projecting beam or 
girder, suijporfed at one end only; it is usually built 
into a wall or other structure. 

Cantilever Bridge {CivU Eng.) A bridge con* 
structed of two or more Caktilevebs which 
meet in the centre of the span, but do not depend ou 
each other for support. The Forth Bridge, Edin¬ 
burgh, is the finest example of a cantilever oridge in 
the world. 

Canting {Eng.) lilting or causing a slope. 

Canting Arms ( Her.) Allusive armorial bearings; 
also called a Bebvs. 

Canto Fermo {Music). Fixed song or melody; 
that meloily to wliich other melodies are added in 
counterpoint. 

Canton {Her.) A division of the shield, and one 
of the honourable ordinaries. It is placed in a 
corner of the shield, and its size is one-third of 
the chief. 

« 

Cantoned {ArchvleM.) A term applied to a build¬ 
ing or pior which lias its angles emphasised by means 
of pilasters, columns, or rustic work. 

- {Tier.) A saltire, or cross, placed between 

four cliarge.s i.s sai<l to be cantoned. It also* 
denotes a single charge placed in the first quarter 
of the sliield. 

Canton’s niosphoms {(Them.) See GALCiiTM 
SuLBHiDE, uwlcr Calcium Compousds. 

Cantoris {Mtmc). That side of a oiioLr on which 
tlie cantor, or chanter, sits. The opposite side to 
Decani. It is the loft side, looking east. 

Canvas Wall Hangings (7>e.) A plain canvas 
materi.il hju ing a sjjeeiaUy prepared surface formed 
by rolling the fabric, and an adhesive backing to 
facilitate hjinging on walks. Bublap, CbasU, and 
Kaubikona are the be.st knowm varieties. Made in 
various coloui's, and often n.scd witjj, a ste.nciLled 
frieze done in bright colouis upon the fabric. 

Caoutchouc. I'he South American name for the 
coagulated milky sar id several plants of trojiieal 
origin belonging to the order Euph(trbiacem. Thera 
are over fifty varietie.s of Caoutchouc which may be 
rouglily clashed in order of importance as African, 
South and Centra] American, Asiatic and Oceanic. 
It is an elastic gummy tenacious siibstanca Being 
impervious to the action of water and atmosphere, 
and largely so to acids and alkalis, it is used in many 
arts and nuiiiufacturc.s. Originally used for erasing 
fienoil marks, it is now very extensively employed 
induijtrially. The material is obtained by cutting 
incisions in the trunk and collecting the juioe ; it is 
dried by careful exposure in thin layers to the boat 
of a smoky flame. When pure it has the formula 
(CiH,,)rff; on distillation it yields ISOPBENE, CjH, ; 
undergoes oxidation on exposure to moist air in 
presence of light; heated above 120° it softens, and 
does not again become hard. It is soluble in benzene 
and its homologne.s toluene and xylene, in turpentine, 
petroleum spiiit, carbon disulphide, chloroform, etc. 
Treated with chloride of sulxfiiur or with certain 
metallic sulphides and sulphur {e,g. antimony penta- 
siilphide, Sb^j), part of its hydrogen is replsuied by 
siilphnr, and the product is Vulcanised Rubbeb, 
Vulcanised rubber deteriorates from slow oxidatitm, 
the rubber becoming brittle, owing to formation of 
resinous substances. See Rubber. 
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Ca|p (JSi/id.) An envelope of paper to protect the 
edgt'M of a book while being bonnd. 

—— {HuUd.) The coping stone on the top of a 
shaft or pier. See alto CAPITAL, 

- {Carjf. and Join.) The turned end of a 

haudrail that is fixed on top of a Nbwbl iq.v.) 

{MiQ-') A general term in engineering for a 
cover, or the loose upper part of an object— e.g. the 
np^u^r part of a plummet block or shaft bearing, 
whifh holds the brasses in position. 

- {Qaefitting, etc.) A tubular cover with a 

female thre^ to stop the end a gJis or water pipe, 

- {Mining), llwsk, coveiing the ore in a vein. 

Capacity, Electrical. The quantity of electricity 
required to charge a conductor up to unit potential 
{q.o .); or, in other words, the ratio of the charge on 
a conductor to its potential. 

Cap-a-Pie (Ami.., Her.) Completely armed, from 
bead to foot. 


Ciq^aritoa (Am.,/’to.) (J) The defensive armom- 
whioh was used for horses. (2) An ormimentcd cloth 
for covering a saddle: also the housings or trappings 
covering a horse, especially on Ktatc occasions. 

Capers (Bntwng). The capers of commerce are 
the fi )wer buds oi Cajtjturist ajiiniim (order, (lappari- 
danete). The plant grows in Southern Europe. 


Capillarity. The su)'face of p, liquid V>ehaves as if 
it consisted of a thin film, capable of being stretched 
to an infinite extent, b\it always exerting the same 
tensile for<;e across each centimetre. This force is 
callc/l SuKKACE Tension : its value varies with 
"different liquids: for water it is 81 dynes per centi- 
metre, if.the water is clean and in eonfcict with 
air. If a solid which is not wetted by any given 
liquid is lai<l upon it, the cxisT.cnce of tliis film 
iHJcomes apparent; for exaiujdc, a piece of iron 
laid npou mercury .shows clearly the kind of hollow 
which would be produced by an object lying on a 
.slightly Btret*l)ed m<jinl>raiie, and the sairic thing 
can even be seen if a needle with a slightly greasy 
surface be laid upon water, when it will remain 
held up above the. surface, which can bo seen to 
curve down under it. If a tube be pushed down into 
a liquid, one of two things will occur. If the liquid 
docs not wet the tal>e, as in the case of a glass tube 
plunged into mercury, the level of the liquid inside 
will be lower than the level outside. This is termed 
Oapillabt DEPRBS.S10S. The greater the diameter 
of the tube, the loss the depression. This is much 
the same result as would obtain 
if we pressed a similar tnbe 
down on a stretched elastic 
membrane. The analogy, how¬ 
ever, is not completely trn<', as 
the hydrostatic pressure of the 
liquid* has to be taken into ac¬ 
count. Tlie effect of this is 
shown in fig. 1. A is the level 
of the liquid outside the tube, 
and B the level inside. At the 
level B there is a hydrostatic 
pressure upward, due to the 
column of liquid of height ab. 

In the absence of any tension 
of the film on the surface the liquid at b would rise 
to the height A, and become equal inside and outside. 
But as the tension is present, the liquid inside rises 
to such a height that the upward pressure is just 
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balanced by the downward form due to tile t^rion 
of the surface. In fig. 2 is shown the case of a talbe 
immersed in a liquid which wets 
its surface. In this case the 
liquid tries to spread itself out 
over the greatest possible amount 
of surface of the tube, and this 
results in an upward force at AA, 
which draws a column of liquid 
of height AB up the tube. The 
upward force due to surface ten¬ 
sion is exactly coirnter-balanced 
by the downward force due to 
the weight of a column of liquid 
AB. If r is the radius of the 
tube, then its circumference is 
2rr ; if T represent the tension 
across 1 cm., then the total tension at aa is 2irrT, 
as it exists right round the circumference of the 
tube. The weight of the liquid column is equal 
to its volume multiplied by its density—that is, 
irr*hpg. We thus get tho following equation: 

2vrT = irf^hpg 

therefore T « 

2*rr 

. = h^iipg 

From this we can calculate the amount of the sur&ce 
tension, as all the quantities on the right Itand side 
are easily ob.served. It is also evident from the 
equation that the product rh is constant; therefore 
the diameter of the tube and the height of the column 
.are in inverse proportion— i.c. the narrower the tube 
1 he higher the column of liquid which rises in jt. 

Gapillary (Zoology). Minute thin-walled blood- 
\v's.m*Ts winch ramify in groat numbers through the 
tissues. 


C|ppUlary Electrometer (Elect.) A form of 
electrometer (a’.r.) depending on an alteration pro- 
duc‘ed by a change in potential in the surface tension 
between mercuiy and dilute sulphuric acid. It is 
chiefly of scientific interest, and is rarely used in 
practifc. 

Capital (Architect.) The uppermost member of 
a column or pilaster between the shaft and the 
feature supporteil.. When one feature crowns 
another the former is sometimes reforretl to as the 
capital of the latter. e.g. Capital of Qutt® (q.v.) 
See Abciiitecture, Obders op : Column : Dobic, 

etr. 


Capital Letters (Tyjwg.) See Caps. 

Capital of Guttse (Architect.) The fillet between 
the guttm aud the tenia in a Doric entablature. The 
depth of this fillet is much smaller in Boman than 
in Creek examples. See Gutt.® : Teigltph : Abcbi- 
TECTURE, OBOBRS OP, and ENT/VBLATUBE. 

Capital of Triglyph (Architect.) The fillet im¬ 
mediately above and projecting over the triglyph in 
a Doric frieze. The projection of the capital beyond 
tho triglvph is smaller in Greek than in Boman 
examples. See Triglyph : Abchitbotubb, Orders 
OF, and Entablature. 

Capitulum (Botany). A compact fonn of infior- 
esoence simulating a single flower. The “head” 
consists of a shortened axis (fiat, convex, or concave) 
bearing many stalkless flowers (florets). The oapi- 
tnlum is invested by a number of scaly bracts. 

Cap of Maintenaoce or Digntte (Coet.) A ca.p 
borne before the sovereigns of England at their 
coronation as one of the insignia of office. Such a 
cap is also borne before the mayors of certain cities. 
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of Haiatenanoe or Olgatty {Her.') A cap 
need iastead of a wreath to plaoe a crest upon. 
Bometimes borne as a charge. 

Cappagh'Brown (Hee.) Manganese brown : a 
pigment manufactured from bitnminons earth, 
coloured by oxide of manganese and iron. 

Oappiag {Carp, artd Join.) Tlie moulding on the 
top edge of a screen, the strings of stairs, etc. 

- {Eng.) The Shboudiko {q.r.) of gearing. 

CapriociOBO (ilfun'o). In a capricious manner. 

Caprioes (Art). Drawings or engravings, extrava¬ 
gant and fanciful in composition, such as those of 
Goya. 

Capricorn, Tropic of. See Tbopics. 

Capoic Acid {Ckem,.) CH,. (CH^),. COOH. A 
liquid boiling at 205°; it occurs combined with 
glycerine in butter; is a decomposition product of 
albumin; its amide is Lbucisb { q . v .) 

Gaps {Tgpog.) An abbreviation of the worti 
“ Capitals,” usually indicatei. by three lines beneath 
the letters to be so printed, thus 7- Small caps 
are indicated by two lines '.rz:,. 

Capsicum {Botany). Capsicum minimum (order, 
Solanaeea). The dried ripe fruit.s form the well- 
known Chillies, and when ground form Catbknk 
Teppeb. 

Cap Spinning {Woollen Hanufac.) lii the cap 
spinning frame each spindle is mounted with a metal 
cap, and the threads whirl round the rim as thej 
pass on to tlie bobbin. 

Capstan {Eng.) A vertical rotating cylinder on 
which a rope is wound. The name often includes 
the machinery or engine by which the capstan is 
driven, as in the steam capstan of modern ships.. 

Capstan Headed Screw {Eng.) A screw with a 
large bead, through which arc drilled transverse 
holes, into W'hich a small lever, or ‘'tommy,” is 
inserted to turn the screw. 

Capstan Lathe {Eng.) A lathe with a rotating 
tool holder on the slitle Te.st, by wliicli variou-s tools 
can be brought into action on the work in succession. 
Jt is also torme<I a Tubbbt Lathe. 

Capsule {Botany). A cLiss of fruit that ojiens 
by means of valves, pores, or slits to set free the 
numerous seeds. 

Caraguata Fibre ( Botany). Eryngium pandani- 
folium (order, Umhelliferte). A fibre from the leaves 
is used under the trade name of Caraguata. 

Caramel. Si‘e Cakb Sctciab. 

Carapace* The hard outer shell or oxo-.skoleton 
of certain animals; e.g. tlie shell of the tortoise. 

Carat. (1) The standan.1 of weight used by jewellers 
" in weighing diamonds and other precious stones.. It 
is equal to about of an ounce troy, or grains. 
It is divided into 4 “ carat grains." (2) 'Die standard 
of fineness of gold. Pure gold is said to be ‘'24 
carat.” STAN0AKD GoLU is “ 22 carat "—i.c. 24 
parts by weight of the alloy contain 22 parts of pure 
gold. Bimilariy, 18 carat gold contains 18 jiarts of 
gold out of 24 parts by weight of the alloy, and so on 
for 16 carat, 12 carat, etc. 

Caraway {Botany).. Carwm earui (order, l/mheU 
lifetes). The so-called “seeds” arc the mericarps 
(ff.r.) or half fruits; they yield on distillation oil 
of caraway. 


Carbamide {Chem.) The systematic name for 
Ubea (j.r.); the name arises from urea bdng 
diamide of carbonic acid. 

0C<°H 

Carbonic acid. Carbamida. 


Carbasole {Cliem.) 


C,H. <>C,H 
(1:2) NH (1:2) 


Occurs in coal tar, and thus in crude anthracene; 
forms colourless plates, melting at 238°; readily 
.sublimes. Is a feeble base like pyrrol, and also gives 
the pine-shaving reaction (y.r.). Nitric or nitrous 
acids give a blue colour to its solution in sulphuric 
acid. • 


Carbazotio Acid (Chem.) Picbic Acip (^.r.) 

Carbides {Chem.) Compounds formed by the 
union of carbon and a metal, directly or indirectly. 
Some of the important carbides are Calcium Oab- 
bidb, CaC._, obtained pure in golden yellow opaque 
crystals by heating pure lime and sugar*cliarcoal in 
the electric furnace. The crude product is obtained 
from limestone and coal or coke. With water it 
gives acetylene (j/.i>.) Barium and strontium form 
similar compounds. Alumisicm Cabbidk, CjAl,; 
yellow tr.'inspjirent cry.stals obtained l)y heating 
eaibon and alumiuium, or .calcium carbide and alu¬ 
minium, ill the electric furnace; it i.s docoinpo.sed by 
water, giving metbanc. CH,. Ibok Cabbidb, Fe.C, 
has been obtained by electroh.sis from steel; also 
in brilliant white crjstals from Bwudisli iron by 
lieating in a carbon crui'ible in the electric furnace, 
and subsequent purification of the produ't. Its 
formation and decomposition probably play an 
important part in tlie tenipeiing of steel. 

Carbine or Carabine {Arms), A firearm which 
came into use in tlic sir' rh century. ‘It had a 
w hccl-lock, and wide bor was shorter than the 

ordinary hand gun. Generally u«*d by cavalry. 

Carbinol ( Chem.) A name given to metbyl alcohol 
in a .system of nomenclature wliicli names more 
complex aicolioK as derivative.s of methvl alcohol, 

H 

the simple.st ^wssible alcohol. Thus, H—C—OII is 


H 


U 


methyl alcohol, and CH,—C—OfT would be called 


CjHj 

methyl ethyl carbinol. 

Carbohydrates {Chem.) Tlie carboiiydratos are 
naturally occurring compounds containing six or u 
multiple of six carbon atoms, combined with hydro¬ 
gen and oxygen, the proportions of these la.st two 
elements being the same as in water. Carbohydratc.s 
containing six carbon atoms arc called Mososkh or 
Monosacchabiues —examples are dextrose, Ismu- 
lose, galaoto.se; those containing twelve carbon atoms 
are called Btoskm or Dlsac'chahides— example.s are 
cane sugar, lactose, maltose; those containing (C,)n 
are called PoLYOsisaor Polysaochaeiheb— examples 
are starch and cellulose. The functions of carbo¬ 
hydrates in the animal system are the production of 
heat and energy. They are also a source of fat. 

CturboUc Acid or PhenoL A powerful antiseptic, 
obtained from coal tar by distillation. It constitutes 
a great part of the tarry fluids on the market wliioh 
are used for disinfecting purposes. The “carbolic 
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acid " pawden and soaps are preparations containing 
tbe acid. Great care is necessary when using the 
acid, owing to it being so violent a poison. In 
chemical language it is termed Fhekol (y.v.) 

Carbon (Chem.),C. Atomic weight, 12. An element 
met with in three allotropic forms—eir. Diamond 
(y.e,), GBAFHITB (ff.V.), AMOBFHOUB Caubon. Chab- 
COAL is one form of amorphous carbon, but it is not 
pure carbon; it contains ash and occluded gases. 
Lamp Duick is another impure form, containing oil. 
Bone black or animal charcoal is another impure 
form (»ee Bokb Black). Coke is another form con¬ 
taining the ash of tlio coal from which it was made. 
I’uro amorphous carbon can bfi obtained by heating 
cane sugar out of air, then passing chlorine over the 
strongly heated residue, and allowing to cool in as 
good a vacuum as possible. The ainorphons forms 
of carbon absorb gases, and take up colouring matter 
from many coloured solutions; they are powerful 
reducing agents—hence the use of coke in many 
metallurgical operations. Carbon is insoluble in all 
solvents, and is infusible; a*" tlie tcniperafure of tlie 
electiic arc tho amorphous forms pass into graphite. 

Carbonaceous Rocks (ffcol.) Strata into whose 
oomjtosition carbonaceous matter of any kind enters. 
Besides the numerous varieties of coal may be 
mentioned Oil Shalk. Black Band Ibonstone, 
and even Gkaphite Schist. 

Carbonado (J/in.) A very liard native form <»f 
tsarijon from Bra'/.il. It is as Jiard as diamond. 
Used for tniing-up emery wheels. 

Carbonates (f'///■»«.) The salts of carbonic acid. 
/St:t Oahbon Dioxr As carbonic acid is flibasic, 
it gives rise to twt -es of .salts—the nfjrmal and 
acid carbonates (also oaiK.d IUoaubonatbs) Thus: 

O = == Na„Ci»j, normal sodium carbonate; 

O — = KalK'O acid sodicm carbonate or 

* sorlium bicarbonate. 

The carbona^sof sodium, ^)otas,sium. a ml aiumonium 
are soluble in water; the other normal cailsjnates 
are insoluble in water. Acid carbonates are soluble 
in water, ttodlurn and potassium normal carbonates 
are not decomposed on heating; llicymelt. Barium 
eaibonate is docomimsed witli (lifficulty Iw heat; the 
remaining carbonates niore or le.ss readily, IMauy 
Carbonate’S <;i’cur naturally. iSre Chalk, Makbi.e, 
WiTHKKITE, StBONTIANITH, SPATHIC lltON OEE, 
CEnUS-SITK. tl.VLAMlSE, DOLOMITE. >1ACNESITK, 
RHODOCBOHITK, 

Carbon Black called flag Black). A valu¬ 
able series of pigments ma<le principally from 
natural gas at Tittsbuig and elsewhere in tho 
United States. They are very fine, intensely black, 
and are used largely in the manufacture of printing 
inks, paints, etc. 

Carbon Corea (^Mouldinff). Cores (q.v.) of carbon 
are sometimes used in a mould where very heavy 
pressures are produced by the fluid metal during 
casting. 

Carbon Dioxide or Carbonic Acid Gaa {Chem.') 
COj. A colourless heavy ga.-< having slight smell: 
water dissolves its own volume of the gas at ordinary 
temperature and pressure. Only substances witli 
an extremely powerful affinity for oxygen, such as 
potassium and magnesium, can bum in tlie gas ; for 
similar reasons, tiiongh it contains nearly 73 per 
cent, of oxygen, animals are asphyxiated in it. It 


is liquefied at the ordinary tempemture under a 
pressure of 53 atmospheres, and liquid carbon 
dioxide is now used in icemaking, abiated frater 
manufacture, etc. The gas is a product of com¬ 
bustion and respiration Atmosphbbb), also of 
processes of fermentation and decay. It may be 
obtained by the action of an acid on a carbonate— 
<•.§. hydrochloric acid and marble. When carbon 
dioxide is dissolved in water, part of the gas cum- 
bines with the water to form the weak and unstable 

acid, carbonic acid, 0=C=»0-i-Hj0 = 0=«>C^Qg’ 

Obthocabbokic Acid would have the formula 
C(OH)^; it has not been prepared, but its organic salts 
are know'n — e.g. ethyl ortbooarbonate, C(OOjH 5 )^. 

Carbon Dioxide In Air {Hygiene). The amount 
of this gas i>^usent in air averages about 4 parts in 
10,000 part.s of air. Its presence is due to respira¬ 
tion, artificial illumination, combustion, and manu¬ 
facturing pruces.ses. fiveiy individual exhales, 
while at rest, 0‘fi of a cubic foot per hour. This 
amount increases from 0'9 during light work to 
1*8 of a cubic foot during Iiard work. It is found 
I that there is always a coD.stant ratio between the 
{ quantity of carbon dioxide and other impurities 
present in the air. In estimating the purity of air, 
I the aiiiofint of carbon dioxide is determined, since it 
furnislies a convenient index of genenal contamina¬ 
tion. 'J he action of plants on this gas is interesting. 
Every plant which contains chlorophyll has the power, 
under the influence of sunlight, of splitting up the 
gas into its component parts—namely, carbon and 
oxygen. The plant retains tho carbon for its own 
use in tissue building, and liberate.s the oxygen. 

Carbon Disulphide or Bisulphide iChew.\ 

A colourless highly refracting liquid, having pleasant 
smell when perfectly pure, but ordinarily smelling 
like rotten cabbages. Boils at 4ti'’; its vapour is 
very inliarnmable; iu.soluble in water. Laigoly u.sed 
as a solvent for mnny organic substances, .such as 
fat.s, oils, iiidiarubber, etc.; al-so reiidily dissolves 
sulphur and iodine. It is prepared by jiassing the 
vapour of sulphur over .strongly heated carbon. It 
is the sulphur analogue of carbon dioxide; with 
alkalis it forms sulphocarbonates, analogous 

to the carbonates 

Carbon Filters. See Animal Chabcoal. 

Carbonic Acid. Atlne Caubun Dioxide. 

Carbonic Oxide. Cabbon Monoxide {q.v.) 

Carboniferous Rocks. See Coal. 

Carboniferous System {Oenl.') The group of 
strata which .succeeds the U))per Old Red Sandstone 
(or its chronological equivalent) ami lies beneath the 
b.a.<M} of the Lower New Red. It is so called because 
in Britain it affords coal seams of commercial value. 
It is primarily divided into an Upper and Lower 
sulklivision, in both of which occur workable 
coals. Along with the Devonian Rocks and their 
equivalent, the Old Red Sandstones, it constitutes 
the Deutebozoic Rocks. 

Carbon in Food (Hygiene). It is calculated that 
while doing a moderate diiy’.s work a man will 
eliminate from the lung-s as carbon dioxide, from 
240 to 200 grammes of carhwm. Othev waste pro¬ 
ducts, such as nitrogen, etc., are also eUminated i^m 
the body. To replace this loss, it is necessary to 
arrange a proper dietary. The proportion of carbon 
to nitrogen should be 16 to 1. See alto FOODS, 
under SANITATION. 
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CarboniMtlon or Cubniffiatton (1) The amount 
of carbon present in iron. It varies from a mere trace 
to very considemble amounts. See Iron, Ktebl, etc. 
(2) The destmctive distillation of organic matter 
(e^, coal in gas manufacture). 

Carbon Mmozlde or Carbonic Oxide (CAem.), 
CO. A colourless gas having the same density as 
nitrogen; very slightly soluble in water. It is In¬ 
tensely poisonons, and, having no smell, is therefore 
a dangerous gas. It owes its poisonons action to its 
power of'forming a more stable compound than 
oxygen does with the haemoglobin of the blood, and 
thus causing asphyxia. It bums in oxygen with a 
blue flame, forming carbon dioxide. It is a reducing 
agent Cff-*-) Unites with some metals, e.ff. finely 
<uvidod nickel, on heating, to form carbonyls, e.ff. 
nioke|> carbonyl, Ni(COX. It is produced whenever 
carbon is burnt in a restricted supply of oxygen; 
also on heating formic acid with sulphuric acid: 
oxalic acid wdth sulphuiic acid tin this case equal | 
volumes of this gas and carbon dioxiile): potassium | 
feirocyanide with sulphuric ai-id. It may often be : 
seen burning at the top of a bright fire, being formed 
from carbon dioxide produced daring the combustion 
by union of the heated carbon dioxide and carbon, 
CQj( -H 0 =« 2CO. llie presence of 0 6 per cent, of 
this gas in air which is being inhaled produces 
poisonons .symptoms, and 1 per cent, is ra])idly fatal. 
Carbonic oxide is one of the constituents of coal gas 
(from 5‘5 to 7 per cent.), and wotild therefore find 
its way into the air during leakage. Water gas (y. r.) 
also contains a large proportion of carbonic oxide, 
and as it has little or no smell, tl>c use of water gas 
requires the exercise of great vigilance in preventing 
leakage, which is much less readily detected than in 
the case of coal gas. 

Carbon Oxychloride (dcm.) See Cabbonyi. 
Chlobide. 

Carbon Printing (Pkotu.) Paper is coated wiil^ 
gelatine containing potassium dichromate. When 
acted on by light, this becomes insoluble; while paris 
unacted on remain soluble, and may be washed away. 
By impregnating the gelatine with some suitable 
colouring matter a very fine permanent print can 
be made. 

Carbonyl {CJwm.') This name is given to the 
group—CO—when in combination. 

Carbonyl Chloride, Phosgene Oa^ or Carbon 
Oxychloride {Cftem.'y A pungent-smelling gas easily 
condensed to a liquid boiling at 8°. It is obtained 
by union of equal volumes of carbon monoxide and 
oUorine in sunlight, and by oxidation of chlorofonii 
(g.v.y It is decomposed by water, COCl^ + 11,0 = 
OO, + 2HC1, Used as a resigcnt in organic 
chemistry. Thus with ammonia it gives urea; with 
zinc alkyls it gives ketones (y.e.); with benzene and 
slumioinm chloride it gives diphenylketone. The 
-Cl 

graphic formula is • 

CariKHnutdam. A filicide of Carbon, SiC, used 
as an abrasive, harder than emery (which it resem¬ 
bles). Used also as an infusible coating for furnaces, 
etc. First manufactured by Acheson, at Niagara, 

Carboxylic loidi (67(«m.) The presence of the 
grbop carboxyl,-Cv^Qg, in an organic compound 

confers acid properties upon the compound; hence 
compounds containing this' group are called car¬ 
boxylic acids. Organic acids are known which do 
act contaan this group, e.g. uric acid, picric add. 


Carbuncle (Min,} Bed Garnet out en eaiocltoji. 
See CabochoN. 

Carbuimtter (Motor Curs, Oil Bn/giMi). The 
apparatus for turning oil into gas in petrol or other 
oil engines. The two main' forms are Bpbat and 
Bubfacb Carburetters. In the former a fine jet of 
oil is sprayed into a hot cltamber, the supply being 
governed by a needle valve actuated by a boUow 
float, which rises and closes the valve when the 
supply of oil is too great. In surface carburetters 
a current of air is caused to bubble through the oil 
in a tank, producing evaporation at the surface of 
the oil and causing a mixture of air and explosive 
vapour to collect in i&ie upper part of the tank. In 
both forms a further regulated supply of air can be 
caused to mix with the vaponr produced in the 
carburetter, in order to obtain the exploaive mixtujre 
which protluccs the greatest effect in the cylinder. 

Carbylamines. Another name for the Ibocyan- 

IDKS (</.r.) , 

Carcanet (Cod:} A collar or neddace usually set 
with jewels. 

Carcass ( Carp, atid Jmi.} (1) The structural part 
of a building— i.e. walls, naked floors, partition.s, and 
roof. (2) The shell or outer part of any piece of 
joiner’s or cabinetmaker's work. 

Csirchesium (Pot.} A beaker or cup used by the 
Greeks. It was slightly contracted in the middle, and 
had two handles extending from the base to the rim. 

Cardamoms (Mot.} Mlettaria cardaviomuw (order, 
Xinffiberaocm). ll.c dried seeds are used in pliar- 
maoy and as’a oondiineut. 

Card Clothing Sj/i/tniur/}, A general term 

applieil to the wire lilloting on the cylinders, doffeis, 
flats, or rollers of a canling engine. There are 
several gauges to suit Indian, American, or i^gyptian 
cotton, 

■—- (Woollen Manufae.} Htrips of leather or 
other .suitable foundation into which wire teeth are 
inserted. The fineness of clothing— i.f. number of 
points per square inch- -x'iiries }U5cordin(,j to the posi- 
tion of the roller to which it is nailed in tlie carding 
machine, increasing towards the delivery end. 

Carded Yarns (Cottm Spbmintj}. Yaru.s which 
ha\ e (,nly been carvied. Not .so valuable or so strong 
as COMBEli Yabxs (y.r.} 

Cardew Voltmeter (Elect..) See Yoltisbtbbs. 

Cardinal Planes of Lenses (Mij/ht). These are 
the Tbihoipae, Focal, and Kymsibtbio Tlakbs 
(fj.r.) 

Cardinal Points (Astron.) The N., H., £., and W. 
points of the horizon. The N. and B. points oro the 
]<oints at w'hich ttie merirlian iq.v.} intersects the 
horizon (q.e.) 

Cardinal Points of Lenses (Light), In dealing 
with thick lenses, or sv stems of lenses, the calcnla- 
tions are much simplified by the use of a system 
of x^oints on the axis of the lens, termed the 
CABDINAL I’OIKTS. Sec I'BINCIP'AL I'OINTB, I’BINOI- 

PAL Font, Symmetbic I’oints, and Nodal Foists. 

Carding (Cdton Splnivi/ng}. A most important 
process, being the final stage at which cotton is 
cleaned for ordinary cotton yams. A badly carded 
cotton will produce an inferior spun thread. Three 
types of cjirders are in use, m.: (1) Bcvolving 
Flats; (2) ‘Wellman’s Stationary Flats; ^ (3) Boiler 
and Clearer Carder. The first is the English system; 
the second and third the Americau. The third is fur 
coarse and waste spinning. ^ 
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Cai;4^ Mamfae.') In linen manniaoture 

the flax is not carded as cotton is, bat is booklcd or 
combed. This takes out all tbo short fibres. The 
waste is called Tow, and is carded and span, 
making a oovse description of yam. 

- (^Textile Fahrieg'), In general, the operation 

of separating and reblending textile fibres. 

Carding Engine {Textile Manvfac.) A machine 
consisting of several large cylinders and small 
rollers covered with card clothing (e.v.) The large 
cylinders, termed SwiSTS, convey the material for- 
warth The medium rollers, or DoFyEBS, remove 
it from the swifts. The small rollers, termed 
WOBKEBS and Btbippebs, ^parate the felted 
meshes of fibres and also assist in reblending 
them in conjunction with the swifts. 

Card Lacing {Lace Manvfac.) The operation of 
attaching theJacquarfl canls {q.v.) to each other in 
the order necessary to produce the required j>attern. 

Card Nlppem {Lace Matmfac.') A hand pnnch 
for vise in correcting mistakes or making alterations 
in tlie caKls. 

%ard Pnnober {Laee Manv/ac.') The person who 
punches the holes necessary in the Jacquard cards to 
enable the pattern to be produced in macbine.made 
lace. 

Cards {Lace Manvfae., etc.) S(e Jacquakd 
C.&BD$. 

Card Wire (i?«f •) A brush of fine steel wire, used 
by filters for cleaning out file teetli. 

Carmagnole (fogi.) The dress affected by the 
Jacobins during the French Revolution of 17'^9. 
It consisted of a red c.ap, blouse, and a girdle of 
blue, white, an<l red. 

Carmine {Dee.) A beautiful bright red })igment 
niiide by precipitating colouring matter obtainod from 
Cochineal (<?.r.), with a base such as alumina, li 
wfirks well in oil and water, but soon fades on 
exposure to light. Tlie colouring matter is 
Cabmikic ACiiP, a complex oigauic compvuind. 

Camallite {Min.') A chloride of magnesium 
and potassium, MgCJ,. K(,'l . (>11„0 ; Magnesium 
chloride = 34'2, potasslura chloride = water 

= :i8'92. Massive, usually pinkish from impurities 
of ferric oxide. It is very deliquescent aud strongly 
phosphorescent. It occurs in considerable quantity 
at Stassfurt in Saxony, where it is largely worked. 
It is used in glass manufacture, etc., .as a source of 
potassium. 

Carnation {Pumt.) The various tones of pink 
used in painting flesh. It al.'O signifies those parts 
of the body that are drawn naked. 

Camanba Wax. The wax deposited upon the 
leaves of the Wax Palm {('opernieia cerifera), 
indigenous to Brazil. The crude wax is obtained by 
boiling the leaves; it is of a dirty yellowish colour, 
very hard and brittle, being readily reduced, by 
pressure, to powder. Used in admixture with the 
softer waxes, snob as parafiSn, for making candles aud 
wax polishes (sr.c.) 

Camelian (Min.) A red translucent Chalcedony 
( q.v.), used largely for beads and seals. When 
found, the colour of the masses is very dark, but 
much of the colour is discharged on .roasting. 

OumofM Cycle {Heat). The set of operations in 
a theotcUoally perfect Heat Engine {q.v.) The 
working subst^ce in the cylinder goes through the 


four following prooesses in succession; 1(1) Adiabatic 
Compression, (2) Isothermal Expansion, (8) Adiabatiq 
Expansion, (4) Isothermal Oppression. If >4iheBe 
conditions co^d be realised in a steam or gas 
engine, the highest possible efficiency would be 
attained. See INDIOATOBS and IndicaTOB DIA* 
GBAMS. 

Carpentry. The ait of oonstmeting and erecting 
the structural woodwork of a building, i.e. beams, 
joists, partitions, roofs, etc., as distinguished from 
JoiKEBY, w'hioh deals with the smaller and more 
finished parts, such as doors, windows, and staircases. 
As car^nters’ work requires to be very strong 
and reliable, it should always be constructed on 
thoroughly scientific principles, and it is therefore 
erroneous to describe it as “ rough " woodwork. 

Caipentiim {Arehsol.) An antique two-wheeled 
carnage, protected by an awning and curtains. Used 
by Roman ladies at festal processions. Carpenta 
were also used by the Gauls and Britons. 

Carpet. Woven or felt floor covering. Woven 
carpet.s are of two great types: (1) An ordinary 
woven fabric, e.q. Scotch or Kidder carpets; (2) 
Pile woven faPes, e.q. Brussels, Axminster, 
Persian, Smyrna, etc. 

Can>a|een Mom {Botany). Clumdrm erigpnt 
(class, Jt.hodophycffe). This red seaweed is used 
in the preparation of a nutritive jelly. 

CaFFara Marble. A metamorphosed limestone of 
sedimentary origin. is of exceptional puiity and 
uniformity of composition. Usually regarded as a 
member of the Trias (tf.n) It is chiefly obtaintid 
from the quarries at Carrara, in Italy, and is much 
used for sculpture. 

Carriage {Carp, and Join.) The rough inclined 
timber supporting the stejis of wooden stairs. 

- {Lace Manufae.) A thin flat piece of steel, 

roughly triangular in sliape, with a segmental base 
and a circular hole central witlv the body of metal 
forming the receptacle cont.aining the brass bobbins. 
Tlie two combined form a Shuttle. 

Carriage Gain {Cotton Spinning). See 
Patch tNO. 

Carrier {Eng.) A holder which can be attached 
to a round rod, etc., wheu being turned in the lathe, 
til enable the driving chnek to rotate the work 
between the centres. 

- {Optieal Latvtern). A frame of convenient 

form which holds the small unframed slides w'hich 
are usually matle at the present time; the carrier 
remains fixed in the lantern, and enables tbesUdes to 
be placed in position accurately and quickly. 

CarroUite {Min.) A copper and oobalt sulphide, 
CuS. C<jg 8,. Isometric. This rare mineral is chiefly 
of interest from the recent discovery in it of traces 
of Radium. It is found in the United States. 

Carte de Yisite {Pitoto.) The small size of print 
commonly used for portraits; it is about in. by 
2| in., i.e. about half the size of a Quabteb PLATE 
{q.t\) 

Cartilage {Zoology). An elastic tissue wltioh 
precedes bone as the constituent of the skeleton. 
It also forms efficient pads oetween the various 
bones. Cartilage consists of a matrix of Chondbin, 
containing cells aud, in some cases, fibres. 

Cartisane. A small piece of parchment placed 
under embroideries to give relief. 
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Cartoon (Art). (1) A study or design made on 
paper for a painting of the same size which is to be 
oxecntod in fresco or oil, especially the former, the 
design being traced through upon the fresh plaster 
of the wail. Cartoons are also executed in colours 
for designs in tapestry, mosaic, stained glass, etc. 
The cartoons of lUphael are well known examples. 
(2) An illustration in a newspaper or perio^cal 
relating to some cntrent topic or event. 

Gartoueh or Cartooche (Architect., etc.) (1) A 
modillion in an internal cornice. (2) Also used to 
denote a shield-shaped, scroU-shap^, or oval orna¬ 
ment. (3) The oval used in Egyptian hieroglyphics 
to enclose certain characters expressing the names 
or titles of divinities and kings. 

Cartridge Paper. Paper originally used in the 
manufacture of cartridges. It is cheap and useful 
fur rough drawing. 

• CH, 

0 

0 

CH(cn,)., 

Is an oil occurring in certain essential oils ; boils at 
230“. Obtained by heating camphor with iodine. 


Carving. This term is now usually restricted to 
work executed in wood and ivory, the term 
“ Sculptnre ” being applied to carving in stone, and 
“ Ohsndng ” to metal work. Carv¬ 
ing was naturally practised at a 
date anterior to sculpture, anti in 
early,examples of sculptured stone 
the influence that wood-carving 
e.xcrcised on the sculptor is easily 
discernible. The Greeks excelled 
in ivory-carving, and some cl rys- 
elepliuntine statues (tj.v.) of mar¬ 
vellous beauty were executetl by 
Fbeidias. During the Gothic 
period (twelfth to sixteenth cen¬ 
tury) wood-carving reached a high 
standard, especially as regards the 
interior decoration of churches. 

The most celebrated wood-carver 
this country has prutlnced is 
Grinling Gibbons (1G4!<—1720), 
who, in addition to many other 
notable examples, executed the 
stalls of Bt. Paul’s Cathedral. 

Efforts are being made at most 
art schools .to revive this art, 
which, like so many other valu¬ 
able and intere.sting handicrafts, 
has for several years past nmle- 
servedly suffered in the comixj- 
tition with work executed by 
machineiy. Cabvatiu. 



CttiFjtAld (Architect.) A carved Fkom EitKCTueuM. 
figure of a femple used as a 
column, as in thd' portico of the Ereotheum. See 
Atlantes. 


CaaeoFa Sagrada (iSfutony). Mhamnue pvrehiana 
(order, Ithawnaceee). The dried bark is the source 
of the purgative drug of this name. 

CaMarilla (Botany). Crotm CaseariUa (order, 
Buphorbiaceo!}. The dried bark is used in medicine 
as an aromatic tonic. 


Case (Typog.) The receptacle from which type is 
gathered for composing. There is an upper and a 
lower case. The former, divided into various com¬ 
partments, contains the capitals and the accented 
and dotted letters; the latter, likewise divided, 
contains the small letters, spaces, etc. 

-, Caaevork (Bind.) Covers, cloth bound or 

otherwise, prepared separately from the book, which 
is afterwards fastened into them. 

Cased Frame (Carp, arid Join.) A window frame 
having the sashes hnng with cords. 

Case Hardening t^'ny.) The production of a thin 
layer of stool on the surface of iron bodies by heating 
them to a bright red in contact with carbonaceoas 
matter. 

Casein (Chrm.) The essential and characteristic 
albumin of milk. It is composed of carbon, hydrogen, 
nitrogen, oxygen, sulphur, phosphorus. It is an acid: 
insoluble in water, but its salts are readily soluble, 
and it is present in milk as its neutral calcium salt. 
It is precipitated from solutions of its salts by acids, 
even by carbonic acid ; it may also be salted out by 
common salt and magnesium sulpliate. The food 
Plasmon is said to bo the sodium sadt of casein. 
During the la.st few years casein has been largely 
used as a binding material in the manufacture of 
wasiiable distemper or water paints (q.v.) 

Casemate or Casement (Architect,) A large 
hollow ii'.ouUling used in Gothic architecture, parti¬ 
cularly in the Perixmdicular style. 

- (Carp, and Join.) A window consisting of 

glazed doors hung to a solid frame, instead of sliding 
.sa.sho'. 

Cashmere. Soft, fine, silky fibre forming j>art of 
the fleece of tlie t'ashmere goat of Thibet. 

- (Woollen Munvfac.) Fine twill dress stirffs 

maile of worsted yarns. 

Cashmere Goat- ('apra Idrcu* (ffBpiljs Bovidee), 
A small variety of goat lu: ring a thick coat of wool 
beneath the long silkv' hair. 

Casket or Casguet. A small coffer or box, gener¬ 
ally maile of ^ome rare or precious material, wood, 
or metal, often highly decorated. 

Casque ( Armovr). 

A term applied to all 
kinf 1 s o f helmets. More 
])rec‘iscly a .species of 
iudmet first worn in 
the reign of Ileniy 
A' i 11. It was intended 
more for parade than 
protection, and was, 
generally, elaborat<‘)y 
ornamented. It had 
no visor. 

Casquetel (Arm.) 

A small helmet or 
steel cap with out visor, 
but having a pro¬ 
jecting umbril, and flexible plates to cover the 
neck. 

Cassel Yellow. Oxychloride of lead—PbCl,7PbO. 

Cassia Bark (Botany). Cwnaniom'um cateia 
(order, Lauraerte). The bark of this plant is a 
frequent adulterant of cinqamon. 



Oasquu, Mh-axesk, r. 1540 . 
BAKOS UK. CuHSOH OOU-ECTION. 
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OaHitevite (Jfin.) An oxide of tin, SnO,; Tin°= 
78‘38, oxygen =s 21'62 per cent. Often called tin 
stone. It cTystallises in tetragonal prisms. Often 
twinned ($'.«•) at an obtuse angle (gemculate twins). 
It is the most important ore of tm. The varieties 
Wood Tin and Toad’s Eyb Tin are those which show 
a concentric banding. Stream Tin is water-worn 
Cassiterite. It occute in Cornwall, Devon, Saxony, 
Straits of Malacca, United States, Australia. 

Gaitock iCott.) Origiiwlly almost any kind of 
long loose coat worn during the seventeenth and 
eighteenth centuries. A long, close-fitting garment 
worn by the Anglican clei^y, originally under the 
gown; at the present time finder the surplice. 
Also worn by any ecclesiastical ofiScial, cleric or 
layman. 

Cast (1) A twist in timber due to 

drying. (2) Applied to material suitable for casting 
(y.v.) 

- (Softlp.) (1) The name applied to a facsimile 

of an original piece of sculpture. It is generally 
executed in plaster, cast in a mould. The usual 
dbthod of reproduction is as follows: The object 
of which a copy is required is first smeared with 
boiled soft soap ; it is then covered, in sections, 
either witli molten wax or wet plaster of I’aris, until 
a mould of the wliolr Ims been obtained. This piece- 
mould is fitted togotlmr, and plaster and water are 
run into it. When the niould is removed there 
remains a facsimile of thc> original iii plaster. 
(2) Tilt' name is sometimes applied to the mould or 
reversed imi)ression in which the cast is made. 

- (from JVtiture). This may be taken cither 

from a living or a dead liody, and may be a ca.st 
(if the entire frame or any portion, stich as a hand 
or foot. The same process is followed substantially 
as in making a cast from sculpt ure. 

Cast Holes fA'////.) Holes arc cast to save metal 
or the expense of drilling; they ats* not accurate in 
size or position, and require careful finishing in exact 
work. • . 

Casting ( Foundry). (1) 'J'lic metal object i>rcKi need 
by pouting molten metal into a mould of requisite 
sbaiic. (2) The operation of producing the above. 

Casting Ladle (Foundry). Tiie large rcccpbicle 
us(^d lor carrying and pouring out the molten metal. 

Casting On (Foundry). Sre IJuRNtxo On. 

Casting Uprignt, on End (Fou7idry). The fixing 
of a lung mould in a vertioaJ position (usually in a 
pit); the rnotal is then often poured down a long 
tube or channel in the saivd, .and enters the mould 
at the bottom. This produces a sound casting, us 
gas bttbbles, etc., are driven out at the top of the 
mould; scorite, etc., collect in a He.vd (q.r.) 

Cast Iron. See Iron. 

Cast Iron Pipe (Fny.) Used for water and gas 
mains, and for steam pipes when the pressure is not 
too great; the cheapest form of iron piiw. 

Castle. Generally a series of strong buildings 
connected together and originally iutemled to serve 
as a fortress. Such fortresses were chielly the out¬ 
growth of feudalism, and until after the Normtiii 
Conquest w'ore seldom to be found in England. The 
thirteenth century marked the greatest advance 
in the fortification of castles. Tlje strongest part of 
the mediseval castle was the donjon ox keep, intended 
to form the last retreat o£ the garrison. 


Caitwemn. A waxy substance from the anal 
glands of the beaver, (Jagtor eanadentis (family, 
Cattorida). Large quantities are used in mecHcizlR 
on the Continent. 

Castor Oil. Oil obtained from the seeds Of 
rndnut eomtAunie (order, EuphorbiMcece), a plant 
cultivated in India, the United States, Java, and 
elsewhere. The refined oil is almost colourless, very 
viscid; thickens and becomes rancid on exposure to 
the air, but does not diy. The best quality is pro¬ 
duced by pressure of the bruised seed, is used for 
medicinal purposes, and is known as “ cold drawn.” 
Second and third qualities are obtained by heating 
the same seeds and again pressing them. These 
qualities are used in the manu£a<;ture of lubricants 
and for dressing leather, particularly morocco and 
clxamois leathers. Castor oil is expressed in several 
parts of England from imported seed. Sp. gr. 0‘960 
to 0-966 at 60" F. 

Casti ( Oeol.) Properly speaking, this term should 
be restricted to such <mses as those where an alien 
substance has filled a cavity or mould formed by the 
i-emoval of some pre-existent rock, mineral, or fo.ssil, 
and thus imitated its form; but in practice the term 
is often applied to the mould itself. 

Cast Steel (JPwy.) Ingots of steel obtained by 
breaking up and melting Blister Steel in a 
crucible. See Steel. 

Catacomb. A subterranean place for burial of the 
dead, consisting of galleries or passages, the bodies 
being deposited in rece.sses called loculi, excavated 
in the sides. Applied originally to the cemetery 
under the Basilica of St. Sebastian, Rome; it is now 
used in respect of all of the many subterranean places 
of sepulturo in or near Rome, as well as these of 
Cairo, Naples, Paris, etc. 

Catafalque. A decorated platform on which a 
coffin is placed in ohui'ch during a funeral service. 

Catalysis and Catalytic Action ((Them..) The 
speed of certain reactions is (ousiderably changed 
by the intr(Kluction of a third substsmee, which itself 
remains unchanged at the end of the reaction. The 
action exercised by such a substance is called a 
catalytic action or catalysis, and the substance is 
c.alled a catalytic agent or catalysor. An example 
of such a change is the conversion of starch into 
dextrose and dextrine by water; by healing with 
water alone the change is very slow, but in presence 
of a little sulphuric acid the speed is enormously 
increased. Other examples are the conversion of 
cane sugar to dextrose and Itevulose by a dilute acid; 
the hydrolysis of esters by the same means ; the 
union of sulphur dioxide and oxygen in presence of 
platinum black; the decomposition of hydrogen 
peroxide also, by finely divided platinum. The 
amount of catalytic action is, up to certain limits, 
proportional to the amount of catalj'sor presenl, 
and it is also dependent on temperature. See also 
Enxymes. 

Catch Bar (Lace Manufac.) Au approximately 
square iron bar long enough tc. extend over the 
whole wddth occupied by the carriages. A brass 
blade attached to the bar engages with certain 
projections on the carriages, and moves them all 
simultaneously. 

Catch Plate (Fng.) A small face plate (q.v.) tor 
a lathe: it carries a px'ojecting pin, which engages 
with a carrier fixed on the end of a bar, etc., which 
is being turned in the lathe. 
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Catchword C^tfjfog,) The first woid of thr> 
foilowing pa^^e of a book, inserted at right-hand 
lower comer in the “ whiteline.” Not generally 
need now except in enoyclopndias and diotionaries. 

Catechol, PyrocatechiiiyOirthodihydFoxybeiizene. 

White crystalline solid, soluble in water; 
melts at 104“, Gives, like all orthodihydroxybenzane 
derivatives, a green colour with ferric chloride; it 
occurs in beech wood tar and catechu (q.v.) Obtained 
by heating protocatechuic acid (j.r.), and by heating 
either 1 : 2 bromphenol or 1 : 2 pbenolsnlphonic 
acid with caustic potash. 

Catecho. An extr.ict of the leaves and young 
shoots of Vncaria. Gambia (Singapoie, etc.) and 
from Acaeia eatechu. The juice is cvajtorat^ and 
is made into cubes which have a retldish-brown 
colour; it contains cutechu-tannic acid, catechin, 
and oatechol. On distillation it giics catechol. 
Used in dyeing and calico printing, and as an 
astringent in medicine. See also Dyes and Dyeing. 

Catenary, The curve which a heavy cord or chain 
assumes when suspended between two points. 

Cateract (,Eng.') A hydraulic arrangement for 
regulating the valves in Cornish pumping engines ; 
very litde used now. 

Catgut. Tough strings made from the prepared 
intestines of sheep. A strong driving-cord for 
machinery is made from the intestines of horses and 
asses jShc also Waste I’boducts. 

Cathedra! Glass. A name commonly apidied in 
the building traili*» t o combinations of coloured glass. 

Catherine Wheel Window (ArcMteet.) See Kobe 
W lNEOW. 

Cathetometer {Physics), A microscope or tele¬ 
scope mounted horizontally on a vertical .stand. It 
can bo cither raised or lowereil, but it alw.ay.- 
remains horizontal. The rise or fall can be aceumtely 
read on a finely divided scale, thereby giving measnre- 
mente of vertical heights ivhicli do not exceed the 
range of the scale of the instrument. 

Cathode or Kathode {Elect.) The conductor, or 
Blectbodb, by wlfich an electric current le.aves a 
liquid or gas; it is usually a piece of carbon or 
metal in the shape of a fiat plate, disc, rod, etc. 
df. Anode. 

Cat’s Eye {Min.) A variety of Qoabtz {q.r.) 
showing a fine fibrous structure, so that when cut 
en cabochon it gives a sudden flash of light in certain 
directions. Fine examines come from Ceylon and 
Malabar. Eee also Fbecious Stones. 

Cat’s Head (Architect.) A Norman ornament, 
rescanbiing the beakhead, hut having a protruding 
tongue in--tead of a beak. tSee Beakhead. 

Canlicoll {ArcMtoct.) The eight stalks which 
spiiug frum tlie tippcT row of leaves in a lloman 
Corinthian capital. Tins term is also used to denote 
either the volutes in which these eight stalks ter¬ 
minate, or the stalks and scrolls together. It is alsr> 
written Caaliculos, Canlicolns, and Caulecolc. See 
ABCHJTBCTtraE, Obdbbs op, and Cobinthian. 

Caulk or Calk {Plumb.) To run lead into the soc¬ 
ket of an iron pipe and hammer it in with a caulking 
chisel See also CALKING. 

Cattsia {Arohaol.) A broad-brimmed hat worn by 
the ancient Homans, Originally worn by the 
Macedonian kings. 


Caustic {Light). A curved line or snrfsee pro- 
clnced by the intersection of rays from reflecting 
or refracting snrfaces of 
certain forms. For ex¬ 
ample, in a spherical 
mirror the reflected rays 
do not puss through 
any one focal point, but 
touch a curve with a 
“ cusp,” whose point is 
on the axis of the 
mirror. The caustic pro¬ 
duced by the reflection 
of parallel rays fitom 
a spherical mirror is 
shown in the illustra¬ 
tion. The rays near 
the axis of the mirror 
OA intersect at or very 
near a point P, which is 
the princiiml foens of 
the mirror. The dis- 
tance AF is half the 

distance AO, which is the radius of curvature ti# vho 
mirror. 



Caustic Alkali, see Alkali. 

CauBticising Pan {Paper Manvfac.) A cylindrical 
vessel, usually fitted with agitators, in which car¬ 
bonate of soda converted into caustic soda. 


CauBtie Potash. See alkali. 

Caustic Soda. See Alkali, 

Cave Breccias {Grid.) A cemented mass of 
angular fragments of any kind (not usually limo- 
.stone or bone) which have fallen into a subterranean 
cave or a fissure, from above, or have been waslied 
into it by rf)rrent.s. It may Imj of auy age,* but it is 
usually of corajiarativcly recent origin. 

Cave Earth {Getd.) A general term applied to 
the loam, sand, or clay which has fonnd its way into 
caves (usually in those of limestone districts) by the 
action of rnniiiag water. _ m 

Cavendish Experiment {Physics). An experiment 
of Henry Cavendish for finding the absolute force 
l>etwecn two attracting nia.ssc.s. From t)»is absolute 
force it is possible to calculate the mass of the earth. • 
Cavendish found it to be .5-418 times the mas-s of an 
equal volume of water. This experiment lias been 
repeated by later observers with different forms of 
np{)aratus, and the latest results chained sliow that 
the actual density of the earth is about 6‘627 times 
that of water. 


Cavern ( Oeol.) Generally used as a synonym for 
cave; but it would be conducive to clearness if the 
term cave were restricted in geological phraseology 
to the subterranean chambers formed by the solvent 
action of ivatt^rs upon limestone, and if the name 
cavern were used for the natural underground ex¬ 
cavations, such as those which are produced by the 
mechanical action of the sea. 1’he term grotto 
might in that cgse be employed for the rook cavities 
often left in lava beds. 


T 


Cavetto {Architret.) A 
hollow moulding. In Homan 
work its section is a quarter 
circle; a Grecian cavetto has Cavbtto. 

a more graceful contour. 

Caviare. A Russian food preparation made from 
the roe of the sturgeon, Acoipeuser sturio (sub-order, 
Ckmdrostei). , 
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0avo«Sell«TO (Arohiteot.') Sculpture, in which 
the highest part oi the relief is level with the general 
•urfaoe of the stone; much used in Egyptian scnlp- 
ture. See BA8ao-llei,iEvo, Alto-Bblibvo, Mbzko* 
BuLIBVO, and iKTAGIilO. 

Cavk (Mn.) A miner’s term for Babytbs (g.p.) 

CaxtMU Any book printed by William Cazton, 
England’s first printer, is known as a “ Caxton.” All 
his productions are in black letter, and were issued 
between the years 1474 and 1491. Although a most 
prolific prints, oopies of his publications arc now 
noth rare and valuable. While many of his later 
publications have disappeared^ altogether, several 
oopies of the first edition of ms earliest and best 
known books, TAe ReeuyeXl of the JRittoryen of 
Troye and Tlie Game and Playe of the- Cheste 
are still extant. His greatest work, The Golden 
Legend, published about 1484, was profusely illus¬ 
trated with wood cuts. Of the first edition of this 
work many^opies remain. The finest collections of 
‘‘ Caxtons " are those in the British Museum and the 
By lands Library, Manchester. 

Cayenne Pepper. See Capsicum. 

Cd Symbol forCAUJiruM 

Ce Symbol for Cbbium (y.r.) 

Cedar. See Woons. 

Cedar Wood Oil. Cedrve, several species (order, 
Conif-Tte'). An oil obtained by distillation from 
cedar w<»od shavings. 

Ceiling JoietB (Car;>.') The timbers (below the 
floor joists) to which the laths are naileiL See alto 
Floobs. 

Celadon {Potj) Porcelain in which the colour is 
mixed with the glase and burnt in at the first firing. 

Celebe (Pot.') A Greek vase in form resembling 
an urn and having two hundlc.s. 

Celestial Equator (/i/tfrii;/.) The Great Cibclb 
ig.e.) on the celestial sphere, whose poles are the 
celestial ))oleB.» 

Celestial Poles (Atfron.) The two points about 
which the celestial .sphere appears to revolve. 

Celestial Sphere (Astron.) An imaginarj'^ hollow 
sphere, whose centre is at the eye of the observer. 
A line drawn from tlie centre <o each of the heavenly 
bodies mits this sphere at a point which is the 
ap{)arent position of the body in question. 

Celeetine (J/fa.) titroniium sulphate, SrSO^. 
Strontia = 66'4. snlffiinric acid = 4:>’f> j,<‘r oent. It 
crystallises in rhombic tables. The crystals are 
colourless, or more often pale blue, very brittle. It 
is found frequently in association with gypsum, rock 
salt, and sulphur. Bristol and Lake Huron are two 
of the principal localities. 

Cell or Celia (Arehiteet.') The space enclosed 
within the walls of a Grecian temific. Sometimes 
this space was undinded, and formed the principal 
ehaml^r, or Naos, in which was placed the statue of 
the dolty. In other cases the celia was divided into 
two portions—the larger portion, the Xaos, in the 
front, and a smaller chamber, called the Opistho- 
DOMT78, used as a treasury, at the back. I'ho iukjs 
was approached thrtiugh a columnar porch, the 
pronaos; the opisthodomus through the r.'ar porch, 
the Fosiiotric or Bpikaos. The term cell is also 
used to denote the tilling in between the ribs of 
Gothic vaulting. See Bevebies, Nave, awrf Aitta. 


CeU or Oella (Bwlogy). The unit of an animal at 
plant organism. It consists of a mass of protoplasm 
ooDtaining a nubleus, and may, or may not, ksfe a 
<s5ll wall. 

Cellar OvelUngs {Sygiene). Use of a cellar as 
a dwelling is absolutely prohibited by the PubliO' 
Health Acts. A cellar may not be occupied at all 
unless it accords with the requirements laid down in 
the Acts. ITiese relate to height, drainage, sanitary 
accommodation, ventilation, light, etc. 

Cells, Primary. The primary cell is a means of 
obtaining electrical energy by the actual consumption 
of some motaUic element, usually zinc, which is 
turned into its sulphate or some other compound. 
Ihe cell cannot then be used again without intro¬ 
ducing an entirely fresh material, thereby differing 
from the storage cell or accumulator (,q.v.) It may 
be compared to a kind of famace, in which the zinc is 
the fuel. The essential parts of a cell consist of the 
negative plate, wliich, as mentioned above, is almost 
invariably zinc; a positive plate, which is commonly 
platinum, copper, or carbon ; an exciting liqnld, which 
acts chemically on the zinc; and finally some material 
whicli may be termed the depolariser." The function 
of the latter body is to furnish a regnlalr supply of 
oxygen in. the neighbourhood of the positive plate, 
and thereby to destroy the free hydrogen which 
would be liberated there, and which if allowed to 
accumulate would stop the action of the cell. The 
main essentials of a good cell are as follows: (1) 
The electromotive force should be constant; (2) The 
Internal resistance of the cell shonld be as small as 
possible; (3) The cell must be free from polarisation; 
(4) The chemical action in the cell shonld cease when 
the current is no longer flowing. The first condition 
(electromotive force) depends entirely upon the 
chemical nature of the materials employed, and is 
always constant so long as the nature and condition 
of the materials are the same ; it is perfectly inde- 
l^endent of the size of the cell or distances between 
the plates. The internal resistance of the cell, 
however, <lepei\ds very largely upon its size and the 
distance between the plate.s, ana can be diminished 
by making the plates large and bringing them close 
together. Freedom from polarisation depends (in 
the majority of ca.ses) upon a sufficient and regular 
supply of oxygen being lurnishcd by the polarising 
agent. The last condition is one of dimculty ra 
attainment in most classes of cell; and in the more 
active forms of primary cell it is necessary to with- 
dmw one or both plates from the fluid. The chief 
forms of cell in common use are as follows : 
(1) IHolmmate Cell; This consists essentially of a 
plate of zinc and a plate of carbon, the exciting 
fluid being dilute suliJhuric ac.id, and the depolariser 
a solution of potassium dichromate which is mixeil 
with the acid. This mixture is very active, and it is 
absolutely necessary that the plates should be with¬ 
drawn wiieii the cell is not in n.se. Instead of 
potassium dichromate, chromic anhy'dride (t'rO,) or 
potas.sium chromate (K,CrOp may be used. An 
improvement may be made by putting the carbon 
plate and the potessium dichromate solution into a 
porous pot, leaving the zinc in the dilute sulphuric 
acid: in most ca.ses, however, the fluids are miked. 
The electromotive force of this cell is about two 
volts. (2) Grovr't CeU: The positive plate is a piece 
of platinum foil, which is immersed in a depolariser 
consisting of strong nitric acid in a porous pot *, 
the negative plate is zinc in dilute snlphnric acid., 
This is a very good cell; but the use of nitric acid ia^ 
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Eomewhat objectionable both from the dangers of 
h andling the acid itself, and from the corrosive 
fumes of the oxides of nitrogen which are given 
off as the acid parts with a iwrtion of its oxygen, j 
For this reason a Grove’s battery will require to j 
be kept under a hood with a steady draught to 
carry off the fumes. The electromotive force is 
about 1'9 volts. (3) Suturn's Celt; This resembles 
Grove’s cell in all respects but one, vis. that the 
positive plate is a rod of carbon instead of platinum 
foil. Its electromotive force and other properties 
are much the same as those of Grove’s cell. (4) 
DanielF$ Cell; The negative plate is zinc in sul¬ 
phuric acid, as before. The positive plate is copi)cr 
in a saturated solution of copper sulphate, the two 
fluids being separated by a porous pot. In this case 
no hydrogen is actually set free, but the copper 
sulphate is acted upon by the nascent hydrogen, i 
metallic copper being formed, and deposited upon | 
the copper plate. This deposition of copper does not i 
alter the nature of the positive plate, and there- ■ 
fore there is no alteration iu the electromotive 
force. The cell yields an electromotive force of 1‘07 , 
volts, and is remarkably constant in its action; on ' 
this account it is a very great deal used in telegraphic : 
work. (5) Leclaneki Cell; The negative plate is zinc 
acted on by a solution of ammonium chloride. The 
po.sitive plate is a rod of carbon packed in a mass of ' 
mangane-se dioxide, which furnishes a supply of I 
oxygen, and therefore acts as a depolariser. When • 
this cell has been running for a very’ short time, it j 
becomes polarised, and it is some time before the ' 
mangiuicse dioxide can destroy this polarisation. ; 
If, however, the cell be given a comparatively long ; 
vest between short intervals of use, it easily recovers, | 
and will last a very long time with no further 
attention than the addition of a little water. It is ; 
chiefly used for intermittent work, such as the ring- . 
ing of electric bells. (6) Drjt ('elU ; The so-called dry ! 
cells really consist of some form of ljeclancb6 cell, in 
which the exciting fluid is mixed with some material 
to make it into a kind of damp paste, as a perfectly 
dry cell would be useless. There are many modem 
forms of dry cell, most of which have for their object 
the reduction of the internal resistance, which | 
naturally tends to become very great when the cell no I 
longer contains a mass of fluid. (7) Zalande'$ Cell: 
This is a zinc and copper eellj but the polariser ; 
consists of a mass of copper oxide surrounding the | 
cojjper. The zinc is acted upon by a solution of j 
caustic potash, KOIl, in which the metal dissolves. 

It has a low electromotive force, about -8 volts, j 
but is a reliable and constant cell. In addition | 
to the above, certain primary cells are constructed 1 
for the purpose of serving simply as a standard of 
eleotromoUve force. In all these the object is not to 
obtain a current at all, but to ensure that the voltage ; 
shall be as constant as possible. Clark's cell {q-v.) is | 
one of the beet known and most reliable forms. 

Celluloid. Is a mixture of camphor and pyroxylin 
(& mixtaie of the tetranitrate and }jentanitrate of I 
cellulose). The camphor is dissolved in alcohol, and 
the pyroxylin added, and the mass worked together j 
between rollers; then warm-pressed. Celluloid is 
highly inflammable, but not explosive; it may be 
coloured by adding the required colour before work- i 
ing up the mixture. Largely used as a substitute 
for ivory, bom, and tone in combs, various ornaments, 
etc. 

OdlnloM, (C,H,oOt)n. Examples of very nearly 
puce cellulose are good Swedish filter paper; well 


washed linen; purified cotton wool. It has an organ* 
ised structure; its chemical constitution is unknown. 
A solution of copper hydroxide in ammonia (Schweit¬ 
zer’s reagent) dissolves cellulose, and a hydrated 
cellulose is obtained by evaporating the solution or 
precipitating it by' salt or acids. This fact has 
received several important technical applications, 
as in papermaking, making artificial silk (lustra- 
cellulose), making boards which are used in build* 
ing. Zinc chloride and alkaline sulphooarbonates 
also dissolve cellulose; the solution in the latter case 
is called Viscose. Both these solutions are used in 
making artificial silk (lastracellulose). Strong 
solutions of caustic soda, (NaOH), act on cellulose, a 
compound, (CijHjgOiyNajOln, being formed which, on 
washing, gives a hydrated cellulose. When cotton 
goods are treated in this way, and tightly stretched 
to prevent shrinkage, the cotton is Mbbcebised— 
it becomes lustrous and dyes better, especially with 
turkey red. The action of a mixture of nitric and 
sulphuric acids is very varied, fke CI 01 .LODION, 
Guncotton, PyaoxyuN, Cei.lxiloid. When filter 
paper is dip])ed in sulphuric or nitric acid of 
proper strength.. and then withdrawn, it becorie.s 
toughened; with a rather stronger solphnric acid, 
unsized paiier gives Pabchment Papbb ; with con¬ 
centrated sulphuric acid the cclhilose dissolves—on 
dilution of the product and boiling, glucose (a sugar) 
is produce<l. This is the origin of the popular 
expression "making sugar from rags." Bleaching 
powder solution in pre.seuce of air, boiling diluto 
nitric acid, ferric compounds in presence of light 
oxidise cellulose—the last producing the well known 
" iron stain ’’ on linen. Cellulose is not digested 
when taken with food ; hence the necessity of cook- 
ing starchy foods, the cell walls of which, consisting 
of cellulose, are burst by the process of coojkiug. 

Oelsins’ Scale (Heaf). The Cbntigbade Scale 

(q.v.) 

Celt (.4/'c7//?eZ.) An implement of stone, bronze, 
or iron, with chisel-.">baped e<lga, found among the 
remains of prehistoric man. A Socket or Pot Celt 
is one with a hole at the eml for reoSving a handle. 

Cement (^Hvild.) See Cements. 

Cementation {Metallurgy'). The older. process 
for the manufacture of steel. Bars of wrought iron 
are packed in firebrick boxes or troughs, termed 
C 0 NVEBTIN 6 J’OT.s, along with charcoal powder, and 
heated in a furnace for some days. A part of the 
carbon is grtoually absorbed by the iron, converting 
it into steel. The process is now largely superseded 
by the Bessemer PltocEas {q.v.) See alto Steel. 

Cement Fillet {Build.) A strip of cement put in 
the angle where the roof joins the wall. Instead of 
lead flashing; it serves to make a watertight joint 
between the roof and the wall. 

Cementing Materials in Roeki {Geol.) As a role 
the cement which unites the particles of rocks of 
clastic origin is silica, lime, or iron; but various other 
mineral substances occasionally occur along with 
those, or may occur quite alone. In nearly all cases 
the cementing matter has been carried in by the 
action of percolating waters. 

Cement Joggle {BuUd.) A V-shaped recess out 
in the vertical joints of stonework, and filled in with 
cement to strengthen the joint; it serves as a kind 
of connecting piece or Lowell. 

Cements {Build.) Of these, by far the most 
important is ordinary mortar. This is defined in the 
building rules of the London County Coimoil as 
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eoDBisting of one part of freshly burned lime, mixed 
ivith three parts of clean sharp sand free firom 
earthy matter. Lime itself is produced by beating 
chalk or limestone, which is a more or less pure form 
of calcium carbonate. On heating, calcium oxide, 
CaO, is left behind. When this is “ slaked ” or 
treated with water, a portion of the water becomes 
chemically combined with it, forming calcium 
hydrate, Ca(OH)j. The setting of the mortar in the 
masonry appears to be duo mainly to the absorption 
of carbCTic acid gas from the air, which converte the 
calcium hydrate into calcium carbonate; but there 
is no doubt that the silica in the sand also enters 
into some kind of combination, helping to produce 
a hard mass which adheres firmly to the stones or 
bricks between which the mortar is placed. Hy¬ 
draulic Lime: If a limestone contain a certain 
amount of clay, or material resembling clay in 
chemical composition, the lime made from it has 
the peculiar property of being able to harden under 
water to a greater or less extent; such lime is termed 
HYOBAXHiic Lime. Its action appears to be due to 
the formation of a compound between the lime and 
th^ silica contained in the clay, and this hardens 
independently of any absorption of carbonic acid, 
and therefore Joes not require exposure to the air. 
The same property is, however, possessed in a greater 
degree by the following cements. Partlaud Ckment: 
A mixture of one part of lime and two parts of clay 
is thoroughly incorporated by grinding together. 
It is then di icd in the air and cut into blocks, wdiicb 
are placed in a suitable kiln and burned at a glowing 
heat Care must be taken in this operation that the 
materials are iM^t actually melted, as, if they were, a 
glassy substance would be produced, which would 
be quite ^alnc]es8, After burning, the substance is 
griiand to an extremely fine powder. This part of 
the process is very important to the sucoes-sful action 
of the cement, and it may be noted that tlie greater 
part of the prwluct from the grinding mill ought to be 
sufficiently finely ground to ptiss through a sieve with 
seventy-six meshes per linear, inch. Portland cement 
may be mixed gjith a considerable quantity of shar]') 
sand, and forms an extremely durable and strong 
cement. Portland cement is frequently adulterated 
by the addition of foreign materials, of which the 
chief are gypsum, slag, slate, and unburned lime¬ 
stone. These have a very deleterious effect on the 
strcjigth of the cement. Unman Cement; A cement 
miule from material somewliat inferior to Portland. 
It is about a third of the strength of Portland 
cement, and is about two-thirds of the price. Its 
wincipal advantage is that it sets more quickly. 
Plaxter of Paritt; This consists of gypsum which 
has been heated lo drive off its water of hydration. 
It gives a beautiful white and smooth surface, but 
has very little strtmgth. Keens Cement: This con¬ 
sists of burned gypsum, which has been heated with 
a solution of lime, drie<l, re-bumed, and ground. It 
is very much harder and stronger than plaster of 
Paris. Parian Cement: Pla,ster of Paris mixed with 
a 10 iMsr cent, solution of borax. 8tiieeo: Plaster of 
Paris treated witli a solution of gelatine or glue. 

Cement Stone Gronjp ((real.') A subdivision of 
the Scottish Lower Carboniferous Bocks which cor¬ 
responds to the Ballagan Beds of the west of Scot¬ 
land and the Lower Limestone Shale. The name 
was given on account of the occurrence, in the 
shales of these rocks, of thin bands of argillaceous 
limestone like those found in the Lias. They arc 
mostly quite useless for the manufacture of cement. 



These rocks were erroneously supposed to be of older 
date than any carboniferous rocks known in England, 

Cement Teeter (Svild., etc.) A small TBEnaxo 
Machixb used for finding the tensile strength of 
samples of cement, which are moulded into a spedal 
form for the purpose. See Tbstikq Maohinbs. 

Cendal. See Sbxdal. 

Oeneer (ArcAeeol., etc.) A vase or vessel for burn¬ 
ing incense. The heathen censer generally stood, 
and was in form of a tripod. The Christian Church 
uses a swinging censer, hung by chains. In the 
Boman Catholic Chnrcb they are called Thcbiblbs. 

CentaoF (ATyf/i.) A 
fabnlons creature hav¬ 
ing the body of a horse 
and a man’s torso, 
head, and arms issuing 
from the neck of the 
animal. Often intro¬ 
duced in Greek and 
Boman sculpture. 

Centering or Cen¬ 
tring (Jiuild.} The 
timber frame support¬ 
ing an arch during the 
process Of construc¬ 
tion. 

- (Eng.) Mark- 

ing the centres on 
work for the drilling 
machine, or the ends ceniauk 

of the axis of a piece of 

work to go into the lathe, by means of a centre punch. 

Centigrade Scale (Heat). The scale of tempera¬ 
ture universally used in science; the difference in 
temperature between the freezing and boiling points 
of pure water is divided into lOU equal parts, the 
former being marked (Pand the latter 100°. The scale 
tlins obtained is extended by means of equal divisions 
or degrees above and below the fixed points. 

Centimetre. See Weights and Mbasubbs. 

Central Load (Enq., Build., etc.) A weight which 
is concentrated at the centre of a beam or other 
structure. 

Centre Chuck (Eng.) A chuck (q.v.) which auto¬ 
matically adjusts work of a cylindrical or circular 
form, so that its axis coincides with the line of 
centres of the lathe. The jaws .are moved by a 
screw, lever, or other device, and are so connected 
together that however they are moved they are always 
equidistant from the central axis of the chuck. 

Centre Flower (Plaet.) A plaster ornament in 
the centre of a coiling. 

Centre Nailed (Build.) Slates having the nail 
holes near the centre of their length. 

Centre of a Lens (Light). In tho case of a very 
thin lens, the centre is the point at which the axis 
cuts the lens: a ray 
passing through this 
point will not be 
bent by the lens, 
whatever its direc¬ 
tion. In the case of 
a lens of finite thick¬ 
ness it is a point 
(which is not neces- 
siirilv within tho 

lens) such tl.at any Cenxse or a Less. 

ray passing through it is undeviated. Let AO be a 
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V.omtJLh 0/.V-) to one surface of the lens at Aiand bo 
be the ma nml to the second Atirface which is parallel 
to AC. Join AB, then the point o is the centre. 

Centre of Curvature. If two normals be drawn 
to any cui\e, they will intersect on the concave side 
of tiie curve. If the two points from which they 
aie drawn approach one another till they are at an 
iafinitesiuial distance ai»rt, then the point of inter¬ 
section of the two normals is called the Csntbb of 
CUBVATUUK of the curve, and the distance from 
the curve to this centio is termed the Babius of 
CCEVATU tUB. 

Centre of Gravity iPhyn., Met^hanieii). A point in 
a body through which pisses the resultant of all the 
parallel forces exerted by gravity on the particles 
composing the bixly. In more practical language 
the centre of gravity may be said to be a point about 
which the body would balance in whatever position 
it might be placed. 

Centre of Oscillation {Physion'). See PExornuM. 

Centre of ProBsnre {Phyg.') When a tiuid pressure 
is applied to any surface, a ])uint can be found through 
whicn the resultant pressure (or j-esultant of all the 
forces exerted on every element of area of the sur¬ 
face) acts. This point is the Centre of Pressure. 

Centre of Suspension (Phygtre). iScc Pebduluh. 

Centre Piece (Pltmt.) See Cbxtke Flower. 

Centre Plates {Paftem, Slahivg'). Metal plates 
used for holding together parts of a jointed pattern 
while being turned in the lathe. 

Centre Punch iEng.) A punch used for marking 
the jHiint where the centre of a hole is to be drilled, 
or as a guide for some other measurement. 

Centre Square (Eng.') A form of square with 
two studs on the stock. When these studs touch the 
circumference of a circle, one edge of the blade of 
the square passes through the centre of the circle, 
so that by marking a line with two positions of the 
square the centre 
of the circle can 
be found. 1 ti 
another form 
there are two 
straight edges 
fixed at an angle 
with each other, 
forming a wide 
V, Irctween the Custbb Sucakks. 

arm.s of which 

the circular object can be placed. The blade of the 
square is fixed so that one edge bisects the angle of 
the V, and therefore passi’s through the centre of the 
square. Both forms of centre square are shown in 
the illustration. 

Centre Weighted Goveraor (Eng.) An engine 
governor whidi ha.s a heavy weight attached to the 
central spindle, so that it is moved up and down when 
the speed varies. • See GovEJUfoa. 

Centrlfngal and Centripetal Force. When a 
body is constrained to move along a curve, it exerts 
a force along the outward-drawn normal to the curve. 
This force is termed the Centrifugal Force. Its 

amount is where m is the mass of the body, 

V its velocity, and r the radius of curvature of the 
path. The force which causes the body to continue 
in its carved path is equal in amount, but opposite 
in direction, to the centrifugal force: it is ofteu 
termed the Cevtbipbtal Force. If a mass, attached 


to a string, be whirled round in a circle, the centzl* 
petal force is the puQ exerted by the string. 

Centrifugal Pump. A pump In which a high 
velocity is given to the water by the blades of a 
rapidly rotating fan. Its continuous action and the 
absence of valves are its chief advantage 

Ceramics. See Po-e^euv and Porcelain: 

Ceramography. Historical and technical descrip¬ 
tion of pottery. 

Cerebellam (Zoelogg). The term applied to a part 
of the hind brain. It functions in maintaining the 
balance of the body. 

Cerebrum. The fiiass of nervous matter forming 
the anterior portion of the brain. In the higher 
vertebrate.s it constitutes the largest part of the 
brain, and in man fills nearly the whole cavity of 
the skull. 

Ceresine. An earth wax obtained from Ozokerite 
(qx.) U.sed principally for mixing with bee8W”ax. 

Cerium (6Vt/;»i.),Ce. Atomic weight, 140. A rare 
metal resembling iron in appearance; it occurs as 
silicate in the rare mineral Gebitb ; it belongs Jo 
the same group of elements as carbon in the Periodic 
System (g-t.) The dioxide CeO.^ forms 1 per cent, of 
the Welsbach Incandescent Mantle (g'.e.) The 
crude sulphate made from oerite is used in dyeing; 
the oxalate is used in medicine to prevent vomiting. 

Cerography. (1) Writing, pinting, or engraving 
on wax. (2) The encaustic painting of the ancients. 
(:i) Painting in wax colours. 

Ceroplastic. Tlie art of modelling in wax. This 
art was practised in early times and in the Benais- 
sance, the figures ofteu being coloured. Home of the 
finest examples are Michael Angelo’s studies, now at 
South Ken.sington. 

Cerulean (Painty Of the colrmr of the bine sky : 
azure. 

Cerulein. See Dyes and Dyeing. 

Cemssite (Min.) Carbonate of load, ITjCOj. 
Oxitle of lead 8;t-5, caibonic acid »■> 16-5 per cent. 
Usually in rhombic crystals, but also massive. The 
lustre is peculiarly brilliant. Tu;inning often pro¬ 
duces a radial arrangement u£ the individual crystals. 
It is probably derived from the decomposition of 
Anglesite in many ca.scs. In quantity it is a valuable 
ore of lead. Found at Caldbcck Fells, Alston Moor 
in Cumberland, Comw-all, Dumfriesshire, and many 
places abroad. 

Ceryl Alcohol. CffH^jOII. A white crystalline 
mass; melt.s at 79°. Combined with Cebotic Acid, 
it forms Chinese Wax, C„ . HgjCOOC^Hjj. 
It belongs to the same series of alcohols as common 
or ethyl alcohol. 

Cesspools (Hygiene). Cavities to receive the 
sewage from houses in districts where the water- 
carriage system fur the removal of waste matters 
has not been adopted. They should fulfil the fol¬ 
lowing conditions: Be absolutely waterti^t, well 
ventilated, placed a safe distance from wells and 
.streams, regularly emptied and cleansed, and without 
overflows. 

- (Plumbing). A box lined qrith lead, at tiie 

end of a gutter. 

Costas (Are/ueol.) A boxer’s glove, used by the 
Greeks and Bomans. It was generally formed of 
thongs of leather wound round the hand and wrist. 
Metal bosses were sometimes added, or the leather 
was loaded with lead or iron. 




GET 


97 


OKA 


Oetyl JUoohoL C,JEI„OH. A white crystalline 
mass ; melts at 49'6° Combined with palmitic add, 
formingcetylpalmitate,CuH„COOCmH,^ itis the chief 
ingredient of 8P£BMACBI1. It belongs to the same 
series of alcohols as common or ethyl alcohol. 

O.F. (MvHo), Abbreviation for canto fermo. 

Chabaxite (.Via.) A rhombohedral Zbolite 
occurring in drtisy cavities in basic lavas. Com¬ 
position, a bydroQS silicate of alnmininm, calcium, 
and potassium. Found at Giants’ Causeway, Ireland, 
Greenland, United States, olc. 

Chain. A number of loops of metal linked to¬ 
gether. Each loop is welded up, in the case of large 
chains; in smaller ones it may brazed, soldered, or 
merely bent into form, according to its material and 
the purpose for which it is required. 

- (8wve;/inff, etc.) In surveying, the sur¬ 
veyor’s chain is tiie instrument most frequently 
employed for the direct measurement of distances. 
It is in the form of a chain of one hundred links of 
iron or steel,wire. Its length is usually 66 ft. iicc 
aUo WsiaHTs Axo Measi;be.s. 

Chain Adjustment ( Cycle). The device by which 
the hul» of the iaick wheel and the sprocket wheel 
on it can be moved farther from the crank axle to 
"take up" tlie slackness due to stretching of tlve 
chain. The back axle is moved in the fork ends by 
means of the “ .adjustors," and held in place by the 
nuts which .screw tiie collars on the axle closely up 
to the slatted fork ends. 

Chain Baprel (.Ung.) A cylinder on which a chain 
is wound up in some forms of machinery, such as 
cranes. It may have a groove in which the cliain 
can lie, or may be a ])lain cylinder. 

Chain, Orivinj (^Cyclesand Can), 'rheieare two 
cliict types : ISlock t'HAix.s, in which the two side 
links arc connecte«l to a solid piece or " block,” and 
Bollbb Chains, in which the screwed pin on which 
the links hinge runs through a tni)ular roller, wliich 
can revolve as it passes over the teeth of the chain 
wheels, thereby diminishing the fribtion. Many 
special forms of driving chains are now- made for 
the cycle, mottjf, and engineering trades. See also 
Cyci.ksS. 

Chain Moulding (Architect.)' An enriched mould¬ 
ing re.scnibling a chain, used in Norman work. 

Chain Pillars (Mininy). Masses of ro'-k left on 
each side of a gangway or principal level to prevent 
the collapse of the roof. 

Chidn Pump (Eng.) A pump in which a number 
of discs, fixed on a cliain, run through a cylindrical 
barrel, and serve as a succes.sion of pistons for 
raising water up througli the barrel. 

Chain Slreting (Eng.) An arrangement of rivets 
in paiallcl rows. 

Chain Survey. A survey carried out by means of 
the chain only, no theodolite, etc., being used. See 
also TBIANOUnATlON. 

Chain Warp (Cotton Weaving). A Wahp (q.v.) 
of considerable length and fewer threads than a 
balled warp. It is looped or linked in the form of a 
chain so os to facilitate its prioress during dyeing 
and sizing operations. Usually prepared on a chain 
or lease wanier. 

Chain (Cycles and Motor Cars, etc.) A 

wheel with teeth of a suitable form to engage the 
links of a driving chain without shock or undue 
friction. The block or toller (see Chain, Dbiviko) 
must be able to lie between two teeth with the 
neoessary clearance. 


Chair (Eng.) Tlie iron casting by which a rail ia 
fixed to the sleepers on a railway. ’The rail drops 
into a wide opening in the chair, and is fixed 
wedges of wood. 

—— (Glass Manufac.) A group of workmen in a 
glass manufactory wiio attend to a certain numtxm 
of crucibles, (y. Companionship 

- , Cnrole. A folding seat 

used by Homan officials as a 
mark of distinction. It was 
generally richly decorated with 
ivory inlay, gold, eta Those 
entitled to use such a seat were 
called Cnrule magistrates. 

Chair Bail (Carp.) A wood 
moulding fixed to the wall 
to protect the plaster from Cbaib, Ouauu. 
injury by the backs of chairs. 

Chair, Sedan. 8o called from Sedan in the north 
of France, wliere first used. A closed vehicle for 
carrying one person. It was glazed at the sid^ 
and in front, often elaborately decomted, and was 
borne by two men by means of shoulder straps- 
attached to two long poles. Tlie Sedan chair was 
extensively used in this country by the wealthier 
classes dqring the seventeenth and eighteenth 
centuries. 

Chalcanthite (Min.) Hydrous sulphate of copper, 
CuSO^.SHjO. Oxide of copper=31’H, sulphuric an- 
hydride = 32'1, water = 36’1 per cent. Also called 
Blub Vitbiol. It occurs in sky blue crystals of the 
anortliic system and in encrusting miisses. It results 
in nature from the decomposition of copper pyrites. 
Found in Cornwall, Ireland, the Harz, etc. 

Chalcedony (Gool.) A mixture of Colloidal. 
(q.v.) or opaline silica with a micixicrystalline form 
whose exact nature is as yet imperfectly known. Pro¬ 
visionally this crystalline constituent is referred to as 
Quabtzinb. Chalcedony forma the chief constituent 
of agates, and it is also the basis of fiint, chert, 
jasper, caiuelian, bloodstone, sard, eta In many 
ca.ses it has originated through the deposition ox 
silica derived from the deconipusitiou of silicates. It 
often occurs as a content of tbe steam cavities of 
lavas, sometimes in stalactitic forms. When de¬ 
posited in horizontal layers it is t^lcd ONYX. The- 
onyx of jewellery is produced by allowing the more 
porous layera of such chalcedony to take up a solution 
of sugar, which is then blackened by exposure to 
sulphuric acid. 

Chalcocite (Min.) A synonym for Cofpbb 
GI.ANCE (q.v.) 

Chalcography. The art of engraving on copper 
or brass. See Enubavixu. 

Chalcolite (itfin.) A srnunYmforCorpKBUBANiTB 
(q.v.) 

Chaloopypites (.Vm.) A sruouym for Cofpbb 
Pybitbs (q.v.) 

Chalcotriohite (MiJi.) A variety of Ccpbitk, the 
red oxide of copper (q.v.) 

Chaleotript, One who takes rubbings of 
" bras.'se.s.” 

Chalice. A name generally given to the cup in. 
wliicli the wine for consecration is placed at the cele¬ 
bration of Holy Communion. Chalices are generally 
made of either gold or silver, and are often of 
henatiful design and elaborate workmanship. 

Chalk (Gcol.) A term applied exclusively to the 
marine limestones of the U{^r Cretaceous Bocks of 




CHA 


98 


CHA 


Britain. Typical chalk is soft and earthy in 
texture; but this type is confined to the south* 
east of England. It is a rock of deep water origin, 
formed fn^m a deposit analo^us to the recent fora* 
miniferal oozes. It ranges in thickness from a hundred 
feet or so to more than ten times that amount. See 
Calcium Compounds. 

—— (Paint') Chalk is often prepared and used 
for drawing. The name is then generally used in 
the plural. Applied also to other colourctl prepara¬ 
tions resembling chalk used in the form of crayons 
for drawing. 

Ghalk Braving. A drawing sketched and filled 
in with black or coloured crayons. 

Chalking (Pec.) A condition of white or light 
paint work in which white lead has been used, and 
where the paint has a chalky appearance and may 
be rubbed off with the hand like whitewash. Chalk¬ 
ing is common near the sea. It may be ]ireveutcd 
by adding zinc white (q.v.) to the white lead. 

Chalk Line. A long ])icce of string (on a reel) 
chalked and di-awn tight, for marking straight lines 
on long piece.s of work. 

Chalybeate Waters. Waters containing iron in 
the form of ferrou- carbonate held in solution by 
carbon dioxide. Famous waters of this kind me 
those at I lorn burg, iSpa, Tunbridge Wells, Harrogate. 

Chalybite (Min.) Carbonate of iron, also called 
SiUDBiTD. It occurs massive or in rliombohedKil 
crystals with curved faces. Usually weathers to 
a brownish or black colour. It is an imixtrtatit 
ore of iron, containing 60 jier cent, of iron and 36 per 
cent, carbon dioxide, and often a little calcium, etc. 
tit is often found as a replacement product of lime¬ 
stone, calcium being replaced by iron. Found in 
Cornwall, Alston Moor, and Cleator Moor in Cumber¬ 
land, in Saxtmy, the United States, etc. 

Chambered Core (Fomulrq). A Coke {tj.c.) 
which is larger at its central portion than its ends. 

Chamfer (Carp., A narrow fiat surface 

formed along the edge of a piw-e of material by 
removing the sharp edge or AiiJiis (y.r.) 

Chamfer Plane. A plane with guides or fences 
that can be set so as to form a chamfer of any 
required width. 

Chamfkwn (Arat.) Ihc armour for protecting the 
fore|)art of the head of a warhor-c. 

Chamois (ZcoL) Mupricapra trague (family, 
Povidec). A well known goatlike antelope of 
Houthem Europe. The skin originally furnished 
CBAMOIS LBATHBK (f/.r.) 

Chamois Leather or Wash Leather. Originally 
obtained from the chamois; now made from the 
flesh-split of a sheepskin. It is first limed, split, 
then put into machines, sprinkled with cod-liver nil, 
and pummelled, more oil being added at intervals. 
The skins are then allowed to heat until they turn 
yellow. They are then washed free from excess of 
oil. It is largely nsed in various trades and for 
domestic purpo.ses for cleaning. 

Champlevd (ETUtmel). See Cloisonne. 

Chancel (Architect.) See Choib, 

Chance’s Process (Chem.) A method of recover¬ 
ing the sulphur from Alkali Waste. See Alejili. 
There are two stages in the reactions of the process. 
Carbon dioxide is passed through a series of vessels 
containing;> the alkali waste suspended in water. 
In the earlier , vessels the carbon dioxide forms car¬ 
bonate of lim^Xwhicb can be roasted to yield fresh 


supplies of carbon dioxide) and sulphuretted hydro¬ 
gen, thus: Ca8 + H*0 + CO* - CaCO, + 8H,. This 
mixture of CO, and 8H, passes into the succeeding 
vessels, where the BH, first forms bydrosulphide of 
lime, which in turn is decomposed by the carbon 
dioxide, yielding more sulphuretted hydrogen, thus: 
(a) Ca8 + SH,=rCa(SH),; (b) Ca(SH),+ Hj,O+C0,« 
CaCO, + 28H,. The sulphurated hydrogen is collected 
in gasholders, and utilised either hj being completely 
burned to sulphur dioxide and water, the sulphur 
dioxide being nsed for the manufacture of sulphuric 
acid (q.r.), or it is burned in a Claus kiln with a 
supply of air only sufficient to form sulphur (teob- 
nicallv known as Hecovebed Sulebub) and steam, 
SH, + 0 = S + 

Change Wheels (Png.) The gear wheels em¬ 
ployed in a screw-cutting lathe to connect the 
:Mandbel (q.v.) and the Leadino 8obew ({f.«.), in 
order to produce the required traverse or motion of 
the slide rest in screw-cutting. 

Ch ang in g Notes (Mmic). Dissonant* notes used 
in counterpoint, third species, on the second and 
third beats of a bar, a third apart; one above and 
the other below the liarmony note. ^ 

Channel Inon (Eng.) Wrought iron bars rolled 
into a channel-shaped section— i.e. forming three 
sides of a rectangle. Used for girders, roofs, and 
otlier structural purposes. 

Chantry. A chaj>el, altar, or other portion of a 
church endowed for the maintenance of a certain 
number of priests to sing daily mass, generally for 
the .‘-ouls of the founders. 

Chape. (1) The metal mounting of a scabbard, 
part.iculai ly that at tlie tip, (2) The part of a buckle 
by which it is fastened to the strap. 

Chapel (Tgpeg.) A meeting or union of the men 
employed in a piinting work.^i, for the purpose of 
arranging or considering matters affecting them¬ 
selves or the trade generally. 'J’he term is thought 
to be derived from t.'axton’s cennection with West¬ 
minster Abbey, The chai’'man on spokesman is 
termed the “ Father ’’ of the Chapel, 

Chapelle de Fer (.4/on.) A plain iron helmet 
with a brim, shaped like a hat. It preceded the 
Bascinbt (q.v.) 

Chaperon. A small ornamental shield formerly 
placed on the horses’ heads at funerals. 

Chaplet cr Stud (Moulding). A metal support 
for a core in the mould. 

Characteristic Curves (Elect. Eng.) Curves used 
to show the relation between the CUBBBNT and the 
Voltage in dynamos and motons, or the relation of 
Tojbque (q.v.) and Speed in motors. Much infor- 
nuitioo as to the working of the machine can be 
obtained from an examination of these curves. See 
also iNTEBNAL and Extebnal Chakacteribtics. 

Charcoal. ' The residue from the destructive dis¬ 
tillation of wood. Wood heated to a high tempera¬ 
ture out of contact with the air, in orcier that tlie 
volatile portions may be driven off, yields very nearly 
pure carbon. Animal matter also yields a very pure 
carbon, i&te Animal Charcoal. 

- (Paint.) Sticks of willow charcoal are 

used as crayons, especially for outline drawing on 
canvas. 

Charcoal Blacking (Moulding), Finely ground 
charcoal for dusting over the surfaces of a mould. 
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ChANoal Bnmep ^Dee.') A portable giate in 
which charcoal is burned; used in burning off old 
paint previous to repainting. Is becoming rapidly 
superseded by the buming-off lamp, but is useful 
when the old painted surface is flat and of con¬ 
siderable extent. 

Ohapcoal Ivon etc.) Iron prepared in 

a furnace where charcoal is the only fuel. It is the 
finest and purest variety of iron, and of great value 
for electrical work, such as transformer cores, 
armature discs, etc. Now only made in Sweden. 

Ohaveoal Plate (Ar%.) Thin sheets of iron for 
tlie production of tin plate, made from iron refined 
with charcoal instead of with coke. 

Charge {Her,) Any heraldic figure depicted on 
a coat of arms. 

- {Met.) The mixture of ore and fuel intro¬ 
duced into a furnace at one time. 

- {Eng.) The mixture of air and gas drawn 

into the cylinder of a gas engine at one stroke. 

(Siarged {Her.) A shield is charged when it bears 
upon its surface some heraldic figure. 

Charge Electrical. A quantity of electricity at 
reSt as distinguished from a current. It is obviously 
necessary to define “ Electricity ” with exactness 
before a “ Charge ” can be properly defined, and this 
has scarcely been done up to the present. See also 
Electbicity. 

-, Residual {Eh'vt.) A small charge which may 

usually he ohtained from a Leyden Jab or other 
COKDEX.SKB {q.r.) after it has been discharged once. 
Frequently several residual charges may be obtained 
in succession, gradually diminishing in amount until 
too small to be detected. 

Chariot (Arehteol.) The earliest and most primi¬ 
tive form of carriage, consisting generally of a low 
platform on two wheels and a raised and curving 
protection in front. 

Charles’ Law {Heat). The volume of all gases 
varies as their absolute temjicrature {q-r.) if the 
pressure remain unaltered. Expressed algebraically 
we get, if Vt iffld Vo arc the volumes at t° and O®, 
respectively (on the Centigrade .scale) 

_ 27:5-ft 
Vo “ 27:5 

The same law may be express<‘d by the statement 
that all gases have (approximately) the same co¬ 
efficient of expansion, which is about '00.367 of the 
volume at 0®C. 

Charlton White {Dec.) k valuable white pig¬ 
ment. See Oeh’s Zinc White. 

Charm {Arcliaol.) See Ahulet. 

duuie {Build.) A channel cut in a wall to receive 
pipes, etc. 

- {Typog.) An iron frame for holding type 

when set up for printing. 

Chaaed. The term is applied to metal or plate 
embossed and engraved in relief. * 

Chase Mortise {Ca/rp. and Java.) A mortise with 
a sloping surface to slide a tenon into. 

Chaser {Eng.) A tool msed for cutting .screws by 
hand in the lathe; rarely used except in light work, 
such as that of opticians, who have to out fine screws 
on thin brass tubing. It consists of a fiat blade 
having a number of teeth at the end, which oone- 
smnd in shape to the grooves lietween the threads 
of the screw which it is required to cut. The chaser 
is moved along the top of the T-Rhst («’.»'.) as the 


work rotates in the lathe. To adjust the mte at 
which the tool must be moved at first in order , to 
** strike ” the thread requires considerable skill.; bitt 
when the thread has once been started, the finidiing 
process is not very difficnlt. On this acconnt the 
chaser is often need for finishing off a thread wbioh 
has been struck or started by means of ^OOKB AND 
Dibs {q.v.) or by other mechwical means. 

Chase Wedde (Ph mibing, etc.) A hard wood 
wedge with a Handle. Used for bossing sheet lead. 

Chasing {Eng.) The process of catting screws 
with the Chaser {q.v.) 

Chasuble (f7<irt.) The chief ecclesiastical vest¬ 
ment, worn by all grades of the clergy. Its original 
form was a circle, with a hole in the middle for the 
head to go through; but later the sides were cut 
away to give freedom to the arms. It is worn over 
all other vestments. 

Chatter {Eng.) The wariness produced on the 
surface of work by vibration of the tool, etc. 

Check {Eng.) (1) A general name for a joint in 
wliich one part fits into another. (2) A disc on 
which is marked a number assigned to each work¬ 
man for convenience in timekeeping. The check is 
loft at the timekeeper’s office by each man on 
entering the works. 

Checking Motion ( Cotton Weaving). A mechanism 
for automatically changing shuttle boxes on a loom, 
so that shuttles containing different colours of weft 
may bo brought into action to give any desired 
colouring or check effect. Two distinct systems 
are in use; (1) Rising and falling boxes. (2) 
Revolving boxes. 4 

Check Nut or Lock Nut {Eng.) A subsidiaiy nut 
screwed on a bolt on top of the ordinary nut to 
lessen the chance of its working loose. 

Check Pattern {Textiles). Applied to all patterns 
I consisting of squares, whether of colour or weave. 

Check Rail (£>ty.) A third or subsidiary rail laid 
on the inner side of a sharp curve on a railway; it 
just touches the side of the ilange of the wheel, and 
relieves the pressure on the outer raiL 

Check Valve {Eng.) A valve which prevents the 
escape of water through the feed pipe of a boiler. 

Cheeky {Her.) A shield divided into small 
squares, generally six rows, sometimes less, the 
squares being alternately of differmit tinctures, like a 
chessboard. 

Cheek {Carp., etc.) (1) The piece forming the 
side or jaw of a carpenter’s bench screw or vice. 
(2) A general term for the sides or flanks of various 
objects, e.g, the sides of a tenon. 

Cheese {Foods). Prepared by curdling, by moans 
of some kind of acid, whole milk, skimmed milk, or 
milk to which cream has been added. Re.vmet 
{q.v.), which is obtained from the fourth stomach of 
the calf, is genersdly used for the purpose. Cheese 
is highly nutritious, containing a large amount of 
proteids and fat. A substance call^ Annatto is 
much used for colouring cheese. Cheshire, Cheddar, 
and doable Gloucester cheeses are made from whole 
milk, and Stilton from a mixture of milk and cream, 

Chelsea. The Porcelain Manafactoiy aA Chelsea 
was established about the year 1745. In 1769 the 
business and the works were sold to WilliaiQ Duesbory, 
of Derby, and the manufactory was .jslosed in 17K4. 
During its forty years of existence the Chelsea factory 
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produced some of the most beautiful of English 
Soft Pastk. The porcelain was celebrated for its 
beautiful glaze, its brilliant colours, ilue painting, 
and rich gilding. The Dabk Blvjb of Chelsea is 
especially famous. For marks, see vnder Pottbby 
AND POBCBLAIN. 

Ohemioal Action. Wlien one substance or when a 
number of substances react under such conditions 
that (me or more new substances are produced, 
chemical action is said to have taken place. The 
oconirence of chemical action is de^ndent on 
many conditions; e.y. (1) Temperature: e.g. arsenic 
pentechloride can be made by passing chlorine into 
the trichloride below — 25*’; above this the penta- 
ohloride cannot exist.' (2) Preximre: e.g. in Brin’s 
oxygen process (?.r.) barium dioxide is formed at 
700® under a pressure of two atmosplieres, but at the 
same temperature it is decomposed under a pressure 
of a few inches of mercury. (3) Mau.t; e.ff. when 
steam is passed over red hot iron the magnetic oxide 
of iron (Fe,0,) is produced and hydrogen liberated; 
but if hydrogen is passed over heated magnetic oxide, 
iron and steam are produced. Hence it is clear that 
for a given mixture of iron and magnetic oxide the 
direction the reaction will take will depend on the 
relative masses of steam and hydrogen passing over 
the mixture. (4) Zighf; equal volumes of hydrogen 
and chlorine may be kept mixed together in the 
dark indefinitely, but light brings about union 
bet ween them, (t) Cutatytie Aetmt. Catalysis. 

Chemioal Affinity. See Affinity, Ohbmical. 

Chemical Engineering. See Physio-Chbmical 
ENaiNBBBlNG. 

g Chemical Equations. A chemical equation is a 
collection of Chbmical Fobmula: (ij.r.) '^n 
arranged as to indicate what .‘lubstances take 
part, in a reaction and the relative amount of eacli, 
and what substances result from the reaction and 
the relative amount of each,; also an equation 
always an expression of the principle of the 
iND^TItUOTiBILlTY OF Matteb ; e.g. Zn + TT.^SO, 
a* ZnSOj + Hj indicates that 65 1'}' weight 

of zinc acted on by 98 parts of sulphuric acid will 
give 161 parts of zinp sulphate and 2 (sirts of 
hydrogen, i,e. (65 + 98) =(161+ 2) : but the equation 
does not indicate whether heat inii.st be applied; 
whether heat is evolved or absorbed; that the acid 
must be dilute; and the zinc in ooutaot with a less 
easily oxidised element (carbon, iron, copper, or 
platinum) than itself. Sometimes instead of the 
sign of equality —, the sign $ is used; the latter 
sign means that the reaction will take place in 
either sense acconling to the conditions, i.e. the 
substances denoted by either of the two sides of the 
equation may combine to produce those on tlte other. 
See Chemical Action. 

Ohmnical Formula. A formula is a group 
of Chemical Symbols (j.®.) intended to denote 
a particular oonqiound : the formula also always 
stands for one molecule of the compound and 
therefore a certain relative weight of it, and from 
the symbols composing the formula we learn what 
elements are contained in the compound, while from 
the numbers suSixed to the symbols wc learn the 
number of atoms of each element in a molecule of 
the compound. A formula which tells us no more 
than this is an Empibical B’cemula Oj.v.) A 
formula so written as to indicate some of the 
reactions of formation or decomposition of a 
compound is called a Conjstitbtional Foemcla. 
A formula so written as to show the supposed 


mode of union of ail the atoms in the molecule of 
the comxionnd with each other is called a Gbaphic 
Fobmula : e.g, H^SO, is the empirical formula for 
sulphuric acid ; HO,(OH)^ is a constitutional formula, 
and suggests, among other things, that it is a dihasUs 

acid. is the graphic formula, and, 

ignoring special considerations, represents the 
probable mode of union of the atoms in the 
molecule*. See aim Stbbkoisohbbish. 

Chemically Formed Roeka. As the term is 
usually ouipluyed these comprise but a small 
variety of rooks, of which the chief are iiocK 
Salt, Gypsum, and Dolomite {q.v.) Strictly 
speaking, these shodld bo regarded as Minbbals 
ratlier than Rocks {q.r.) 

Chemical Pulp {Paper Muaufac.) Ihilp made 
from wood or other crude cellulose by treatment 
with caustic soda or bisulphite of lime. 

Chemioal Symbols. A chemical symbol is a letter, 
or two letters, used to denote a particular element, 
and it also denotes one atom, and consequently a 
particular relative weight of the element. When the 
symbol, not being joined to other symbols, has. a 
number suffixed to it, the number indicates the 
number of atoms suppose<l to be united to form t he 
molecule of the element. Thus H stands for 1 Atom 
of Hydrogen ; for 1 Molecule of Hydrogen, 
llg stands for 1 Atom of Mercury {Laf, Hydkak- 
oybum) and also for the Molecule of Mercury. 

Chenille {Fabric). A figured pile fabric, such as 
tablocovers, curtains, cari^ts, composed of chenille 
weft yarn. 

- {Thread). This is a woven fringed thread, 

consisting of a few cotton or foun<lation tliroads t(( 
which the weft is added in a prescribed order of 
colouring. 

Cheniacus {Arrlueol.) The termination of the stern 
or prow of Greek and Roman ships which turned up 
like a goose’s neck and frequently had a goose’s 
head carved at the extremity. 

Chequers {Fng., etr.) (1) 4’rojecti«>na of 
recdingular or diamond shape on plates of motal 
forming a floor. (2) An ojHjnwork arrangement 
of brickw'ork through which the hot gases pass 
in RE<}BNEBATIVB FL'BN.iCES {q.r.) 

Cherry. The stone fruit of Prunus oeraeus (order, 
Jliimcea-). S-e aim Woods. 

Cherry Coal. &‘e Coal. 

Cherry Red. A bright red heat (?.■».) 

Chert {(ieul.) U-xiially occurs in the form of 
ccncr(‘tionary nodules in limo.stoue in the same 
manner a.s flint occurs in clialk. Both flint and chert 
consist fuiKlaiuentallv of a mixture of opaline 
and cryptocrystalline .silica, which is known as 
Chalcbdo.vy {q.v .); but various imparities are 
pre.scnt in both. Those in chert arc u-Hually more 
or less calcareous. 1 ,ike flint, cliert has been fonned 
from w(;ak sSlutions of silica derived in the first 
instance from organic structure, such as the siliceous 
sjjiculm of sponges. 

Cherub {Art.) The bead of a beautiful child 
angel, winged at the neck. 

Chessylite (Mia.) A synonym for Azubite (q.v.), 
derived from Ghessy in France, an imiiortant locality 
for the mineral. 

Chest {Fwrn.) A hu^c box or coffer. A very 
common article of furniture in the middle ages; 
often made of oak and carved. 



CHS 


101 


CHI 


CSiMtBUt. Ctutaaiea vid^aru (order, Ihgaoece). 
The sweet cliestnut is of value not only for its 
edible fraiti^ but also for tne bark, used as a tanning 
ag^int. The prepared saplings form the walking 
sticks known in the trade as " Congo sticks.” 
See alio WOODS. 

Cheval de Frlie iArcMteet.) A wood or iron bar 
from whioh spikes project. It is frequently used as 
a means of protection on ground floor window sills 
and on parapet walls. 

Cheviot (Woollen Jfanufai^.) A fancy woollen 
fabric made largely of cheviot and cross-bred wools. 

Chevron (Arehiteet.") A repeating ornament used 
on Norman mouldings. It lie also known as the 
ZidZAO, a name which indicates the form of the 
ornament. 

—— (Tier.) One of the honourable ordinaries. 
Formed by two bands one-fifth or one-third the 
width of the shield, issuing from opposite sides of 
the base of the shield, and joined rather above the 
centre. • 

Chevronel (Her.) Diminutive of the chevron. 

•ChevFonny (Her.) Lines or bands in form of 
clievrons dividing a shield. See Chbvbon. 

Chiaroscuro (Paint., etc.) The distribution of 
light and shade in a picture. (1) The ait of estab- 
lisbiug a right relation lictwecn the jiart.s of a picture 
which are in liglit and those which are in shadow, so 
that a proper degree of form-definition and tone- 
gradation may be obtained. (2) As a factor in com¬ 
position, (the division of the area of a picture into 
light and dark surfaces so as to produce an agreeable 
optical effect and an attractive pictorial pattern. 
Tne study of chiaroscuro was based ujvin the atten¬ 
tion given by the groat artists of the Kenaissance to 
modelling— i.e. to the use of shading, by whicii a 
correct imprewsion of variations of jirojcction and 
recession could be created. The chief masters of 
chiaroscuro were Tlcmbrandt, Titian, lUibcns, and 
Doreggio. The term was, at one time, applied to 
pictures in which only two colours were employed, 
black and whife. 

Chiattolite (Min.) See A.ndalu.sitk. 

Chicory (Foods). The powdered root of a wild 
endive (Ciehoriinn inti/biis). Chicory differs from 
coffee in containing a much larger quantity of sugar, 
a smaller amount of fat, and no caffeine. Kubstances 
used to adulterate coffee may be employed to adul¬ 
terate chicory. It is generally added to coffee, the 
mixture being readily detected by examination with 
the microscope. 

Chief (Her,) The most honourable ordinary. 
Placed at the head nr top of a shield, ami occupying 
one-third of the field. Formeil by one horizontal 
stiriight line. 

Chiesa (Mmic), Sec CAMtrBA. 

Chili Copper (Min.) Ore contiiining black oxide 
of copper. 

Chill Bal^tre or Caliche ( Chem.) Sodium 
nitmte, found native in t'hili and largely exported 
as a nitrogenous manure and for use in various 
chemical manufacturing processes. 

Chill (Hng.) A metallic mould used for ('HlLLixo 
(q.v.) 

Chilled (Paint.) The varnish on a picture will 
become clouded and dim when hung in a damp 
atmosphere; it is then said to be chilled. 

CadUiei. See Capsicum. 


OhiUing (Htkg.) The hau'dening of a casting by 
the use of a mould made of m^al. Only ce^Q 
kinds of cast iron can be successfully obillM ; When 
properly done, a very hard surface is produced. 


CUiiimera, Chimera 

breathing monster com- 
posetl of various parts 
of different animals— 
viz. a lion’s head with 
wings, the body of a 
goat, and the tail of a 
<lragon; or other fan¬ 
tastic combinations. 


(Myth.) A fobulouB fire- 



CantJBBA, Lycian Tbriucoita, 
Bamsa Husxuu. 


Chimney (Hygiene). The chimney plays an im- 
irortant part in the ventilation of rooms, being a 
powerful extractor. When a fire is burning in the 
grate, a constant current of air passes up the chim¬ 
ney at a rate varying from 3 to 6 ft. per second. 
Chimneys are often tapped near the ceiling for the 
insertion of outlet ventilators, such as Boyle’s and 
Amott’s valves. See Aspibation, Ventilation bt, 
and Ventil.\tobs. 


Chimney Bar (SuUd.) A bar of iron snpporting 
the brick ring (arch) of a fireplace opening. 

Chimney Bond (Build.) The Bond or mode of 
laying the bricks used in the Withes (q.v.) of 
ithimneys; all the bricks are laid as Stbetchsbs 
(q.v.) 

Chimney Breast (Build.) The part of the walls 
containing the Hues, and projecting into the room. 

Chimney Shaft (Build.) (1) A tall chimney 
containing one flue. (2) A factory chimney. 

Chimney Stank (Build.) A chimney containing 
number ot flues grouped together. In engineering 
tlie term is often applied to a single lofty shaft, 
though chimney shaft is more cxirrect in this case. 

China (Pot.) (1) A species of earthenware, 
s<*tni-tr.ansparent, first manufactured by the Chinese. 
(2) Any imitation of that ware. See BOttcheb 
Wahl, 1’otteby and 1’okcelain. 

China Clay or Kaolin. A pure form of clay 
resulting from the prolonged action of subter¬ 
ranean water upon feLspars, chiefly those which 
contain p&tash. China clay is not simply the result 
of the weathering of felspar, as is often thought to 
be the caso. It is of considerable importance in the 
arts not only for the manufacture of china and porce¬ 
lain, but also as an excellent pigment, requiring only 
Icvigation and dr^’ing to tit it for use. It is largely 
employed in the manufacture of paper, as a filler, 
and as a base in the manufacture of Lakes (q.v.) 
S'e also Alumina. 


Chinchilla. Chinchilla lanigera (family, Chin- 
ehillidtc). A small squirrel-like rodent belonging to 
South America. I'he soft fur is greatly valued. 

Chln4 (Sil/i). A silk fabric having a printed 
figure of somewhat hazy, undefined api)earance. The 
silk is first warped and passed through the loom, 
receiving a few loose picks at interns of about 
12 in.; it is then removed from the loom and 
printed, after which the Holding Weft (q.v.) is 
removed, and it is again placed in the loom and 
woven up with Tabby Tib (s'.!* ) 

Chinese Paper. Sometimes called India paper, 
manufactured from the bamboo fibre. It is very fine 
and of a pale yellow colour. 

Chinese Red (Bee.) Another name for Derby red 
(q.v.) 



CHI 


10 ? 


CHL 


ChineM Wax. See Cbbyl Alcohol. 

Ghinase White (Pa-inf.) A piraent used by 
artista, consisting -arholly of Zinc White (q.p.} It 
is employed both in oil and wateroolonr painting. 

Chippendale Bonk Platei. This name has been 
given popularly to the book plates issued between the 
middle and end of the eighteenth century. They 
possess the following characteristics, as given in 
Warren’s Guide: “A frilling or border of open 
shellwork is set close to the rounded outer margin of 
the escutcheon. It is, in fact, a border imitating the 
pectinated curves and gi-ooves on the margin of the 
scallop shell.” It was studiously asymmetrical, and 
in latter days it -was enriched (some !<iy debased) by 
the addition of flowers and fniit>, or animals, real or 
mythological. “Chippendale” must not be con¬ 
founded with “ Itocaille ” or “ Rococo." these being 
French in character; whereas the first named may be 
considered national. 


Ghippwdale Furniture. A generic term includ¬ 
ing originally only chairs, stools, tables, bedsteads, 
firescreens, and mantelpieces, made by Thomas 
Chippendale, whose father, of Worcestershii-o 
descent, came up to London and settled as a cabinet¬ 
maker at No. do, St. Martin’s I.sme, excelling as a 
carver of nnrror frames. Thom.-ts Chippendale. 
“The King of Designers,” pllbli^hed in 17.)i The 
(rcntleman and i'ahmet Mah'r'» JJieertor, containing 
some two hundred designs. While the vocih’o stylo 
of Louis XV. is rcllect<'cl in his bombi fronted 
commodes, and a few of Ins chairbacks; -while, again, 
some of the hitter are based on Sir William 
ChamlKjrs’ Chinese style, Chip];)eudale, nevertheless, 
founded a style of his own. lie ga\e to his beokcase.s 
tind clothes pre8.ses “ different” or -odd" doors, to 
his tables and 


moulded chair legs 
“ different" feet. 
Up divided glass, 
wliere used, un¬ 
equally. It is essen¬ 
tially as a designer 
of chairs that he 
appeals to us. 
Actual Chippendale 
w^ork is in mahogany 
vrithovt inlay. The 
-wood was carefully 
selected and well 
seasoned. Frets 
were made V>y glu¬ 



ing together several Cn ii>PKN-PAi.r. Cua in (Back). 

thin pieces with the 

grain running in different directions, thus forming 
a strip giving immense strength, an object furtln-r 
secured by joining the “ sjdat ” of the chair into the 


I 

I 

I 

I 

I 

i 


I 

I 


framework—a plan .since neglected. The choice 
features of the chairs consist of the carved scroll 


and interlaced “ribband” backs, and tiic elalioratoly 
sculptured cabriole legs. Equally famous are the 
“claw and ball*' legged chairs, with fmclj- carved 
“.shell and ribband” knee joints. In tin- armchairs 
the arms often end in lioms’ or goats’ heads, doli>hins 
or dragons, or curved endive scrollwork. (Fine 
examples are to be seen at Sir John Hoanc's Museum, 
where are eight chairs, the 8[)lats inlaid with 
mother-o’-pearl; Tallow Chandlers’ Hall, wlicre arc 
thirty-six ctiairs, with fluted legs; and South 
Kensington Museum, wrhich contains some thirty 
spemraens—Viedstead, mantelpieces, tables, armchairs, 
chairs, and firescreens.) Fraudulent arms have been 


added to many of Chippendale’s chairs; these may 
be recognised by the almost straight designs, which 
should be finely shaped and gracefully curving. The 
term Chippendale furniture has now an elastic 
significance, being applied to any fnmitare in the 
peculiar styles of the “ Director,” or even of the 
eighteenth century generally. See aUo t^HEKATON. 

Chipping Chisel iEng.) A Cold Chisel {q.v.) 

Chiretto. Ophelia ohirata (order, Oentianaceat). 
The dried plant is imported from India and used in 
medicine as a bitter tunic. 

Chisel. An iron or steel tool with sharp bevelled 
edge, used in many trades. 

Chiton (Cost.) Tfee undergarment or vest which 
was worn both by men and women in ancient Greece. 

Chittagong Wood. See Woods. 

Chladni’s Figares (Sound). Figure.^ formed on a 
flat plate when sand, or any fine (jowder is 

scattercfl on it, and it is .set in vibration by a violin 
bow applied to its edge. The dust collects along the 
lines of least vibration, or Nodal Lines (q.v.) 

Chlamys ( Conf.) A cloak worn in ancient (Greece. 
It was oblong in form, ami the usual method pf 
wearing it was to arrange one of the shorter sides 
round the neck, fastening the ends on the’ right 
shoulder by meams of a clasp, thu.s allowing the 
garment to hang down in front and at tin* back. 

Chloral or Trichloracetaldehyde (Obrm.), 
rciat 'HO. A colourless, oily, pungem-sinelliiig liquid; 
boils at 97^ It has the rcjwjtions of an Aldehyde 
(q.v.) Treated with alkali.--,it Yields chlordtfoim and 
a formate, COLjt.’HO -i- KaOIl = CClall + HCOONn. 
VVitli water it forms a well crystallised solid, 
(’HLOBAI. IlVT>nATE(y.?'.) It is pioparod by passing 
e'lilorine into alcohol in the cold at first; then, 
when the chlorine is less readily ab.-sorbed. in heat. 
I'he produc t .so obtained i.s (.’hi.obal AlcoholATE, 

t't'yil .and the operation la-t.s about a fort¬ 

night. This hubstanoe is decomposed by sul)>hurio 
acid, .setting free chlonal. whicti eau be separated 
and imrilied by dLstillation. • 

Chloral Hydrate ((’/»<■«(.), CCl,cn ■ Forms 

colourle>s ])risraatic crystals . lias a smell resembling 
that of a melon: .lccom]>osod by heat into its eon- 
.stituents, water and chloral. It is made by adding 
the prop(!r amount of water to cliloral and allowing 
to crystallise. It i.s extonsiiely used as a hyimotic 
(sleep producing) agent, but it is a powerful jioison. 

Chlorantl or Tetrachlorquinoae (f'hem.) Yellow 
cry.stalline plates which 
sublime without melt O 

iiig. It results from C 

many benzene deriva¬ 
tives, such as jdienol 
and anilijui, when tlicy 
are simultaneous] \ 
chlorinated and oxi¬ 
dised, as, for example, 
by hydrochloric acid 
and potassium chlorate. 

It is used as an oxidis¬ 
ing agent in the pro- 
paration of a number O 

of dyes. CitLOBANlI.. 

ChloratoB (Ohem.) Balts of Ohlohh; .'Void, HCIO, 
(q.r}) All chlorates are .soluble in water ; on heating, 
they evolve oxygon and a trace of chlorine, leaving a 
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chloride behind. The most important chlorates are 
those of potassiom, sodium, barium, POTASSiiru 
and Sodium Comfounos. 

Ghlwhydriiu (Chem.) Chlorides of dibydric, 
trihydric, etc., alcohols. Thus ethylene cblorhydrin, 
CHjCl 

I is derived from the dihydric alcohol glycol, 

CH,OH 

CH,OH 

I by the replacement of one hydroxyl grbup 

CH,OH 

by chlorine. 

Chloric Aoid(C/(sm.),HC10,. Is only knoivn insola¬ 
tion in water. The solution has^i pungent smell, and 
is a powerful oxidising agent which sets fire to many 
organic bodies, such as pai)er or wood; it may bo 
obtained by adding the calculated quantity of 
sulphuric acid to a solution of barium chlorate. 

Chloride of Lime, (Gfiem.) See Bleaching 
Powder. 

ChloridoB (C7tem.) Arc (1) compounds of ele¬ 
ments with cbhirine; (2) compounds of alcohol 
ratiicals (an alcohol minus the OH group or groups) 
with cliloiine; (3) comi>ouuds of acid radicals (an 
acid ifiiuus the Oil group or grtnips); (1) compounds 
of certain other radicals with chlorine, in this article 
only t!ie Arst of the aliove groups is dealt witli; the 
other cltlorides will 1)0 dealt witli individually. The 
chlorides of the non-niet.'illic elements are gases oi- 
liqukls, and mttst of them are ilecomixised by w’ater, 
giving uids; they aiv ntit* salts. The metallic 
cltlorides are liquids, or solids; a few (those of anti¬ 
mony and bismuth, for exaiiijile) are flet'omposed by 
water, giving Oxyciilohides. while the rest are not 
decomposed by water, most of them being di.ssolved 
by it-only silver and mercurous chlorides being 
practically insoluble in water. Cltlorides may be 
obtiiined : (I) by direct union of the- elements; (2) 
in case of many metals Ity solution of the metal, its 
oxide, hydroxide, or carbonate in hydrochloric acid; 
(3) by double decomposition—c.y. the chlorides of 
Jcjiil and silviat and mercurous chloride by adding 
a soluble chloride to a solution of tlic corresponding 
nitrate ; (4) those of boron, silit-on, aluminium, and 
chromium by passing dry chlorine over a strongly 
hetited mixture of the oxide and carbon. 

Chlorine, Cl. Atomic weight, A greenish- 

ellow gas with powerfully irritating smell; very 
eavy (2-5 times as heavy as air); soluble in water 
(1 vol. water at tlte ordinary temperature and pressure 
dissolves 2 5 vols. of chlorine), Beiow'.lO'’ the saturated 
solution deposits crystals of a hydrate, 01,811,0, 
This gas was tiie Arst to be iiquelied, as the operation 
is easily effected, Tt unites directly with most 
elements, forming chlorides. Pho.'p'torus and arsenic 
and some other substances burn in it. Water is 
decomposed by it under the inOuence of light, form¬ 
ing hydrochloric and byi>ochlorous acids. It reacts 
with most oiganic compounds, either displacing 
hydrogen or adding itself directly to the compound, 
or in a feiv case.s setting free the carbon : e.t/. 
acetic acid, CT1,C00H, gives monochloracetie acid, 
CH.ClCOOn ; ethylene, OjH^, gives ethylene chloride, 
C„n^Cij,. Borne hydrocarbons treated with an excess 
ot chlorine in bright sunlight give cafbon and 
hydrochloric acid gas; such are marsh gas, (OH,), and 
ethylene, (C,H^), while turpentine gives the same 
result without sunlight. The gas can be obtained 
by heating manganese dioxide with hydrochloric ^id 
or any other peroxide; also by heating potassium 


permanganate or dichromate with the same acid; 
also by acting on bleaching powder ^.v.) witfi an 
acid, and in many other ways. See Diuook’b 
Pboobss. The principal uses of chlorine are: (1) 
In bleaching (q.v.) it bleaches in virtue of its action 
on water: 01, + HjOi=2HCl -r 0, the oxygen liberated 
being the effective agent—oxidising the colour to a 
colourless compound. (2) In the extraction of gold. 
(3) In the preparation of many important organic 
compounds. See Chloral Hydrate. (4) As a dis¬ 
infectant. It is best applied for room disinfection by 
washing the walls with a 1 per cent, solution; the 
washing should be repeated two or three times. A 
preparation known as “Chloros,” which contains 
10 per cent, of chlorine, is also a good disinfectant. 

Chlorine Carrien (^Chem.) Iodine, the penta- 
chlorides of antimony and molybdenum, ferric 
chloride, all in dry state, have the power of greatly 
accelerating the action of cldoiine on certain carbon 
compounds; they are called chlorine carriers. 
Carbon disulphide is readily converted into the 
tetrachloride by chlorine in presence of antimony 
pentiisulphide. Nitrobenzene readily gives meta- 
chlomitrobenzene when treated with chlorine in 
presence of ferric chloride; without the ferric 
chloride there is no action at all. 

Chlorine Monoxide ( Chem.'), Cl^O. A yellow gas 
with irritating suudl: explodes on heating, also on 
contact with organic matter such as sugar or tur¬ 
pentine. Its.'olution in water forms Hypochlorocs 
Arm (jr.r.) It is obtained by passing chlorine 
over cold dry yellow mercuric oxide. 

Chlorine Peroxide {Chem.), (UOj. A yellow gas 
with perfectly eliaracteristic. smell; readily explodes 
on heating and on contact with organic matter; very' 
soluble i" w’ater. Obtained by very cautiously heat¬ 
ing potassium chlorate with sulphuric acid; also 
obtained, mixed with chlorine, by the action of 
hydrochloric acid on potassium cldorate. 

Chlorite Schist {(feel.) Usually a dynamically 
formc<l rock whose parent mass was one containing 
a largo proiwrtion of one or more of the Ferbo- 
i M.AGNBSIAN SILICATES (generally an amphibole), 

I I’crcolating waters have changed the composition of 
these latter, and the differential movement of parts 
of the rock mass caused by earth-creep has given rise 
to tlie Schistose Structure {q.r.) 

Chlorite Slate (Ceol.) Slates coloured pale green 
by iron in the ferrous condition are often spoken of 
under this imme. Jlo.st of tlie rock now remaining 
vvhich has been called “Chlorite filate" is really 
Chlorite Schist (q.r.) 

Chloro DerivativeB (Chem.) These are the 
chlorine substitution products of organic compounds, 
t’.y.C'HLOBOBEN2ENB,CgHsC], is derived from benzeme 
hy nqilacemcnt of an atom of hydrogen by an atom 
of clilorine. See Ubomo Perivatites. 

Chloroform or Trichlormethane (Chem.), CHCl,. 
A lieavy, colourless, sweet-smelling liquid; boils at 
is slightly' soluble in water; an excellent 
solvent for many organic substances. It is a jiower- 
ful anaesthetic when inhaled. In presence of air and 
light it is oxidised to Carbonyl Chloride (q.v,), 
a dangerous gas to inliale; 1 per cent, of alcohol 
preserves it. Heated with alcoholic potash it yields 
potassium formate; with alcoholic jiotash and ^ 
amine (e.g, aniline) it yields the nauseons-smetUng 
IsoCYANIDES (q.r.) This reaction serves as a test. 
It is obtained from Chloral (q.v.) ; also by distilling 
a mixture of bleaching powder, water and alcohol on 
a water bath. 
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Chlorophyll {Botany). The greea colouring 
matter of plante. The pigment can be extracted 
fn>m vaiioos leavee, and is need as a delicate 
colouring agent forprarfnmes, essences, etc. 

Ghloroplastid {Botany'). The agent in assimila¬ 
tion or Photo-S'tsthesis {g.v.) It is a protoplasmic 
body holding a green pi^ent, cliloropbyll 
which by its action upon light supplies the eneig^ 
needed for assimilation. 

Chooklntf {Mmiug). See Chocks. 

OhoeinT.;Viainy). Supports loosely built in to 
support the roof of a scam when the coal is lemoved. 
The process is called Chockino. 

(Biolr {Arehitert.) The part of a church to the 
east of the nave, and often separated from it by a 
screen. It is used by the clergy and others assisting 
in the services, and is also known as the Chasgbl. 
See Nave. 

Choir Organ (JAmc). That part of an organ 
chiefly used in accompanying the choir in the softer 
parts of the service, and connected with the lowest 
keyboard of three-manual organs. 

Choke Damp {Mining). Cabbokic Acid Gas 
(Sf«) 

Choking Coils {Meet. Eng.) A coil of insulated 
wire of low resistance, wound on a core of laminated 
iron or iron wire; it possesses a large imiJedance 
^.<p.), and is therefore often called an Impedance 
Coil. It is joined up in series in an alternating 
current circuit to prevent too large a current from 
flowing through the circuit. These coils serve the 
same purpose as a resistance does in a continuous 
current circuit, but do not cause any appreciable 
waste of power if they are properly designed. The 
size of the core and the number of turns on the coil 
are determined in a manner similar to that adopted 
in designing a Tbansformeb (^.c.) 

Gholeaterine {Chem,.), Forms shining 

crystalline plates; soluble in alcohol, ether, and 
chloroform. Said to be an alcohol. It occurs in 
nervous tissue and in bile; galLstones are often 
composed nearly entirely of it. It.s chloroform 
solution, shaken with concentrated sulphuric acid, 
turns red, then violet, while the aedd acquires a green 
fluorescence. 

Choline 

• OH 

{OxyethyUrimethylammoninm Jtydroride). A thick 
liquid (crystaUises with difficulty), very soluble in 
water ; it has a bitter taste. It is a powerful alkali, 
forming salts with acid.s—even carbonic acid. It is 
a Ptomaine (?.r.), and is found in decaying corpses, 
also in pure cultures of the cholera bacillus. It is 
not very poisonous, being similar in its action to 
Moscabine {q.v.), but in mtich smaller degree. It 
is a splitting product of lecithin, a substance found 
imall nervous tissue. It has been made artificially 
by the union of ethylene chlorhydrin {tee Chlob- 
HYDBiNS) and Tbimbthtlaminb (q.v.) 

Glu^iiM {C'ott.) A high wooden clog or patten 
worn on the feet. Chopines were worn in England 
during the fifteenth and sixteenth centuries, being 
introdneed from Venice, where, among ladies, the 
height was regulated by the rank of the wearer. ** 

Cbopagie Monument (ArehUeat.) A monument 
erected in honour of the victorious Choragns {q.v.) in 
a Greek choral competition. The Choragic monu¬ 
ment of Lysicrates at Athens is a fine example. 


Chomgiiun (AreAaol.) The apartment where the 
chorus was trained in a Greek or Boman theatre, or 
the space where the choral dance was p^ormed. 

Chorals, Choregus {AreAwol.) (1) In ancient 
Greec.e the leader or superintendent of the chorus. 
(2) The title of a functionary connected with musical 
studies in the Duiversity of Oxford. 

Chord {Geom.) A straight line which joins the 
ex^mitie.s of an arc of a circle or other curve. 

- {Mutic). Two or more notes sounded to¬ 
gether. 

Chorul. In ancient Greece a band of singe» and 
dancers who jierfonued at festivals and in the 
drama. • 

Chromate of Lead {Min.) A synonym for 
Cbocoisite (q.v.) 

Chromates {Chem.) Salts of chromic acid, 
(HsCrO,). See I’OTAHBIUU Chbomatb a/td DlCHBO- 
MATE, under roTAHSiDM Compounds; and Lead 
C uBOMATE, tifider JjEAD Compounds. , 

Chromatic Aberration {Bight). Since the focal 
length of a lens depends on the index of refraction 
(j.p.) of the glass, it follows that there will 'in 
general be different foci for light of diflerc^ wave 
lengths. Thus an ordinary simple lens will have 
a focus for violet rays which may be separated by 
a considemble distance from the" focus of tiie red 
rays, while the foci of the remaining colours of the 
sp^trum will be between these two point.*!. This 
dispersion or separation of colours is termed chro¬ 
matic aberration. It may be corrected by gpmbining 
two or more lenses, forming an .\chbomatic TjENS or 
Combination. The commonest form consists of a 
convex lens of crown glass and a concave lens of 
flint glass placed in contact. Hucli a combination 
can be raJide achromatic for two colours only— e.g. 
it may bring red and violet rays to a common focus; 
but if we required rays of a third colour to be brought 
to the same foens, we should require a third lens. 
In piractiee, lenses required for ''•i.'<\ial purposes are 
usually achroiuatiscd for rays in the orange-red and 
the green-blue parts of the spcctruRi; wliUe lenses 
requireil for jihotography are achromatised for rays 
near the violet end. 

Chromatic Chord {Mntie). A chord having one or 
more notes foreign to the diatonic scale. 

Chromatic Notes {Mutie). Those altered by acci¬ 
dentals. 

Chromatics. The theory and science of colours; 
the branch of optics that treats of the properties 
of the colours of light and of natural bodies. See 
CotouB. 

Chromatic Scale {Mutic). Consisting entirely of 
semitones. 

Chrome Alnm {Chew..) See Chbohium Com¬ 
pounds. 

Chrome Green. {Dee..) A permanent n-een con¬ 
sisting of oxide of chromium. See alto Chbomium 
Compounds. 

Chrome Iron Ore. . See Potassium Dichbomate, 
UTider Potassium Compounds. 

Chrome Leather. Leather of all kinds which 
has been tannpd with chrome salts instead of with 
vegetable tanning materials. 

Chrome Ochre (fi/ln.) A clay containing a mixtinre 
of the sesqui-oxides of chromium, and occurring in 
association with Chbomite {q.v.), from the decom¬ 
position of which it probably results. 
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Oiinnae Red. See Lead Chbomate, under Lead 
Compounds and Debbt Bed. 

Chrome Yellow (Dee.') The most useful yellow 
of the decorator. It consaeti of chromate of lead, 
and is made in various shades, such as “ primrose ” 
(the lip'htest), “ lemon,” “ middle,” “ deep,” etc. May 
be mixed with other pigments, excepting those 
containing sulphur, such as ultramarine (gx.') and 
cadmium yellow (jy.e.) 

Chromite (Mn.) A chromate of iron, aluminium, 
and magnesium (FeO,MgO)(Cr,_,Oj,, Al^Ojl containing 
40 to 64 per cent, of Cr^Oj,: cubic: occurring in iron- 
black octahedra in serpentine, a metamorphosed 
ultrabasic rock. Tlie Pobfbw Vebdu Antique 
owes its green colour to disseminated chromite. 
Found in the Urals, United Ktates, etc. 

Chromiom, Cr. Atomic weight, .'>2-1. A hard 
white metal : less fttsiblc than platinum: oxidised 
in moist air: dissolved by hot dilute hydrochloric 
and Bulphunc acids, forming corrcsf)ondingchromous 
salts: slowly attacked by dilute nitric acid: obtained 
by heating chromic oxide with carbon in the electric 
fi^nace, and again heating the product in succession 
with chromic oxide, with quick lime, and finally with 
the double oxide of chromium and calcium obtained 
in the lastproi-ess as a l).v.product; jilso by heating 
chromic, oxide with aluminium i)owder. iSjr GOLD¬ 
SCHMIDT S Pbocesb. Alloyed with iionn’2to 1-5 
/ per cent. Cr) it forms Chbomium Stebi., used in 
making projectiles. Chromium does not o(!eur native; 
it exists in combination in Ciibomite (y.i*.), Ciieome 
O cHBE, a“omplcx silicate, and Selwynite, a similar 
mineial found in Australia, and in M;rae chromates 
as t'HOCOlsTTB (y.r.) 

Chromium Compounds {fViem.) Chromium acts 
as a basic elom<>iit, forming two classes of siills 
(ciiromous salts and cliroraic salts), and also as an 
acidic element forming an a<'id oxide (chromium 
trioxide). The Chrohoub Salts resemble the ferrous 
sidts in constitution and bcliaviour; r.i/. tlicy are strong 
reducing agents, and dissolve nitric oxide. Chbomig 
Oxide, Cr^Oj, i*m dull green powder when madt! by 
heating tlie hydroxide or a mixture of j)otassium 
diebromate and ammonium cldoridc; a brighter 
green when made by hesiting mercurous chromate. 
It is a basic oxide. Heated with alktilies in presence 
of air or an oxidising agent, it gives ciiromates, 
2 K 5 CO, + Cr^O, + 30 = 2K„CrO< + 2 CO 5 . Used as a 
pigment, chrome green, anil in colouring glass and 
porcelain. Chbomic Hydeoxidb : A grey-green pr<‘- 
cipitate formed by adding an alkali or alkaline sul¬ 
phide to a soluble chromic salt. Chbomic <.'H].obide, 
CrClj: A peach blossom coloured salt when obtained 
by passing chlorine over heated mixture of chromic 
oxiile and carbon, insoluble in water; a green 
crystalline mass when obtained by dissolving the 
* hydroxide in hydrochloric acid and crystallising 
tlje solutioiL Chromic Sulphate : The hydroxide 
is diasolved in sulphuric acid in the cold, and solu¬ 
tion on standing deposits violet blue crystals, which, 
heated with sulphuric acid, give red anhydrous 
chromic sulphate, Crjj(80,),. Tlie violet solution 
turns green on heating, owing to formation of basic 
salts. It forms alums (y.t'.) Chrome Alum, 
K, 8 O 4 Crj(S 04 )^ 4 H, 0 : Dark purple octahefl^ red 
by transmittal light. Solution is dichroic (red 
^en), and turns green, like the sulphate, on 
heating. Obtained by reduction of a mixture of 
potassium dichromate and sulphuric acid by sulphur 
dioxide or alcohol. Used in dyeing and calico printing. 


Chbomic Teioxide, CrO,: Lustrous red prisms, 
soluble in water; the solution behaves as an acid, 
chromic acid, CrO, + IIj,0 =» H,CrO^. It is a powe*- 
ful oxidising agent. Obtained by adding suiphuric 
acid to cold concentrated solution of potassium 
dichromate. Chbomyl Chloeidb, CrOjCl^: A djSrk 
red liquid boiling at 118“. With water forms chromic 
and hydrochloric acids. It converts methyl groups 
of aromatic hydrocarbons into aldehyde groups 
(Btard’s reaction); e.ff. toluene (g-.n.) to benzaldebyde 
iq.v.) 

Chromo Lithography. See Lithography. 

Chromo Sensitive Material (Plbfo.) See Photo¬ 
graphy IN COLOUES. 

Chromo Xylography. See Ekobaving ; Chbomo 
Xylography. 

Chromyl Chloride. See Chbomium Compounds. 

Chronograph. A registering timepiece, usually 
having a start, stop, and flyback seconds hand. 

ChronoisothermsJ Cnrves {Metcorol.') Curves 
showing the hour of the day at which the average 
tomjierature at some given point on the earth’s 
surface has the same value at different times of 
the year. 

Chronometer. A finely made timepiece, with 
a balance wheel specially adjusted to ensure the 
keeping of correct time when the temperature varies. 
It also has a “ dedent ” escapement. For marine 
use the instrument is susjiended in “gimbals,” or 
slingh, to preserve it from vibration and to keep it, 
as far as possible, horizontal. 

Chryselephantine (Archteel.) A term applied to 
works of .'julpture overlaid with ivory and gohl, e.g. 
the statue of Athene by I’heidias. 

-CH 

Chrysene (C7n'«t.), | 

Cj 

Forms white leafy crystals with violet fluorescence: 
melts at 250®. It occurs in the highest boiling 
portions of conl-tar. • 

Chrysoberyl (J/ia.) Beryllium aluminate, BeO. 
AljOy .Vlumina=H0-2, borylla= 19-8 per cent. It 
occurs in rhombic prisms of various shades of green. 
Its hardness=S‘5. It is cut as a gem. Found in 
the Moume Mountains in Ireland, in Ceyloy, Brazil, 
the Urals, United States, etc. 

Chrysocolla (Min.} A hydrous silicate of copper, 
CuSiOj. 2U.p. Oxide of copper»28 to 46, Bilica»26 
to 40, water => 16 to 3) j>er cent. As an ore it only yields 
up to about 10 ])er cent, of copper. It is used as an 
ornamental stone. The colour varies in different 
shacles of blue and green, perhaps due to colouring 
by impurities. Found in Cumberland, Westmoreland, 
Cornwall, Dumfriesshire, fiaxony, Australia, etc. 

Chrytoidine QChem.') CgHj—N—N-CgH^CXH,)* 
HCT (1 :2 :4). Shining black crystals, greenish by 
reflected light. It is a dye used for orange shades 
on wool, silk, and cotton mordanted with tannin. 
Prepared by action of diazobenzene chloride {see 
■Diazo' Compounds) on metaphenylene diamine 
(g.».) See aim Dyes and Dyeing. 

(daysolite (Min.) A silicate of magnesinm and 
iron, 2(MgFe)0. SiOg. Ehombic. Colour, pale green 
and transparent to dark green and translucent. The 
tei-m is rather confined to the transpareot variety. 
Olivine being used as a more general term. Olivine 
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is a common constituent of basic eruptive rocks. 
Chrysolite is cnt as a gem. The ^st chrysolite comes 
from the Levant. 

Cfaryiophenln. See Dyes and Dyeiko. 

Chryioprase (Min.) A green variety of Ohal- 
CEDOSY (y.v.), semitranslucent; coloured by nickel 
oxi h'. It is cut for jewellery, and is supposed to 
bring the wearer good luck. 

Chryiotile (Min.) A fine fibrous variety of 
Seepentine (q.v.), usually of rich yellow green 
colour, and of a silky lustre. It is sometimes used 
as an ornamental stone. 

Chnek. (Eng.) A device for holding work on the 
mandrel of a lathe or for holding small drills. 
There are very many forma, .Sfes Cup Chuck, Die 
Chuck, Selp-Centeing (’buck, etr. 

Chuffs (Build.) Bricks full of cracks, caused by 
rain falling on them when being burnt. 

Church Bells (Her.) Keprescntcd in perspective, 
the clapper l isible below the rim of the bell and the 
shank visible at the top. 

Chute or Shoot (Mining). An inclined shaft 
through which minerals are allowed to fall to a 
lower level: the term is also applied to channel¬ 
carrying water, etc. 

Chyle (Zoology). The milky fluid, containing ' 
fats, found in the lacteal vessels in the wall.- of tlie 
small intestine. Sec Villi. The fats are formed i 
fram the fatty bodies absorbed from the Chyme. 

Chyme (Zoology'). The semi-liquid mass of food, 
mixed with gastric juice and peptones, after passing j 
through the stomach. ; 

Ciborinm. (1) A chalice or cup with acovei for i 
bidding the con.secratod bread or host. ( 2 ) l'lu‘ 
Pyx {q.v.) (3) The talK'rnacle for holding the pyx. 
(4) A jxjrtable altar. (.*>) A receptacle for relics. S/r ' 
aleo Baldachino. , 

C.I.F. (Cotton). A sy.stcm of direct shipment to 
spinner by which the purchaser is allowed 6 per 
< 5 |nt. and free Carriage, Insurance, and Freight. ; 

Cimbalo. <S<'c Musical Instrumbxts : ntbing. ' 

Cinchona (Botany). A genus of the ooler 
Bubiarere, of economic imj)ortancc as the source nf | 
Pebuvi.an Bakk. C. mwHruhtJ produces the red ! 
bark; C, calieaya, thQ yellow variety; C. ojficinalie, ! 
tlie brown variety. See aleo QuiNiyi:. i 

Cinchonine (Chew.) An alkaloid closely related 
chemically to quinine (ere QuiMNE), but not having 
its valuable medicinal i)ropertie.-; it differs also from | 
it in not giving a green colour with chlorine water and j 
ammonia and in not yielding fluorescent .salts. It i 
occurs in cinchona bark along with quinine and j 
many related alkaloids (.about thirty); and it is sopa- j 
rated from quinine by making use of the facts ; (1) j 
that its sulphate is more soluble than that of \ 
quinine; ( 2 ) that the alkaloid is less soluble in i 
alcohol and in ether tlian quinine. It is a white j 
crystalline solid (prisms) ; begins to .sublime at 220 " 
and melts at 2.54°: bitter taste: veiy slightly soluble 
in w'ater. Unlike the majority of alkaloids, its 
alcoholic solution is dextrorotatory. It is a .strong 
diacid base, and so forms two serie.s of salts. It is 
easily transformed into a number of isomeric 
alkaloids; e.g. by boiling it with acetic acid it yields 
a far more poisonous isomeric 'Alkaloid, cinchotoxin 
or cinchonicin. The following facts are 'very im¬ 
portant in relation to the constitution of this 


idkaloid and the olasely related quinine (methoxy- 
cinebonine). It is a ditertiary base. &w>Thetiaby 
Bases. It is an alcohol, as it unites with add chlor¬ 
ides to form esters. It is an unsaturated compound 
(q.v.), as it adds on two atoms of bromine. It is a 
COOH qoindine derivative, as on oxida¬ 
tion with ohromio acid it yields 
y-quinoline carboxylic add. By 
a somewhat complex series of 
reactions cinchonine has been 
converted into lepidine (y- 
mothylquinoline) and a sub¬ 
stance, mcroquinino, which is a 
pyridine derivative. On these 
and other grounds Che following formula has been 
suggested for emohonino: 



N 
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Quiniue only differs from cinchonine chemically in 
ba\ing a methoxy group, ( 0011 ,), instead of H, in the 
l>laces marked witli an asterisk in the above formal.'**. 

Cinctures (Architect.) TIic annulets on the shaft 
of .a column iinuicdiately al)ove the basdto,rid below 
the mstragal of iho capital. The projecting blocks 
w'hich sometimes form part of the shaft of a column 
are al-o known as cinctures. 

Cinder Pig (Motallurgy). A poor variety of pig 
iron obtained by rcsmelting .slag.s which are some¬ 
what rich in iron. 

Cinder Tap {Met.) The slag from purldling or 
re-hcatimr furnace.-. 

Cinder Tub (.)/>/.) A sliallow Jron truck with 
movabh' side-, into which blast furmice slag is run. 

Cinematograph. The common name for apparatn.s 
for the product ion and exhibition in rapid tequettce 
of a series of photog'-tiphs of moving objects, 
creating the illusion knowui as “living pictures" 
or “animated photographs." Special forms of the 
apparatus are given other names for trade iturjm.ses, 
as the Biogbaph, which is })robably the Imrgest 
and best manufactured at pre.scut. The illusion 
deijcnds on persistence of vision, each single picture 
remaiiilug impressed on the retina till the following 
one appear.s. Tlie instrument is Ji ilevelopment of 
tile Zoetrope and was made possible by the intro¬ 
duction of flexible film into photography, to take 
the place of glass plate.«. Edi.son perceived the' 
possibility of moving a long narrow strip of sensitive 
film along the focal plane of a small camera, and 
automatically exposing it to the image formed there 
by the lens, and after some exjjerimcnt he introduced 
his “ Kinntiscope,” about 1894. His method of 
moving the film is .still employed, but in other 
respects the apjwratus has been greatly improved. 
The instrument consists of a small camera provided 
with light-tight cb.ambers above and below, and with 
mechanism for moving the film and working the 
sliutter of the lens. The long strip of film wound 
on a drum is placed in one chamber, one end is 
passed into the camera and along its focal plane to 
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an empty drum in the other chamber, the sensitive 
surface, of course, facing the lens. On turning a 
handle, the meclumism pulls clown a portion of the 
film exactly the size for the picture, opens the 
shutter of the lens, and closes it again, and goes on 
repeating these operations in the same order at the 
rate of from twenty-five to fifty times a second, the 
film remaining stationary for the fraction of a second 
required for the exposure of each separate picture. 
In the larger and heavier instruments the motive 
power is supplied by an electric motor. The film 
thus exposed in the camera gives a series of very 
small negative pictures when developed, and from it 
a positive film must be printed for exhibition. These 
films are pulled through the apparatus by mean.s of 
)^erforations along the edge, atul the perforations in 
the positive must exactly coincide with those in the 
negativ'e film. Tiie same or similar apj;jaratus, fixed 
in front of the condenser of a powerful magic lantern, 
is used for cxlribition and worked in the .same way. 
When exhibited, tlie .same pictures are sometimes 
magnified nearly 15,001) t5mo.s, and 1.200 pictures arc 
stoppeil and moved on in a minute. In order to give 
a cfirrect record of the scene depicted, the ]>i«:tnres 
sluvuld l)e exhibited at the .same speed as they were 
taken, but thcyareusuaily exhibited somewhat quicker. 

Cinerary Urn (Arr/zt^ftl.) A bcpulchral urn for 
holding the ashess of bodies which have I'leen 
biirneti. There are many examples in the British 
M.u.seiiin. 

Cinnabar (MhiJ) Sulphide of mercury, IlgS. 
Mcrciuy • S<!-2, suliihur — lli'H per cent, it occurs 
in deep reil higlily rofraetile rhornbohedral crystals, 
and massive in darker red slialy masses. Jt is the 
c.liiet .-.Dure.c of mercury. The pigment Vkiimiliok is 
prcpari'd from it. Kound in Idria, Almaden, etc., in 
yj ait!; Hungary, Mexico. Peru, Oalifomia, .lajian, etc. 

Cinnamic Acid C.H .CII: CH. OOOH. 

^-plicnilai rylic acid. White needles or prisms : 
im lt-- at Hth’: .slightly soluble hi cold, readily in hot 
w:it(‘r. ft is an unsatnrated compimiul (r/.r.), and 
takes up two atoms of bromine': formerly important 
in the synthesistmf indigo; occurs in storax and a 
number of balsams: obtained artificially liy acting 
upon benzaldcliyde (</.t’.) with soiUurii acetate and 
acetic anhvtlride CPcrkin's reaction"), ly,II.OH() + 
CTljCOO.N’tv = ( eri/’H ; CH . OOONa + I f/). There 
are two iinstablt! modific-ations of it—idlocinnamic 
and i'-oeiiiiiamic acids. Set- Steuroxsomkbism. 

Cinnamon. The drug and si»ic,o is the dried inner 
portion of the bark of the young branches of 
CinnanwiiiHvi zeylunicitm (order, Lauratna-). 

Cinnamon Stone (Min.) One of the calcium 
Aluminium O-Uinetb (i/.r.), often also called 
Hyacinth; it is an orthosilicittc of calcium an<l 
aluminium, with the iron in the ferric slate. The 
exact composition varies. The colour is yellow to 
brown. The hardness is .slightly greater tlian that 
of quartz. U.sed as jewrellery. It crystallises in 
forms of the cubic system. Localities are: 
Aberdeenshire, Wicklow’, Oeylon, etc. 

Cinqueoento. Literally 500. but used as an 
abbreviation of “mille cinqueeento," 1500. A term 
applied in Italy to the sixteenth century, the period 
wiien art revived and classical inlluenco was 
paramount. Jt is also applied to decorative art 
and architecture characterised by the reversion to 
classical forms that commenced about 1500. The 
term is often applied incorrectly to ornament of the 
sixteenth century in general. 


Cinquefoil (Architect.) An opening in Gothic 
tracery formed with five* foils or spaces between 
cusps. See also Foils, Odsfs, Tbefoii,, Quatbe- 
FOIL, and Multifoil. 

Cipher. (1) The symbol 0, which denotes zero. 
(2) A cryptographic mark or device. Sometimes it 
takes the form of a monogram. 

Cipolin. A white marble with green streaks. 

Cipput (ArcIuBiil.) A small column or pedestal, 
generally rectangular, forming a sepulchral monu¬ 
ment. It either contained the ashes of the deceased 
or marked the place of burial, and frequently bore 
an inscription. Cippi wore also employed % the 
ancients as memorials of remarkable events, and as 
landmarks. 

Cipcie. In geometry, a plane figure bounded by a 
single curved line, called the circumference, every 
point on which is equidistant from a certain point 
within, termed the Centbb. 

- (Laee Mamifac.) That portion of a twist 

lace machine where all the most delicate parts of 
the mechanism are situate. I'hc centre of the circle 
is the point where the formation of the lace becomes 
I>erceptible. All the movements of the threads 
iiooessarj’^for its formation take place in the lower 
portion of its circumference. 

Circle of Curvature. A circle drawn from the 
centre of curvature of a curve, with radius equal to 
the length of the normal from that point to the 
curve, is called the “ < 'irclc of Curi ature ” of the 
curve for the point where it is out by the normal. 
This circle of curvature may be regarded as the 
circle whose curvature coincides w'itli that of the 
curve at th.** point where they touch. 

Circle of Reference. See Habmonk; Motion. 

Circle on Circle (Carp, and Jain., etc.) A piece 
of work which is curved both in plan and elevation: 
work of double curvature. A door or window with a 
round (archeil) top, situate in a round building, is 
an exiimple. 

Circular Measure. The circular measure of afi 
angle is tlie ratio of the are of a circle, bounded 
by the two lines forming the angle, and having its 
centre at the apex, to the railius with which the arc 
is tlescriberl. The circular measure of an angle of 

180° is IT, of 00°, ami an angle whose circular 

1H0° 

mea.sure is unity contains ^ , or 57’296 very 
nearly. This angle is termed a RAD1.AN. 

Circular Mitre (Carp, and Join.) The intersection 
of a straight and curved moulding of the same 
section. 

Circular Plane (Varjt , Pattern JUakiny). A plane 
for w orking concave or convex surfaces. A modern 
form, made of ir<m, lias a thin steel .sole which can bo 
bent into a circular arc of any required radius (with¬ 
in certain limits), to work on both concave and 
convex surfaces. 

Circular Polarisation (Liyht) See T’olabisa- 
TION. 

Circular Baw. A saw in the form of a steel disc: 
used lor rapid and heavy sawing in woodworking; 
also for metal, in wji^ch case the saw is made of 
muc!) thicker steel and the teeth are formed more 
like the teeth of a milling cutter (g.u.) 
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Circnlating Pump The pump uered to 

keej) cold water flowing* through the Coxt>RKS£B 
(£.p.) of a steam or other engine. 

Cireolation in Boilen, ate. The move* 

meut of water in boilers, etc., due to connectiou 
currents set up by the fall in density of the heated 
water. It is promoted in boilers by a proper 
arrangement of water tithes and by keeping the 
water as much as possible above the heating 
surfaces. In condensers, pumps are necessary to 
keep Tip the circulation. 

Circulation of Water (J/oter Car»). In petrol 
cars a flow of water from a tank is maintained round 
the water jacket of the cylinder (q.v.) through a 
radiator or condenser (^.r.), tlic water retimning to 
the tank. This keeps the engine cool, and prevents 
injury to the cylinder, a.s well a.s loss of power, which 
always occurs if the cylinder become overheated. 

Cironmferenter (Surveyhit/). A form of 
£>IAI> (g'.e.) adapted for surveying w'ith the fixed or 
“ fast ” compass needle. Also called the Hock Dial, 
It consists of a graduated horizontal circle, provided 
with a vernier and sights, and a compass needle 
suspended at the centre of the circle. 

Ctreomflex Accent (Tyjwg.') A mark placed over 
a letter thus, e. 

Giroumpolar Star (Aatron.') A stat always above 
the horizon, i.r. one whose angular distance from 
the celestial pole is less than the terrestrial latitude 
of the place of observation. 

Cireng (Arvhteol,) , A large oblong building used 
by the ^rnans for horse racing, chariot racing, 
gladiatorial contests, etc., which took place in the 
arena. Around the building rose tiers of seats for 
the spectators. The Homans seem to have established 
oironses wherevei they settled. 

Cire Perdue. See Lost Wax. 

Cirque (Geol.) A name usuaUy given to some 
geographical features occurring near the heatls of 
valleys in districts that have been heavily glaciated. 
The features in question are shaped like a bowl which 
has been out in halves from top to bottom. In some 
few cases sncli a feature may really be due to the 
conjoined action of several adjacent streams; bul. it 
is now recognised as being more generally due to the 
erosive action of ice, to wliich locail circumstances 
have im\Tarte<l a slow rotatory or eddying movement. 

Cirro-Cumulus (Mefeorol.) See Chovva. 

Cirrus (Mef^ttrel.) See CLOUDa 

Cisslng (lice.') A fault in a varnished surface 
in which small dull spots appear. Usually caused 
eit- er by minute holes or grease spots. Bemedy: 
thoroughly clean and rub down surface and re- 
vamishl 

Cist or Kist (A reJueol'.') A stone coffin of pre¬ 
historic times formed by two }^<arallel rows of slabs 

f >laced on edge, with one or more slabs placed 
lorizontally across them. Boroetitnes the cist was 
excavated in the solid rock or formed in a tree 
trunk. See aho Cista. 

Clsta (ArehtBol.) The name given to a small box 
containii^ sacred objects, carried at tlie festivals of 
Demeter and Dionysus. (2) The ballot box used in 
the Homan comitia. ^ 

Cistern Barometer. Sec Babohbtrb. 

Cistern Pump. See Fojsce Pump. 


_e_ 

Cisterns (Hygiene, etc,') Where the water supply 
of a town is on the intermittent jHinciple, dsterns 
are necessary for the storey of water. They should 
be fixed in a well ventilated place, regularly cleansed, 
properly covered, and constructed of s material that 
will not impart any impurity to the water. It is 
extremely important to see that no oommnnioation 
exists between the cistern supplying the water closet 
and the storage cistern. 

Cithara. An ancient musical instrument with 
from seven to eleven strings, somewhat like the lyre 
in .shape. The modem zither is also derived from it, 
and pre8er\-e.H much the same form. 

Citric Add (,Clugn.), CHjCOOH.COHCOOH. OH, 
coon. Ljirge colourless crystals: melts at 163®: 
readily soluble in water and in alcohol. It occurs 
free in a large number of fruits, and is obtained from 
lemon juice by precipitating the citric acid in it m 
calcium citrate (the precipitate only forms on 
heating), and decomposing this salt with sulphuric 
acid. This acid has Issen prepared artigcially. It is 
much used in making effervescing drinks and to 
im])art an acid flavour (t.g. to jellies). 

Citrine (.IP/a.) Quartz of a clear yellow colour; 
also called Yellow Topaz. 

Citron. S'e Citros. 

Citronella Oil. An oil used in perfumery, distilled 
from a sjiecics of grass, Aitdropogmi nardus (order, 
Gramineee'), extensively grown in Singapore. 

Citrus (Botany'). A genu.s of_ the order Jtutaeeee, 
noted for the economic importance of its species and 
varieties. C. wedien is the citron, whose variety 
Linionuitt is the lemon, JAmetta, the sweet lime. 
C. aurantbim, the orange, h.os two varieties— 
Brrgamia, the Bergamot, and BujaraAlo., the Seville 
oiarige, 

City Solder. Solder stamiied by the Worshipful 
t’omiiany of Plumber.-*. 

Civil Engineering. The branch of engineering 
dealing with railways, roads, docks, harbours, water¬ 
works, and many otlier branches of construction, but 
excluding mechanical and e!e<“tric»b«pplianees. 

Cl (CV/e?//.) SymbfJ for Chlorine (q-v.) 

Clack or Clack Valve {Bng.) The flap or hinged 
valve of a suction puui]). 

Clairecolie or Clearcole (Bee.) An undei-coat of 
size employed on plaster surfaces to stop suction and 
form a ground for distemper. Made from glue, size, 
or concentrated size jxiwder mixed with whiting and 
water. 

Clam. Clamp (Eng.) Pieces of wood or soft 
metal (such as lead) fitted to the jaws of a vice for 
holding polished or delicate objects without injury. 

Clamp (Briekmaking), A clamp is a stack of raw 
bricks, with cinders intermixed, to assist in their 
complete burning. See aUo BRICKS. 

- (Eng., Carp., etc.) An appliance used for 

gripping a piece of work in order to force its parts 
into close contact; the requisite pressure is usually 
applied by means of a screw. 

Clamp Bricks. Bricks that have been burnt in a 
clamp; they are also known as Stock Bricks. Sec 
alee Bricks. 

Clamping Screw (Eng.) Any screw for holding a 
detachable tool or part of a machine in place. 

Clarendon (^pog.) A bold-faced condensed type, 
generally used in dictionaries. The Terms in this 
work are printed in clarendon type. 
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OlftriiMt (>7* Clarionet. Sae MirsicAi, Insxbv- 
MBNia; Wind (Wood), 

Clark Cell (Meet.') The best known form of 
“ Standard Celr’ Its positive pole is a plati. 

nuoi wire dipping into mercury. Above the mercury 
is a paste of mercurous sulphate; on this floats a 
eaturated solution of zinc sulphate, in which dips a 
rod of zinc fonning the negative pole. The E.M.F. 
is ViSi volts at 15” C., falling slightly as the tempera¬ 
ture rises. 

Clork’e Prooenu The object of this process is to 
soften water. The hardness of water is due to the 
presence of salts of lime and magnesia. In Clark's 
Process lime water is added, and*combinea with the 
carbon dioxide; the bi-carbonate of lime is thus 
rendered insoluble and precipitated. The precipitate 
carries down with it any sn.spended matters present in 
the water. It is only efScacious in removing what is 
called “temporary hardness.” See al$o Calcium 
Compounds. 

Clat^ (Sind.) A catch formerly used for holding 
the <50vers of a lx»ok together when closed. 

diosp Nail. A nail u-sed by pattern makers. It 
has projections from the head wliicli enter the wood 
a.s well as the stem or shank of the nail. These 
projections give the nail a greater hold on the wood 
than a common nail would afford. 

Clasp Nut (Sng.) The nut in a slide rest which 
engages the leading screw (q.r.) *lt can be disengaged 
at will, as it is cut ibruugh longitudinal]}', so that the 
two halves can be separated. In sometsa-ses only one j 
h.'ilf is used, and this can Wi raised out of conUc* j 
with the .screw. j 

Clasgical (1) I'ertainiug to the art, literature, ; 
antiquities, etc., of ancient Oreoce and Home. (2) | 
Conforming to tite styles of the foregoing. (IS) Ap- , 
plierl to a production, either painting or music, j 
characterised by beauty of form, taste, and restraint. ! 

Clouiciam. Tendency towards the clas.sical i 
style. i 

ClaMifleation of Elements. See Pnbiodtc 
System. j 

Clastic Books (6W.) A general term for rocks 
which have been built up from fragments. Thus 
clay, sand, sandstone, quartzite, gravtil. conglomerate, 
arkose, are all clastic rocks. In cases where the 
chief fragments are directly of volcanic origin, as in 
the case of tuff and aggloinenitc, tht' resulting rocks 
ore distinguished as PvmocljVstic. 

Claude Class. Named aftm* Claude Lorraine. A 
dark or coloured mirror usetl for reflecting landscapes. 
They are useful for artists in selecting and composing 
pictures. 

Claus KUu. See Chance's Pkocess. 

Claw Coupling or Clutch etc.) A pair of 

flanges on the oppo.sing ends of two shafts, with 
projections which engage each other when the two 
flanges are brought together, tiius connecting the 
shafts so that they turn together. This form ef 
clutch enables the shafts to be coupled or uncoupled 
instantaneously. 

Claw Wrench (Etig.) A spanner or wrench with 
one loose hinged jaw, which grips- tighter the more 
the pressure on it increases. A Tipe W’kench is a 
form of claw ^vTench. 


ClOiP ( Oeol., etc,'\ A clastic or .derivative rock con¬ 
sisting essentially of a hydrous silicate idumini^ 
which is nearly always mixed in variable proportions 
with sand, lime, iron, or other minerals, or even Wth 
organic substances. Dry clay gives forth an argil¬ 
laceous odour when breathed upon; and when it is 
moistened with water it is rendered plastic, and can 
be moulded without subsequently losing its shape. 
In other respects it varies so much that no general 
description can be applied to it. 

Clay Band. iSbeCLAY Ibonstong. 

Clay Cracked (Pot.) Ware is described as clay 
cracked if, when removed from the bisque oven, a 
crack is found which is traceable to the chiy stage of 
its production. 

Clay Ironatone. Nodules or concretionary masses, 
often of a rudely spherical form, which are com¬ 
posed essentially of a carbonate of iron mixed with 
more or less argillaceous matter. They usually occur 
in shales or in clays, and very commonly in close 
association with carbonaceous matter. Cracks are 
generally present in the interior of the nodules, and 
are often lined with calcite. Tlieso are then spoken 
of as Kbptabia. Clay ironstone is, or was, hugely 
used for the manufacture of iron. Souie clay 
ironstones^ also, are used for making hydraulic 
cement. 

Clay Press (Pot.) A press used to squeeze the 
superiiuoiw water from Slip (jf.r.), to convert it into 
clay. 

Clay Slate ((feol.) An antiquatevl term which 
was loosely employed for any metamorphosed argil¬ 
laceous rock with a tendency to split into thin 
plates. Under this head were included slates of 
argillaccou.; cointx>sition, phyllites, graphitic schists, 
and many other rocks of the same general character 
which it is now found convenient to distinguish by 
special name.s. 

Clay Wash (Clay Water) (Moulding). Clajr greatly 
diluted witli water. In moulding, various objects are 
coated with a lilm of moist clay by waslung with 
clay water in eases in which the foundry sand is 
required to adhere to them. 

Cleading (Soff.) L.vgging. (y.r .) 

Clean Casting (Ewf.) One free from faults on the 
sui fa<-e or skin. 

Clean Cut (Eng., etc.') A cut which is smooth and 
regular, us opposed to one which is ragged or which 
shows chattering (<i.r.) 

Cleaner (Eng . ete.) Applied to various tools; in 
moiihling. a flat-bladed tool used for smoothing the 
surface vif a mould. See Slbekkk. 

Clean Fire (Eng., etc.) One which is burning 
brightly and is free from cinders, clinkers, and 
ashes. 

Cleaning Eye (Plumb.) A brass cap screwed into 
the bottom of a load trap. Refuse can be removed 
from the trap by removing the cap. 

Clean Lift (Moulding). The withdrawal of a 
pattern from a mould without injury to the latter. 

Clean Timber (Carp.) Timber that is free from 
knots and blemishes. 

Clean Water (Eng.) Water required for use in 
boilers is said to be “ clean ” when it is free from 
visible impurities; it may. however,contain lime,etc., 
in solution, and therefore produce a deposit when 
used in boilers. 
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Olearanee (1) amount of space left 

between two parts wnich have to lit or engage 
together. (2) The space between a piston and the 
end of the cylinder in an engine when the piston is 
at the end of its stroke. 

Clearcole. See Claibbcolle. 

Cleario^ Hole (^Eng.) One bored out to its full 
nominal sisse; distingnished from a tapping hole 
(j'.r.), which is bored to a smaller diameter in order 
that an internal thread may be cut in it. 

Clearinfl Solution {Phnto.') A solution of alum 
slightly acidified, in wnich negatives may be soaked 
to remove yellow stains produced during develop¬ 
ment by an alkaline developer. 

Clear Oil (,Eng.) Oil purified till transparent or 
of a light colour. 

Clear Span {Build,') The horizontal distance 
between the abutments of a beam or arch. 

Clear Story. See OLEBtiSTOBY. 

Cleat. A wood or metal contrivance on which the 
free end of a rope, blindcord, etc., is coiled in order 
to make it fast. 


-( Carp.) A piece of -wood nailed on the sur¬ 
face of one timber, and acting as a •* .stop” to assist 
in supporting another timber which rests upon the 
first; e.g. cleats are nailed on to rafters to support the 
purlins. 

- {M'lu'aig.) A cleavage in coal, not parallel to 

the bedding plaec. <Sf;c alen Coal. 

Cleavage ( Ceol.) A term now restricted to the 
parallel and usually closely set planes of division 
with one uniform direc.tion, which have been induced 
in certain rocks ptirtly under the influence of intense 
lateral oompre.>.siou. A cleaved rock splits with more 
or less facility in the direction of the cleavage quite 
independently of any .structural planes originally 
pre.sent in the rock. Most ."hates were clays and of 
sedimentary origin; but some c.xcellent slates in the 
Lake District were originally bedded tuffs, and there¬ 
fore of volcanic origin. See Flaostoxe, Phyllite, 
Schist, etc. 

- {Min.) A term used for the planes of more 

ready division of a mineral, pointing to a weaker 
cohesion along these plane.**, t'leavage planes are 
usually parallel to some crystal plane. 

Clef (A/tmc). A cliaiacter repre.senting a fixed 
sound and giving the name of that sound to tlie 
line on which it stands. There are three clefs: 



representing the middle C of the 


grand stave of eleven lines; 6, a fifth above it; 

P, a fifth below it. See Stave. 

These are often spoken of as the Tenor, Treble, 
and Bass Clefs respectively. 

Clerestory (Arohiteet.) The uppermost divi.>)ion 
of the nave wall of a church imm^iately above the 
triforiura or blind story (the space between the 
vaulting and roof over the aisle, frequently used as 
a gallery). The clerestory is pierced with windows 
overlooUng the roof of the aisle, and was evidently 
constructed with the idea of increasing the light in 
the nave, the aisle windows being usually insufficient. 


Cleveland Iron Ore. An important ore of iron 
occurring in t.ie .Jurassic rocks of Cleveland, York¬ 
shire, and other parts of the kingriom. It consists 
mostly of LlMONiTE, with a variable percentage of 
iron in the fonn of Maumetite. It is nearly alwaya 
due to a partial or entire replacement of a oalcareoiis 
oolite by ferruginous matter imported into the rooks 
from B<ime source at a higher level. 

Cliche (Plmto.) A tjpnn sometimes applied to the 
‘‘ negative ” in photography. 

- (Ty/ziy.) An electro or stereotype pldte; 

especially a metal stereotype of a wood engraving, 
to print from. 

Click (.Bug.) A fmall pawl {q,v.) or catch of a 
ratchet wheel. 

Clicker compositor who receives 

copy and distributes it to the other compositors or 
companionship of whom he has charge. 

Clinker {Eng., etc.) (1) Tlie residue from a furnace 
or fire from which practically all ^ne available 
carbon has l)ecn burnt out. It is often partly fused, 
and re.sembles slag. (2) A sinall hard brick u^ed 
for paving 

Clinkerinj {Eng.) The extraction of clinker from 
a fire. 

Clinodiagonal {Miu.) An axis of the Mono- 
sjmmetic System inclined to the vertical axis at a 
definite angle in each mineral of the system, and 
at right angles to the Orthodiagonal {q.v.) See (Sys¬ 
tems OF tJKYSTALI.OOKAFHY. 

Clinodome {Afin.) A face parallel to the C'LINO- 
UlAUONAL {q.f.) 

Clino^aph {Itraming Oilier). An instrument 
used l»y draughtsmen when drawing two or more 
similar angles in succes.sion. It resembles the car¬ 
penter’s bevel iq.v.) in principle, but has the stock 
and blade of the same thickness, like a footrnlc, 
in order that the instrument may lie fiat upon the 
drawing pajier. The clinogiuph is invaluable in 
graphic calculation in ."taticA, wheri^eciprocal figures 
have to be drawn, liee Graphic Statics. 

- pr Clinostat {Sumging). An instrument 

used for detecting deflections from the vertical iu a 
bore liole ; it measures and automatically registeis 
the amount of the deflection. 

ClinometoF {Surpeging). Any instrument for 
measuring vertical angles. Tliere arc many different 
forms adaptctl to various circumstances. 

Clip {Build.) A slip of lead or copper to prevent 
slates or tile.s from slipping on a roof. 

Clip Drum: Clip Pulley {Eng.) A pulley with 
some form of movable clips in the rim. These grip 
the rope passing between them, thus preventing it 
from slipping over the pulley. Used for hauling in 
mines, etc. 

ClipeoB {Armuur). A round shield carried by 
(rreek and lioman soldiers, made of wickerwork 
covered with hide, or of beaten bronze. The Sctitdii 
was oval or oblong. 

Cloaca (Eoolvgg). A chamber formed by the last 
petition of the large intestine in the birds, reptiles, 
amphibia, and many fishes. The cloaca receives the 
openings of the genital and urinary dnots. 

Cloanthite (Miu.) An arsenide of nickel, KiAs,. 
Nickel = 28-4, arsenic = 70’34 per cent, with traces 
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of impurities. ‘ drystalUses in tin-white cubes, but is 
often associated with the pinkish tinge of Cobalt 
Bloom, as cobalt usually replaces some of the nickel: 
in fact, a gradation occurs from Gloantbite to 8hAL- 
TITS (q'.v.) Found in Cornwall, Saxony, Bohemia, 
Sweden, Dauphiny, etc. 

Oloekmaklng. See Watch and Clookkaking. 

Clook Stan (.^txtron.) Stars whose times of 
transit are known ; they are observed in order to find 
the Rath and Ebbob (^.v.) of an astronomical clock 
or 9 . chronometer. 

Clog^ng iEruj.) The hardening or thickening of 
lubricating oil. ‘it tends to check, or even stops, the 
motion of moving parts of machinery. 

Cloiuone {Dec.) Mosaic work in glass or enamels. 
Japanese clois.soD6 is a mosaic of enamel on a metal 
ground. Cloissonfi glass consists of two sheets of 
plain glass, with a design between formed of bent 
copper strips, the whole of the remaining space being 
filled in with glass globules of various beautiful 
colours. • 


GloUter (^Arnhitfet.) The covered way connecting 
a cathedral with the refectory, chapter house, etc. 
It lisually forms three sides of the quadrangle or 
gart.li, the fourth side being formed by the wall of 
the south nave of the catheilral, as at Wells. ^ 

Close {Architi'ct An enclosure around a large 
building, such as a cathedral. It is \isually sur- 
ruimded by houses wdiich serve as official residences 
for the oathedml clergy. In many of the English 
cathedrals the close adds grdatly to the general 
effect: Salisbury is perhaps the best example. 

- (Music). Used in the sense of cadence. 

Fiill close ■’ = perfect cadence ; “ Half close ” = 
imperfect cadence. 

Closed Chain Compounds (Chrvi.') When a 
number of atoms arc joined together in a ring as 
distinct from a chain, the system is called a closed 
chain, and its derivatives closed chain compound.*. 
When all the atoms in the ring are alike, the ring is 
called an IsocYCLic, when they are not all alike, 
a Hhthbocycliw King. Examples: 

CH CH 


nc A CH 

HC \J CH 
CH 

Benzene. 


HC A CH 

HC V CH 
N 

Pyridine. 


Closed Coil Armature (Elect. Eng.) An armature 
in which there is a complete path for the current 
without passing tbrougli the Extenuil Circuit; the 
end of one coil or set of turns is joined to the 
beginning of the next. 

Closed Shed (Cotton Weaving). The opposite to 
Open Shed. Btitween each pick inserted in the 
shed, the tappet, dobby, or Jacquarti will allow the 
heald or harness thread to move t.o its bottom or 
central jwsition, and thus close its shed previous to 
fonraing another for the next pick of weft. Sec Open 
Shedding, Shedding. 

Closed Stokehold (Eug.) See Fobced Dbaught. 

Close Grain. Material the fibres of which arc 
very close together: a purely relative term, inmipable 
of exact definition. 


Close Mouth: Closed Mouth (Eng.) Applied to 
punching machines wliosc jaws are closed at the 
sides ami open at the buck and front, thus permitting 
the passage of narrow bars or rails, but not of sheets 
of metal. 


Closer (Build.') A cpiarter of a brick used for 
bonding. 

Close String ( Carp, amd Join.) In staircase work 
an outside Stbino (jj.v.) that is not notched out to 
support the steps. ; 

Closet (Her.) A diminutive of the Bar, and 
one half its width. 


Close Test. See Flash Point. 

Close Topped Furnace (Met.) A blast furnace 
l.v.) whose top is closed by a cone. See aito 
ubnaceb. 


dosets. Earth (Hygiene). Consist of a wooden 
box with a recejitacle for the excreta below, and a 
hopper containing dry earth above. When the plug 
is pulled, the dry earth is thrown on to the sewage. 
Dry earth is a very powerful deodoriser; the best 
kinds arc dried clay, marl, and loamy soil. 

Closing Up (Eng.) (1) The formation of the 
second head of a rivet af^r it is placed in position. 
(2) The completion of a foundry mould by placing 
the uppermost part in its final position. 

Cloth (Woollen Manufac.) A woven, knitted, or 
felted structure composed of fibres. 


Cloth Binding (Bind.) Binding in which the 
*' boards "are covered with prepared calico, plain or 
embossed with a design. 

Clothed (Her.) A shield almost covered by a 
lozenge, but having the corners uncovered. 

Clothing: Cleading (Eng.) The covering of steam 
pipes and vessels with non-conducting materials. 
See also 1.AGG1NG. 


Cloth Red. See Dyes and Dyeing. 

Cloud Negatives (Pluto.) Separate negatives of 
clouds, used for printing-in skies in ordinary land¬ 
scapes in which the whole sky usually appears 
uniformly bright. They are often taken on flexible 
films for greater convenience in handling. 

Clouds (Mcteorol.) The visible form assumed by 
moisture in the atmosphere, identical with Mist. 
Clouds consist <jf a great number of minute drops of 
water. In curtain cases these drops may be frozen, 
so tliat a cloud may consist of particles of ioc. 
Forms qf Clouds: Clouds have been classified accord¬ 
ing to the general form which they present to an 
observer viewing them from tlte earth’s surface. 
CiKiiDs Clouds are feathery streaky clouds formed 
high up in the air; Btkatue is a form consisting of 
a sheet of cloud of approximately uniform thickness, 
occurring low down; Cumulus is a billowy rounded 
form, often seen in summer; Nimbus is the rain 
cloud, with well defined edges, generally very dark 
and heavy looking. Meteorologists also use the 
expressions ClKBo-CuMULUS, Cumulo-Stbatus, etc., 
to denote combinations of the simple forms. Foe., 
motion, of Clouds: It was formerly thought that 
if air containing water vapour were cooled down, 
either by sudden expansion or by contact with colder 
air, till it reached the temperature at which it 
became saturated, that clouds were necessarily pro¬ 
duced. It has been shown, however, that this is not 
necessarily the case. Aitken and others showed that 
the presence of particles of dust is of very great 
importance; in the complete absence of dust the 
first drops would have a radius comparable with the 
dimensions of a molecule, and in this case the surface 
tension of the drops would cause the rate of evapora¬ 
tion to be so great that the drop could not continue 
to exist. If, however, fine dust particles are present, 
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the dro|» arc lint fonned t^'^onddnafttioh on the 
surface of the particle^ and the drops thus comntenoe 
thoir existence with dimensions so much ptreaW thnn 
those’ of the moleciile that the gain in size froin 
condensation more than balances the loss from 
evapoiatioB. This effect is eaitlly shown by experi* 
meat;. if damp air from which dust has been 
entirely removed be suddenly cooled by expan¬ 
sion. no visible condensation will occur; but the 
admiktnle of a" very small amount of ordinary air, 
which always contains a great number of dust 
partSbles (upwards of 100,(MI0 jjer cubic incli), will 
cause a visible' cloud to upj>car when the damls air 
is allowed to cxi>and suddenly. The rtssearches of 
Aitken and others led to tlie belief that dust was 
always essential to the formation of clouda; but it 
^ has since been shown that the presence of g.'iseous 
Ions in the air is capable of prodneing the 
same result. These ions are charged {uirticlcs, some 
'having phurges of negative, others of positive elec¬ 
tricity? They may he produced by a variety of 
ageiicies<s>Ay. Rontgon, Kathode, ami Leiiard rays; 
the radiation from nrapintu, radium, polonium; b} 
ultra-violet light. Pnder normal conditions, free 
ions are always present to some extent in the aii, 
and the number will be increased when the air is 
exposetl to the action of any of the above ionising 
agencies, and the necessary conditions for coii- 
' densation and the formation of clouds will be 
set up. 

Cloudy Web (^Cottm Spinnin/f), rnevon thickness 
In the sheet or web a.s it comes from the doflfer, 
caused by defective carding. 

Clout Roll. A nail with a large flat bcml. 

Clove. The well known clove is the dried flower 
bud of an East Indian plant of the Jfyrth family- 
Eugenia caryophyllaia', order, Myrtacrff'. 

Club {Her.) A primitive weapon 8ometimc.s u.scd 
as a charge or placed in the hand of a savage. 

CluBtered Lotus Bud Capital (ri rrhitvrt.) This 
is une of the capitals u.sed in Egyptian architecture. 
The column with which it is used repre-sents a bundle 
of lotus flower stalks banded together at intenals. 
and the capital is a conventional treatment of a 
lotus bud, its main lines following those of the stalk, 
in the column. See Lotus Flower tnut Lotus 
Capital, 

Clustered PillaP (ArcAtfeet) A pillar consbling 
of several shafts, a common form in Gothic archi¬ 
tecture. It usiudly consisted of a large central 
pillar, either circular or scpi.-tre. surrounded by snmller 
shafts. 8ct rii.LAR <t7id Monosttlij. 

Clutch (AVi//.) Any iloviop for connecting two 
pieces of shafting in line, so that they turn together. 
Sfr Claw Clutch, Friction Cli’tch, ete. 

Co. Chemical symbol for cobalt (y.r.) 

Coach Bore* (A’w//., Carp., ctr.) A largo .screw 
for heavy timber work, with a squiiro head, wliich is 
turned by a spanner instead of a scrowdriver. 

Cool. A stratiilod dejiosit of compressed and 
minemlised vegetable matter ociurring in the fossil 
state. Ciumges have occurred in its chemical com- 
jKisition which have reduced tlie oxygen originally 
present to IG per cent, or less, the rc>lati%e amount 
of carbon being consequently increased to 70 per cent, 
or more. Tho structure present in the tegetai>le 
matter from which coal has been formed is but 
rarely traceable. Amongst unaltered vegetable jiro- 
ducta, the nearest approach to coal in respect of 


cbemioal coatposjtion'js tq be.'foujv'd tn caoutobotuv 
gnras, and vesi^. Cettl itresents « wide range in 
ohemicai qompointion, owing to the varialAe pep- 
oenta^ Of carbon present and the amotmt*of'mineral 
Impurities wilii,which it may bsippen io^be mixed. 
The })erceniuge of carbob. tise to 90 or more in 
the best fnel„ and may fall to or evqn h;^6 in tlia 
varidticr wMoh graduate into Brown *CdAL and 
LldxiTB. !Purthonnore, owing to the Jact that ooal 
sqams are npt homc^enoous from top to bottom, but 
consist of aggregates of thin laininse, each of which 
may vary greatly in composition fram thoM above 
it or below, it follows tliat different parta*uf a coal 
seitm at tite same spot may have quite diSermit 
values as fuel. Th% variation in this latter respect 
may be still more strongly marked when a com¬ 
parison is made, of the comp«)sition ojE various 
examples of the same scam taken £rom'< different 
parts of the coalfield in which the segm occurs. 
The variation referred to is usually connected with 
(he aggregate i>ercelitagc of mineral matter, usually 
clay, that originally entered into the cupiposition of 
each of the several laminre of which tlie wal saam is 
built up. It may be further uffected by the presence 
of mineral matter, such as pyrites, developed within 
the seam after the oiigiuul constituents of the coal 
were laid <lown. Thrt'C kinds of coal may be observed 
ih each example of most coal seams from strata of 
Carboniferous age. One of those is quite amorphous, 
bright, and v\ith a lustrous fracture like the surlace 
of polished jet. Thi.s is often refeired to as Cherrv 
Coal. Another kind is also amorphous, gives a 
conchoidal fracture, :ind the lustre is dull, like that 
of clay. This is Cannijl Coal. Tho third con¬ 
stituent, which is usually present in much snuiUcr 
I»roportion. has the general ajipcarancc of cliarcoal, 
and distinctly shows traces of vegetable structure. 
It is, indeed simply vegetable tissue more or less 
mineralised. This is a mini ral charcoal, often called 
Al OTHER OK Coal. Carboniferous Che*Ty Coal is 
Uigely coin[) 0 .sc(l of tlie resinous sjwes of lyco- 
}Ki<liacnou>, plants; Cannel Coal represents vegetable 
tissues which have ptsscd into a pulpy condition 
through prolonged mac<'ration , white Mineral Char¬ 
coal is the representative oi such of the vegetable 
tissues as h.ave been able to resist the change 
arising from maceration. Another variety of coal, 
vvliich is of great value as fuel, is known as Anthra¬ 
cite. It contains a high percentage of carbon; is 
amorphous, hi'avy, hard; doe.s not soil the fingers; 
aiid it gives off little or no smoke when it is being 
burned. Its peculiarities are due to changes wMen 
it has laidergone within the Earth’s crust; one of the 
factors concerned in the change appearing to be 
tt.e presence of w’ater at a liigh temperature. lu the 
neighbfiurhuod of rocks of an intrusive nature, coal 
scams liavo undeigone more or less detorioiation, 
and are, in many cases, thus rendered quite valueless. 
A further cause affecting tho commercial value of 
coal seams is the fact tliat they tend to gmdnate 
horizontally into stratifieil rocks of other tyjies, use¬ 
less .as fuel. Thus the argillaceous laminm present it) 
a seam may be small in pro|M)rtiun to tlio good coal 
at one place, and yet may sliow a gratlual increase 
when followed in the direction of a place at no great 
distance; the change may even pujcecd so far as to 
end in a total rcjilat'emcut of tho coal scam by car- 
houaceous shale, of no commercial use. Tho coal 
may gradually ])a.ss, in like manner, into clay iron¬ 
stone or into oil shale. Tho origin of coal soams 
has been a fertile source of diversity of opinion for 
a long time. The orthodox view is that it has been 




; o|Xe toi^^W^h 

,gr 6 wtb ipok fiaob hta be^t^ii&db^g^glliiiettti^W 
8 bb(AdB&c(f‘".A|iotter View, held »ti^89iih bjA'i^y 
' » unBU-nttbiberU fezionti that; ehneB,»i 6 eai 

rapreBentsitibnfflriae dep^ttulor^ea (iff ^ She i^oUthtr 
ottlte blight 'dopm the vegetable spoils, 

of‘the lOocK ^he aalu dissolved in the &ee wato, 
and especially tiie sulphate of linie, kro sU]^ 8 e^to 
have bi^ ooncesabd' in bringing about ,eonfe of the 
chemical changes which have altered the compdsilion 
of the ve^tabld "substanoes. The varying powers of 
resistance to maceration presented by tho different 
vogetal^le iShnstitucnts, and the sorting action of 
water in mbtion, are saffidont to sSec'mnt for the form¬ 
ation of the layers pf different composition. The 
most essential feature required for ilto growth of the 
plants that give rise to extensive bods of coal seems 
to be a moderately warm and Lnmid climate, which 
han but a small diurnal and annual range of tempera¬ 
ture. Goal oceprs in rocks of almost all ages, from, 
those of ^aifmnifeiouB times—which afford the chief 
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also “ out out ” (aA rediove) the strata, indfudhig.tha > 
part of the coal seamei iuvatled, wherevewthey>oe^^ , 

' Ihe intrusive rock generally passes info the epnditiqh , 
of Whitb Tbap. or White'H oB8is,in'fhe nnlgbbqf^-f i 
hoo<} of the carbonaoeous matter, chiefly^ aeon- * 
seqnenco of the Mucing action of this latref tfpon ' 

* the iroh compounds present ip the intrusive maw.-.^ > 
j. j.a. * * 

^ Coal Dust {Moulding). DUxed with foundry ean4 , 
for moulding, and also itsed as blacking ($■«.), or* ' 
facing for the mould itself. ^ •* ^ 

Coal Gas. See Gas Makitfactube. ' ^ 

Coal Tar Distlllatioii. SeeiiJ^s MitruFACTusa: ,, 
Coal Tab Distillatiok. % f* 

Coal Tar Dyea. See Dyes and DvEilto. * ^ 


supply of Western Euro|)e—down to others of com- 
paratu'ely rhnent age. Coal of Lower New lied or 
“l%rmian” age occurs in Westmoreland, but it is 
of no confmefdal value. Coals of Jurassic age occur 
in thh Nprth of England, and have long been worked 
for fuel in Nortb-Eastern Rootlaml. Coal of Neo- 


Coarse Hard {Mng., etc.) Applied to emery and 
emery wbeels used for rough work. 

Coarse Metal {Met.) See Coffer. 

Coarse Stuff {Plast.) Lime and sand mixed with 
hail for thd first coat of plastering. 


cornian age is known in the South of England, In 
other parts of the world coal scams in every respect 
like those occurring in British C.srboniferous rocks 
have been worked in strata belonging to all geological 
horirons, ranging from raheozoic up to those of Late 
Tertiary age. The coals worked in the Midland 
counties, in Wales, and the jiarts of England 
adjoining, penain-to the Upper Caibonifcrousrocks; 
Imt in the North of England, ami in Kouthem Scot¬ 
land, commercially important coal seams also occur 
in rocks of Lowei Carboniferous age. The coal seams 
woikrtd in Ireland arc UMially regarded as being 
exclusively of Upjier Cai iMmiferous age. Amongst 
tho changes which coal has undergone below ground 
is tile develo]>mcnt of two (or more) sets of cross 
frai’tures periiemaBular to the jilanes of bedding. 
These divide tho coal scams into nearly r(*ctangular 
portions at close hoiizontal intervals. These natural 
divisi<nial planes or joints aic known as tiie Cleat. 
They are important factors in the “winning" or 
extraction of the coal. Scveial other factors wlucli 
affect the profitable working of coal remain to bo 
noticed. One of the most important is the natnre 
of tho “ n>of ” or bod overlying the coal seam. It is 
im}X>rtant, in this reaiiect, that the roof should bo 
rigid enough to stand, without much artificial sup¬ 
port, over the parts whence the coal has been mined. 
Another jhiotor is the amount of inclination from 
^ the horizontal position which the strata, ineduding 
* the coal scanis, have undergone. Tlio presence or 
the absence of the planes of dislocation (Faults) is 
always an important consideration. The facilities 
which the mtsition of tho mine affoifl foi both ventila¬ 
tion and drainage arc, again, of much importance. 
Lastly, the UabiUty of coal scams to be Cur Out 
(is. to disappear, or bo suddenly terminateil) has 
to be taken into consideration. One cause of this 
nature is due to old channels of erosion, along which 
the coal has been locally removed while the rocks 
were in process of formation. These are called W Asu • 
0UTB. Another is due to tlie praseucc of sandbanks 
or other rising ground, against which tlic deposition 
of the carbonaoeous matter has locally terminated. 
These banks are known as Hobses. The remaining 


Coat Armoiir {Her.) (1) A coat or garment, 
Itearing armorial insignia, which was worn over 
armour. (2) Armorial in-signia borne by a gentleman. 

Coating {Paint.) A preparation of plaster placed 
on the wall for fresco paintmg. 

Coating Machine {Paper Manufae.) A machine 
used for making “art" jwiier bv coating onlinary 
paper with mineral mattei, sueh as China clay, etc. 

Coat of Anns {Her.) As now understood, a 
complete and distinctive heraldic composition: 
derived originally from the ooat armour (jf.r.) 

Coat of Mail. A iiiece of armour for covering the 
upper p.ut of the Ixxl), consisting of interlaced rings 
or overlapping ifintes of iron or steel, attached to 
a strong linen or h*atlier jacket. The Greeks and 
Romans wore coats of mail, termed respectively 
“ tiioiBx,” and “ lorica.” See Abmoub (Mail). 

Cobalt, Co. Atomic weight, 69. A white metal 
• with bluish shade (sp. 8*7), harder than iron; 
magnetic. melts at 1 .>(Kr: unchanged in air: slowly 
dissolved by hydiochloric and sulphuric acids, 
quit kly by nitric acid. It is used in electroplating; 
articles so plated are described as “superior nickel 
plate.” Obtained by stiongly heating tho oxalate 
out of contact with air; or reducing the oxide in 
liydrogen or by heating it with aluminium powder. 
&■.** Goldschmidt's rBOCSss. Occurs with nickel, 
and also combined with arsenic and sulphur. This 
element has not been found native, but it exists 
in combination in nature in the minerals Smalttms, 
Gobaltine, Ertthkine, Asbolake, and other 
rarer ones. * 

- {Bee.) A useful blue pigment of a greenish 

hue. It is quite ])ermanont, and works better in 
water than it does in oil. 

Cobalt Bloom {Min.) A synonym for Ebythbikb 

(q.v.) 

Cobalt Compounds. Cobalt Okidb, 00,0^. An 

oxide of this formula is prepared on a largo scale 
for making Smalt {nee below), and for enuring 
glass and porcelain blue, and for preparit^ litobalt 
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salts. The cobalt ore is roasted, dissolved in acid, 
and treated vrith snlphnretted hydrogen to separate 
arsenic, bismnth, etc.; the eolation is then pre- 
dpitati^ with sodiom carbonate, and the precipitate, 
treated with oxalic acid, gives a mixture of the 
insoluble oxalates of nickel and cobalt. On adding 
ammonia and leaving exposed to air, the cobalt is 
dissolved and the solution evaporated, and the 
residue heated in air gives the oxide. Bmalt is 
a doable silicate of cobalt and potassium, and is 
made by heating cobalt oxide with potassium 
carbonate and finmy divided qviartz; it is extensively 
used as a pigment. Cobalt Chlobioe, OoCl^, is 
Idue when anhydrous, and pink when in solution, 
and is obtained by action of chlorine on the metal or 
solution of the oxide in hydrochloric acid. Cobalt 
Nitbate, Co(NO,)jp a red deliquescent crystalline 
solid obtained by dissolving the oxide in nitric acid. 
It is used in blowpipe analysis. Bolutions of cobalt 
salts are used as Byhpathbtic Inks— the pale pink 
writing is almost invisible, but when warmed before 
a fire, a trace of moisture is driven off, and the colour 
becomes blue and is visible. 

Cobalt Oreen {Dec.) A pigment composed of zinc 
and cobalt oxides. It is permanent, but inferior to 
chrome green (y.r.) 

Cobaliine {Min.) A sulphide and arsenide of 
cobalt, CoAsS. It occurs in tin>white crystals of the 
cubic system. The crystals usually have a faint 
pink tinge. Also found ma8.sive. It is used in the 
manufacture of smalt. Found in Cornwall, many 
localities in Sweden and Norway, in Westphalia, etc. 

Coca, Erythroxylon Cocm (order, Erythroxy- 
laeetse). The dried leaves are used for the preparation 
of the alkaloid Cocaine (s’.!;.) 


Oocaijie. A white crystalline solid; melts at 98°; 
readily soluble in alcohol, chloroform, and ether; 
with difficulty in water; Isevorotatoiy. It is a vain* 
able local anaasthetic; very poisonous. Occurs in 
leaves of Erythroxylm eoea ^outh America), and is 
obtained from the leaves by treatment with caustic 
soda and petroleum of high boiling point. From 
solution in petroleum tbe hue is extracted by hydro* 
chloric aci(l, giving a crude hydrochloride, which ia 
purified. It is also largely produced, synthetically, 
from ECOONINB, obtained from the mother liqnor 
resulting in the preparation of cocaine. Tbe eogo* 
nine is converted into the methylester by methyl 
alcohol and hydrochloric acid gas, and this is then 
treated with benzoyi chloride,yielding cocaine hydro* 
chloride. Cocaine is recognised by the pleasant 
smell of methyl benzoate, which it gives on warming 
for some time with alcoholic potash, and by its 
numbing action when a drop of its solutiun is placed 
on the tongue. The following facts arc important in 
relation to the constitution of cocaine: Boiled with 
water, it gives methyl alcohol, (CH,OH)i and benzoyl 
ecgnnine; boiled with strong acids, it gives methyl 
alcohol, benzoic acid and eegonine; cocaine can be 
reproduced from these {tee above). It is a tertiary 
base (j.i’.) Eegonine contains a methyl group at¬ 
tached to nitrogen, as it yields methylamine, 
(CH^H,), when heated with baryta; it is an alcohol, 
a.s it loses one molecule of water and forms An- 
HYDBOECGONINE on treating with acetic anhydride 
and hydrochloric acid gas. AnhydroeegoninC is an 
acid, and it is unsaturated because it adds two 
atoms of bromine; also, on heating with hydro¬ 
chloric acid, it loses car^n dioxide and forms tro- 
pidinc. This last fact establishes the relation tci 
atropine. These facts are all explicable by the 
following formuise: 



Taopiunrs. Tbopisb. Atbopikk. 


OoeenluB IndiCBt, The one seeded dry fruits of 
B Malayan climber, Anamirta coeffulu* (orfer, 
Menitpernmcece), Used in medicine and sometimes 
as acytdullerai^g* agent in porter, etc. The seeds 
Qontom an alkaloid, Picrotoxin. 


Cochineal. The scale insects allied to the common 
plant lice (Aphit) include the cochineal insect, 
Coeem eaeti (order, Dhyneheta), which infests a 
Mexican cactus (ses OPUNTIA). Tbe wingless female 
insect, dried, is the source of tbe colouring matter. 
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The dried bodies are treated with boiling water and 
a small ^[nantity of alum or cream of tartar, nnder 
which treatment they yield a rich crimson pigment 
nsed in the mann&ctnre of Carmikb and other 
LaKKB (;.«.) See Dtes and Dybino. 

Ooek A general term used in engineering, 

etc., fora tap for the i)assage of water, or other fluid, or 
occasionally for some other form of valve opened by 
hand. The word “ tap ” (y.r.) is applied by engineers 
to a special tool for catting internal screw>threads. 

Gookatrice. A mythical composite creature partly 
serpent and partly cock, identical with the l:^lisk 
(?•».) 

Cooked Bead {_Carp. and Jain.) A half round 
bead standing above the general surface of the work. 

Cookling {Textile*). Irregular weaving of warp 
threads caused by uneven tensioning, thus giving a 
raw appearance to the cloth. 

Cook’s Ey^ {Plumb.) See Bibd’s Eye. 

Cook Up {Typiig.) Applied to a large type used 
as the initisd letter of the first word of a book or 
chapter, the foot ranging with that of the other type 
in the line. 

Cocoa. This article of food is prepared by roasting 
and grinding the seeds of Theobroma cacau (order, 
Sterculiaeete). The fruits contain from fifty to a 
hundrpd seeds. Cocoa is nutritions, containing a 
largre amount of fat and starch. Ihs active principle 
is Theobbomikb {q.v.) It is often adulterated by 
the addition of sugar and starch, also by mineral 
matter, which is added for the purpose of colouring. 

Coooanut. Coeo* nucifvra (order, Palmm), This 
tropical palm is the source of many important 
economic products. The fibrous covering of the nuts 
is used for matting, brushes, and ropes. 

Cocoon. See Kilk. 

Cod. Tlie codfish, Gadu* (family, Gadidee), 

and its near allies form an important economic group 
of food fishes. TJjui oil and skins are also valuable. 
See Cod Liveb Oil. 

Coda {Mmw). A tail or ending : that portion of 
a composition or movement which serves as an 
ending. 

Codeine ( 6 /ii«m.) C|,H]g. CH 3 . NO,. An alkaloid. It 
forms colourless cry.stals; soluble in water (1 in 80); 
readily soluble in alcohol and chloroform. It is 
methyl morphine {see Morphine), and its physiolo* 
gical action is similar to that of morphine, but less 
in degree. Occurs with murjihine in opium (-3 to 
2 per cent.) It can be made ^m morphine {q.v.) 

Codetta {Miuie), A short coda. 

Cod Iiivep Oil. A valuable oil obtained from the 
liver of tlie common cod. Of the three varieties, 
^e, pale brown, and brown, the first only is used 
for medicinal purposes, and is obtained by steaming 
fresh livers taken from the fish as soon as they are 
brought ashore. The other two varieties are obtained 
from livers partly decayed, and are largely used in 
the manufacture of certain leathers. 8 p. gr., 0*922 to 
0*930 at 60® F. 

Coefficient. A numerical quantity (commonly 
obtained by*^ experiment) which enters into a formula 
as a multiplier. 

Coefficient of Elsitloity. See Elasticity. 
Ooeffioicnt of Ezpuiaion. {Heat.) /.V'cE xpansion. 


Coeffloient of Friction. See Fbictioh. 

Ooefflelent of Leakage {Meet. Ping.) The ratio of 
the total number of magnetic lines produced by"' the 
field magnets of a dynamo, etc., to we total number 
which passes through the coils of the armature. 

Coeffloient of Magnetie Indnotion {Meet.) See 
Pbbmeability. 

Coefficient of Magnetisation {Meet.) See 
Susceptibility. 

Coeffloient of Mntnal Indnotion {Meet.) If there 
be two neighbouring circuits, and unit current in 
one of them cause a certain number of lines of force 
to pass throi^h the second circuit, then that number 
of lines is termed the COEFFICIENT OF MUTUAL 
Induction of the two cirouits. 

Coefficient of Bigidity. See Biqidity. 

Coefficient of Self Induction {Elect.) The total 
number of lines of force that are caused to pass 
through a circuit by a unit current flowing in it. 

Coefficient of Tpansforaiation {Bleed. Eng.) The 
ratio of the E.M.F. in the secondary coil of a trans¬ 
former to the E.M.F. in the primary coil. See alto- 
Tkanbfobmer. 

Coelom -{Joology). A term applied to the body 
cavity of an animal. The coelom is bathed in a 
watery fluid (the serous fluid). 

Coopcive Force {Elect. Eng.) The amount of 
magnetising force that must be applied to an electro¬ 
magnet in the reverse direction to the origitlal force 
which was used to magnetise it, in order to reduce 
the remaining magnetism to zero. The better the 
quality of the iron the less the remaining magnetism; 
hence the less the coercive force necessary. See alto 
llYSTESESIB. 

Coerulein, Cemlein. See Dyes and UvEiNa. 

Cmmleiim {Paint.) An artist’s pigment of a 
greenish blue hue. It is made from oxides of tin 
and cobalt; is perfectly fast to light {i.e. is not 
affected by light). It may be imitated on the palette 
by mixing ultramarine, viridian {q.v,% and white. 

CcBur {Her.) Sometimes used to denote the 
centre of a shield; otherwise called the centre or 
fesse point. 

Coffee. The so-called Coffee Beans are the 
horny seeds of a cherry-like fruit, Cqffea aroMea 
(order, Rubiacea). Coffee has a stimulating effect 
on the nervous system, its active principle being 
Caffeine («.».) Coffee is frequently adulterated, 
more especially when sold roasted and ground. The 
adulteration can be detected by microscopic examina¬ 
tion. The addition of chicory is perfectly legitimate, 
providing that disclosure is made of the mixture at 
the time of purchase. 

Coffer {A rchitect.) A sunk panel in a dome, vault, 
or soffit {q.v.) 

Coffer Dam ( Civil Eng.) A water-tight enclosure 
constructe<l in a river, lake, etc., reacb^ from the 
bottom of the water to the surface. It is emptied of 
water by pumps to enable engineering or building 
operations to be carried on in the bed of the river. 

Coffered Coiling {Plast.) A ceiling moulded in 
the form of panelling. 

Coffering (Mining). Lining a shaft with masonry, 
the stones being shaped in plan Hke the voussoirs of 
an arch, and built up into successive circular courses. 
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Co^ {SuUd.) Sec Cooo£D Joint. 

—— {Ung.') The tooth of a gear wheel; more 
especially a wooden tooth, formerly much used in 
UOBTIOB WhBBIiS {q,.V.) 



. (Met.') The conversion of steel ingots into 
blooms in a cogging mill or rolls. 

Gotfniauioe (Her.) A badge or device adopted as 
a distlnctiTe mark, not placed upon a shield, or used 
as a crest ; e.g. the ostrich feathers of the ITince of 
Walea 


Ck^oioente (Art). A connoisseur. 

Oofaerer (Meet.) A form of detector for electric 
waves. See WiBBLBas TBLBaBAPHY. 


Cohetf on (Pkyt.) The property of holding together 
possessed by the particles of a .solid or (to a less 
extent) by a liquid. 

Coif (1) In early use, a close fitting cap or 

hood tied under the chin and worn out of doors by 
both sexes. The bead covering of women in foreign 
countries. (2) A cap worn by serjeants-at-law, after¬ 
wards represented by a white border or a small patch 
of blaciBsllk on the top of the wig. 

Coil (Eng., etc.) (1) A number of turns of wire, 
rope, etc. (2) Tams of piping used for the purpose 
of radiating heat. (3) In electricity, a number of 
turns of wire (usually insulated) wound either on a 
solid core or on a hollow reel; e.specially an 
Induction Coil (q.e.) Sec aino solknoid. 

- (Meter Car). Au Indctction Coil (^.r.) 

which gives a ho^ spark for igniting the explosive 
charge in the cylinder. The coil is usually worked 
by an accumulator of two cells, giving abimt 4 volts. 

Coiler (Cotton Spinning). A mechanism attached 
to the canling and drawing machines for coiling the 
strands or Slivbbs {q.v.) in a sjiccia] tulK^-shaixid can. 

Coins. Flat pieces of metal of various thickness 
and value, generally bearing the image of the 
sovereign, or some symbolical figure or figures. 
Ancient coins, especially those of Greece, are of 
great importance as objects of art, and they also 
serve to Ulustmte the history of art. See Blanks. 

Cointiae (Cost.) A fanciful dress. The peiu.lant 
scarf on ladies’ headdresses; sometimes worn by 
knights on their helmets in jousts as a “ favour.” 

Coke. The product of the destructive distillation 
of coal (ef. Ohabcoal). Gas Coke is the result of 
heating coal in retorts in gasmaking. OvBN Coke, 
or HABD Coke, used for smelting and various metal- 
lur^cal operations, is manufactured iu special ovens 
or fumaoeu The essential requirement in coke used 
for these latter purposes is freedom from sulphur, 
arsenic, and jtbospborae, but up to the present time it 
has not been found possible to eliminate all .«ulphur. 
Coke is also used to a large extent as a medium for the 
imeterial treatment of sewage, for which purpose it 
seems to anssror well. 

Coke Bed (Met„ Foundry, etc.) (1) A layer of 
edee placed at the Wtom of a cupola. (2) A layer 


placed below large moulds, forming a porous mass 
which affords a means of escape for the gases pro.^ 
duoed duripg the pouring of the metal into the mould. 

Coke Breeee. Crushed coke; used pe fuel, as a 
filling for hollow fioois in building, and for varions 
other purposes. 

Coke Mill (Foundry). A miU for grinding coke 
into povrder for use as blacking (q.r.) in a foundry. 

Coke Plate (Met.) Thin sheet made from ordina^ 
puddled iron. It was originally so called to dis¬ 
tinguish it from iron refined by means of charcoal. 

Colas’ PpooesB (Photo.) A printing prooess in 
which the paper if coated with ferric salts, whiep 
are converted into ferrous salts under the action of 
light. The print is developed by gallic acid, which 
blackens the portions unacted on by the light. This 
process gives a negative from a negative, and a 
positive foom a positive; hence, in copying a tracing, 
it gives black lines on a white ground.* 

Colcothar (Chem.) The commercial name for a 
red pulverulent ferric oxide, (Fe^O,). Also known as 
Rouge. 

Cold Air. See Befbigebatobs. 

Cold Bend (Eng.) Te.sting iron bar and plate by 
bending. The angle at wliich cracking begins is a 
test of the quality of the iron; hence this is omen laid 
down in the specifications of contracts for ironwork. 

Gold Blast (Met.) The old method of working 
bla.«t furnaces, etc., by a blast of cold air; it was 
loss economical, but produced a better quality of 
iron than the modern Hot THast. It is now almost 
obsolete. 

Cold Chisel (Eng.) A chisel of strong hard steel, 
made of one piece of metal, and tempered so as to be 
able to cut iron when struck with a chipping hammer, 
but not made .so hard as to be liable to fracture under 
the blows. This requires the steel to be tempered to 
a colour varying from brownish yellow to light purple, 
i.e. fiom to 'sJd® F. See, Tempbiukg. Also 
used for cultinsr brick, stone, 

Cold Iron Saw (Eng.) A small thick circular 
stiw with the cniting edge of the teeth parallel to 
the axi.' of the saw ; run at a slow speed. 

Cold, Production of (Phyeice). See Refbiobba* 

TOES. 

Cold Rivetinj^ (Eng.) Closing up rivets without 
previouslj luating them. This method of riveting 
is always used with copper rivets, but is not used 
with iron ones, except in the smaller sizes. 

Cold Rolling (Eng.) The rolling of iron, cold, 
gives ciui'-iderahle tensile strength, but lowers the 
toughness; much greater smoothness of surface is 
obtained than when rolled hot. 

Cold Set (Eng.) A short o', isel fastened to a long 
icd at right angles to its length, used by smiths for 
catting iron bars Without beating. 

Cold Short (Eng., Met.) Iron or sterf which is 
brittle “ in the cold ” (i.e. below a dull red). Tliis 
defect is chiefly due to the presence of phosphorus, 
arsenic, or silicon. Cf. Red 8hobt. 

Cold Test (Eng.) See Cold Bond. 

Cold Water Test (Eng.) Hydraulic testhig of a 
boiler with cold water, as distinguished from tests 
with hot water or steam. The water is forced into 
the boiler under pressure, and the seams, etc., are 
examined for leakage, yielding, etc. 
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^ ^ shaft eithpt tamed up 

oat of the solid metal or added as a separate piece, 
osoidl; to preveat end pla7 or longitudinal motion 
of the .shaft. * 

- An ornament in the form ofr a 

chain worn round the neck, especially as the insignia 
of an order of knighthood. A collar is part of the 
investittue, and’is worn by the knights of the follow* 
ing*EngliBh Orders; Order of the Bath, 8t. Michael 
and St. Qeoige, wd the Star of India. 

CoUarcd Wearing a collar. 

Cellaring The adhesion of a bar to the 

rollers during the operation of rolling. 

Collar Roof {Car}!.) A roof flaving a horizontal 
beam (collar) fixed to the rafters one-half or one- 
third of the way up, to prevent them spreading or 
sagging. 8e* aUo BOOFS. 

Collate {Typog. and Jtind.') To examine or to 
place in order, by their signatures, the sheets of a 
book; a SiaKATUitB being . 1 . letter or figure in the 
white line at the foot of the first page of each slieet 
or section of a book. 

OollaYoce (MuMo). With the voice. Used in 
accomjjaninK'nts. 

Collecting Rings {Jilleef. Eng.) The insulated 
rings on the shaft of an alternate current machine 
by which the current is led away from, or into, the 
machine from the external circuit. They are used in 
most cas(!s when a current has to be led into, or out 
of, any circuit (e.g. a Rotoh, ^.r.) tiarried on a re¬ 
volving shaft, Kach end of the wire forming the 
circuit is uttiichcd to one ring ; a brusli or conductor 
of suitable form, supported by an insulated hohlci, 
presses on each of tlje rings as they revolve; the 
externiQ circuit is connected to these conductors, and 
through them to the revolving part of the machine. 

Collidines (fhem.) The Tbimkthyl Pybidines. 
See lYKlbiNK. 

Collodion. A .solution of 1 ’yboxyline (tf.r.) in 
alcohol and ether. It is used in making artificial 
silk, plates for plioWgruphy, and for covering small 
wounds to exclude air, etc. Collodion-covered or 
“ wet " plates are now snjjcrseded in ordinary f^os 
by gelatine films, but are still used in certain special 
kinds of photographic work. 

CoUoid iP/ig «.) Substances of the nature of jelly 
{ 0 ,g. glue, gelatine, albumen). They are non-crystal¬ 
line, can only diffuse very slowly t hrongb a membrane, 
and probably possess very large molecules. 

Colloidal (Phys) Having the properties of a 
CoLiiOlD (g.v.) Many bodies, e.g. silica, can exist Ixrtb 
in a ciys^ine and in a colloidal or amorphous form. 

CidOgno Barth CPaint.) A deep brown pigment 
prepared from lignite or partially fossilised wood. 
It is transparent and durable. 

Cologaa Tellov (Paint.) A pigment produced by 
mixing chromate and sulphate of lead with sulphate 
of lime. 

Colon (Typog.) A punctuation mark, thus : 

* Colonnade (AroMteot.) A range of columns either 
attached to a wall or at some distance from it. See 
POBTIOO artrf I^HBISTYUUM. 

Colophon A device or emblem placed at 

tlic end of a book or manuscript. Formerly (i.e. in 
early printed books) it conveyed the information now 
given on the title page. 


ColoMUS (Soulp., etc.) A statue or figure many tiizaes 
larger than life size. Amongst remea-kable^annples 
aie the statue of ApoRo at Rhodes, the Bgyman 
Rpbinx, the figure of Osiris, and the modem siitho 
of Zdbeny, from the design by Bartholdi, eireoted atss. 
the entnwjce to New York harbour. 

Colon]* (Bctany). Any part of a plant whli^ is 
not green is said to be coloured.” Hence, in botany, 
a white fiower is said to have colour. 

- (Build.) In the builder’s use of the wwd, 

to “ colour ” is to iiaint either in oil or distemper : the 
term is applied chiefly to work on walls or ceilings, 

- (Phyi.) The sensation of colour is due to 

the effect (or sensation) produced upon the retina of 
the eye by light of some particular wave length (j-V.), 
or by a mixture of light of several wave lengths. 
The sensation is only produced by light whose 
wave length varies from about ‘00003938 cm. to 
•00007594 cm. Waves lying outside these limits are 
not detected by the eye, though they may be detected 
by other means, such as their thermal or their 
chemical effects. A given colour can only be fullv 
described by means of three properties which it 
possesses': (1) Hue or Tint, (2) LuxiKofilTY, and 
(3) PuBiTY. The first of these depends on its fre¬ 
quency, and is analogous to the Pitch (ff.v.) of a 
sotmd; the second depends on the amplitude of the 
vibrations, and is analogous to the Loudness of a 
sound; the third depends upon its freedom from 
admixture with white light, and is to some extent 
analogous to the Timbre or Quality of a soni^. The 
colour of an object is due to the light which n. sends 
to the eye; accordingly, in the case of a body which 
is not self-luminous, the apparent colour will 
depend upon the nature of the light by which the 
body is illuminated ; it is therefore not an inherent 
property, and will vary when the object is viewed by 
different kinds of light. In ordinary language, the 
colour of a body means that particular colour or hue 
which it sends to the eye when ib is illuminated by 
siinligj’.t, either dii-cct or diffused. Sec alto CoixiUBS 
(Pigiiie/Ut). Rpkctbum, Kpbctbum ANALYSIS, ete. 

Colour Base (Che^n.) The name given to a basic 
substance which is itself colourless, but whose salts 
are dyes. Thus triamidotriphenyl uarbinol, 

C-CgH,NHj 
(!)H 

is colourless, but its salts are dyes of an intense red 
coliiur. 

Colour Bllndneu (Light). The inability of a person 
to distinguish one-colour from anotlier. It coirosijonds 
to the lack of a “ musical ear,” which is the inability to 
distinguish tones or sounds of different frequencies. 
Both these defects are usually partial only; a colour¬ 
blind person is as a rule able to distinguish certain 
colours, but not all. 

Coloured Screens (Photo.) See Photog«aphy in 
Colours and Ibochbomatic Photogbaphy. 

Colouring (Paint.) A term used with reference 
to the manner or style in which the colours have 
been handled in a painting, bat more especially with 
reference to the general effect prodr.oed by. the coloum 
employed. See Coloubist. ’ 

Colourist. A painter who excels ot who earns at 
excellence in colouring, i.e. brilliance and harmony. 
The painters of the Venetian Seboe^, notably Ti^u 
and Veronese, excelled as colourists, as also did 
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Velasquez, llubens, Rembrandt, Eugene Delacroix, 
Constable, and, in recent times, some members of the 
pre-Bapfaaelite School. 

Coloorleii A green part of plant is 

said to be coiourless. See GoLOVB (^Botany). 

Colour, Local. Tone or colour appropriate to a 
puticular object in a picture ; realistic representation 
of scenes, with proi)er accessories. 

Colour Photography. See PHOTOQKaPHV in 
COLOUBS. 

Colour Priitting. See PBiNxrNa; Chbomolitho- 
eKAPHV,w»Mf<T the head Lithogbavhy ; and, Chbomo- 
XTLOGBAPHY, wuliT the head Engbavikg (Chbomo- 
XYLOOBAPHY). 

Coloum (IHffments, Dee., rtr.) The word colour is 
commonly applied to pigments used for imparting 
colour to various objects. The study of this subject 
is a very complex one, and is sarroun<le<l by many 
difilcnlties, not the least uf wliich is the fact that the 
colour sense varies largely in difiEcrent individuals, 
while about one irerson in eighteeu is partially colour 
blind, i.e. cannot distinguish between (“ortain differ¬ 
ent colours. There is no settled nomenclature for 
colours, and this adds to the difficult^'. A consider¬ 
ation of colour may conveniently be divided into two 
distinct parts, one relating to colour in the scientific 
sense {$ee COLOUB), and the other the colour of the 
art Lst, dyer, and house painter. Colour has no con¬ 
crete existence, but mu.st be considered mei-ely as a 
sensation. A plant, for example, which is of a bright 
green colour when viewc<l in the daylight, loses that 
colour wholly wlicn taken into a dark room. All 
objects are seen by rays of light reflected from such 
objects on the retina of the eye by means of a set of 
lenses. Certain nerves susceptible to colour are 
excited at the same time, so that a perfect pict.ure 
as to form, colour, and sliading is prodmed. 
Ch-dinary sunlight is not simple, but complex, c(»n- 
sisting of all the colours in combination. This was 
first demonstrated by Xewton in his classical experi¬ 
ment. He pierced a bole through the clo.scd shutter 
of a window upon which the sun was shining, so as 
to admit only a beam of sunlight. Ilaiing placed a 
glas.s prism in the path of this beam, he obtained 
a spectrum (y.f.), harfng upon it all of the colours 
of the rainbow, each merging into the other imme¬ 
diately adja(‘ent to it. He tl ns cshiblishefl the fact 
that white light is composed of a number of beams 
or rays of coloured light. TJie splitting up or refrac¬ 
tion of light in order to piwUice all the colours 
in a spectrum may be done in various ways on a 
scientific basis, anch as by a glass iirism, a diffraction 
grating ({f.r.), etc. In cjw;h case the six-ctrum is 
essentially the same, including, first, red, then red- 
orange, followed by orange, orange-yellow, yellow, 
green-yellow, yeilow-greon, green, blue-green, cyan 
bIae,,Wu®. blue-violet, and nolet. We have thus a 
series of colours, one merging into the other, and 
giving a very great variety of hues. Indeed, it is 
probable that a sensitive eye can rlmtinguish between 
some two million different colours. No doubt the 
power to distinguish the small differences in line is 
a matter of cultivation. Savages are proliably able 
to distinguish only the most striking differences, 
such a.s the bright reds, greens, and yellows. It is 
probable, too, that in tlie early history of mankind 
the eye was uncultivated, and that it is among 
cultured people that the grcate.st sensitiveness in 
distinguishing colours is found Insects arc without 
doubt susce^ible to colour and it is here that 


nature causes colour to play a useful part; e.y. the 
liue of the petals of a flower is such as to attract (in 
conjunction with the perfume) the fertilising insects. 
If any colour in a s^tmm be separated from the 
rest (this can be readily accomplished by piercing a 
screen upon which the spectrum is thrown), and if 
this single colour is allowed to pass through a second 
prism, it will be found that it may again be divided 
up, ex(%pting in the case of red, green, and viqlet, 
which remain unchanged, and are therefore termed 
the tiiree I’bimaby Ooloubs. As will presently be 
explained, these primary colours do not oorrosjiond 
with what were formerly accc}>ted as primaries, viz. 
red. blue, and yellow, the latter being based upon 
the results obtained from the admixture of pigments. 
If three magic lanterns are fitted respectively with 
red, green, and violet glasses of exactly the right 
hue, and the beams of these different coloured limits 
are allowed to fall upon the same spot on a screen, 
white will be the result. There is some difference 
of opiniou as to the exact hue of the three primary 
colours named, but the cousensus of opinion is that 
the red is similar to that produced by the admixture 
of carmine and vermilion (the well known post 
red, for example), while the gi’een is emerald gseen 
(tj.v.), and the violet somewhat bluish in hue. Tlie 
most convenient method of considering the differ¬ 
ences in effect produced by coloured lights or 
coloured pigments or dyes is to consider that such 
pigments or dyes are not the colours themselves, but 
the bodies which produce the sensation of colour. 
The accepted theory is that when white light falls 
ujxin a green plant, for example, all the rays are 
absorbed excepting tlie green rays, which are reflected 
to the eye. Wlion adiuixtures of coloured light are 
made, either by means of magic lanterns or by 
K'volving discs, the result is very different from tin; 
admixture of tlie same coloured pigments. Tims red 
and green light w’lien mixed give yellow, but red and 
green jiigments > ield a brown. Rlue and yellowr liglits 
give a greyish wliite, while, as is well known,' blue 
and yeiliiw pigments give a green. In ilyes the 
difference is even more striking. David 1'ater.son 
giie.s a number of instances—red and yellow- 
gn*en in dyes give a terra, totta shade when mixed, 
but in the case of light a very pale pink; a deep 
shade of red and green in dyes yield.s black, and in 
coloured lights a grey. liliie and red dyes produce 
a dec]) red or maroon, but in light a violet ]mrple. 
The same difference is ajiparent in house painters’ 
and artists’ pigments. For example, a mixture of 
yellow and black gives a good neutral green. It 
should therefore be considered that the admixture 
of pigments changes their qualities by the absoriition 
of light,, or at least the reflected rays are, in the aggre¬ 
gate, changed, and hence the appearance is different. 
In practical work the mixture of coloured light is 
generally discarded, although a knowledge of the 
subject is essential to its investigation. When dif¬ 
ferent colours are arranged side by side in minute 
quantities, and are viewed from a distance, the rays 
of light reflected from each combine, giving practi¬ 
cally tlie same result as would be obtained, not from 
an admixture of the different coloured pigments 
employed, but of the lights they represent. Colour 
printers frequently combine colours in the same way', 
as, for instance, in preducing a series of red tints by 
"ruling up,” or introducing very fine white lines 
between t,he coloured ones. It Is stated that experi¬ 
ments conducted recently with a view to ascertaining 
which colours may be most advantageously employed 
for painting guns so os to render them least con- 
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roicnons to the enemy, resulted in tbe discovery that 
if the primary oolours were used in dots and in the 
proper proportion they would, when viewed at a dis¬ 
tance, be almost invisible, tbe explanation being that 
the light of the three colours reflected over a long 
distance combined so as to form a white light, and 
consequently the gun was rendered practically in¬ 
visible. It has already been stated tliat the three 
primary colours or sensations are red, green, and 
violet; the three primary pigments are usually red, 
blue, and yellow, and it will be observed that the 
term “ red ” is used in both cases. It need hardly 
be pointed out that “red” does not refer in each 
case to tbe same colour, which is another illustration 
of the inconvenienoe which arises from a want of 
nomenclature of colours. If th^ position of the six 
colours, viz. the throe primary pigmentary colours 
and the three primary coloun; of light or sensations, 
be taken from a spectrum, it will be found that they 
do not coincide. The red pigment is of a somewhat 
violet hue, while the red colour liglit is a distinct 
orange hue, and this explains the whole difference. 
AVe may thus set out the colours as corresponding 
with the spectrum : Red (pigment), red (sensation), 
yq)low (pigment), green (sensation), blue (pigment), 
violet (sensation). The study of complementary 
colours is one which i.s of the utmost interest in the 
Solution of problems relating to colour harmony, I 
and is indeed the foundation upon which a study j 
of the subject is founded. Speaking broadly, a 
complete colour liarmony may be said to consist of j 
such a combination of all the colours as, when 
viewed as a whole, one set*of colours tends to 
neutralise the others. Thus the eye is not unduly 
excited by a single colour, or excess of a single 
colour, as it would be when the combination wa.s out 
of harmony. A room painted in a single colour 
becomes distressing to the eye, because it unduly 
excites the nerves of that ixirticJilar colour, w'hich 
soon become tired. Setting down t he above-mentioned 
primary colours in regular order, and calling the “red" 
of the colour sensation “orange,” we have the following 
table : 


Pbimaby Coij.;wss. 

Blue is complementary to 
Red is complementary to 
Yellow is complementary to 


I'BIMABI t'OL-OUES. 
tionnatio^. 

. Orange. 

. Green. 

. Violet. 


If the spectrum bo so arranged as to form a circle, 
that is, the red joining the violet, there will be found 
to be no distinct break between the two, the red 
merging into the violet, as might be expected. A 
colour circle of this kind wm be used by the decora¬ 
tor to ascertain at a glance the coiour comple¬ 
mentary to any other colour. For example, a bright 
crimson red immediately faces, or is opposite to, 
emerald green, and this emerald green consists of a 
mixture of blue and yellow; hence we have the three 
colours which form in theory white, or a combination 
of all the colonis in one. C?oi.ot'E Mixino : Although 
the general understanding is that all colouts may be 
made from an admixture of ted, blue, and yellow 
pigments, yet in practice it is found convenient to 
use a much more extended palette. Speaking 
generally, it may bo said that the more expc'ri a 
mixer is the fewer number of palettes he will require. 
The palettes of well known artists diffw exceedingly, 
and each shows some individuality. Professor 
Church gives the following palettes: Sir Joshua 
Reynolds, (1) Flake white, yellow ochre, lake, ultra¬ 
marine, black. (2) Flake white, Naples yellow', yellow 


oobre, carmine, vermilion, ultramarine, and blaok. 
I^r John GUb^, B.A. (fifteen pigments), Chinese 
white, yellow ochre, raw sienna, vermilion, light 
red, Venetian red, Indian lake, cobalt, artiSoial ultra¬ 
marine,-indigo, Prussian blue, Antwerp blue, brirnt 
sienna, Vandyke brown, ivory black. Ohnrob gives 
the foUowing selection as a general working set for 
oils of twelve pigments: Flake white, cailminm, 
yellow aureolin, yellow ochre, vermilion, madder, 
carmine, light red, vitidism, artificial ultramarine, 
raw umber, cappagh browm, and ivory black. By 
way of a contrast, the palette of the Hon. John 
Collier may be given. This is as follows : Flake 
white, raw sienna, yellow ochre, orange vermilion, 
Chinese vermilion, rose madder, burnt sienna, emerald 
oxide of chromium, cobalt blue, ivory blac^ and 
raw umber. Many artists’ primary consideration is 
obviously the permanent clmracter of the pigments 
employed and the avoidance of those which will 
destroy one another. With house painters the cost 
is of much greater importance. The earth colours, 
such as siennas, ochres, and nmbers, and tbe cheaper 
colours, such as Prussian blue, ultramarine (artificial), 
and tbe chromes are used freely with small quantities 
of vermilion, black, and the finer colours. The 
house painter obtains a series of reiis by using 
either vermilion or its equivalent, known as fiust red, 
mixed with either white ochre or Venetian red. His 
blues are mostly produced from ultramarine and 
Prmisian blue, the former being discarded when the 
base is white lead, owing to the fact that it is 
advonsely acted upon because of the sulphur it 
(Mjntain.s. In yellows he has a variety of different 
shades of chrome yellows, ranging from a very light 
“ canary ” to a deep orange, which is almost tod. 
Cadmium yellow (^.r.), although expensive, is mo.st 
useful, while zinc yellows axe also used to some 
extant, owing to the fact that they are not affected 
by impure air, as tlie chromes are. Drabs, fawns, 
and light browns generally are easily obtained from 
a mixture of French ochre or Italian sienna, mixed 
with white lead, a little Indian red, Venetian red 
or black being introduced where necessary to give 
variety. The brilliancy of a colour in house j)aiuting 
is frequently added to by the process known as 
Glaziko (((.r.), or giving a coat of trans{iarent 
colour over a suitable ground, such, for instance, as 
sienna and lake on a Ics.s vivid but solid colour. See 
also Hcb, Tint, Shade. A. 8. J. 

ColouFB, Blended (Paint.') The harmonious effect 
produced by the gradual blending of one tone or 
colour with another. 

-, Complementary. Two colours are com¬ 
plementary to each other if, when mixed, they make 
white. It is to be noted that this is true of COLOITBS, 
but not of pigments. <Si'C COLOHKS (Pigmevts). 

-, Heraldic. See Hbbaldby. 

Colour, Shot (Textiles). A material wovtn in 
various colours in such a manner that when observed 
at different angles the colours api>ear to change. 

Colours of Thin Films (Light). Brilliant colours 
are given by anj' sufficiently thin transparent film, 
e.g. a film of oil floating on water. The colours are 
due to interference (q'v.) between light waves re¬ 
flected from the two surfaces of the film. The colours 
vanish, however, if the thickness of the film become 
small compared to the wave length of the light falling 
upon it, and the film then appears black. 

Colours, Primuy (Light). A primary colour is one 
which cannot be produced by the mixture of any 
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two. (or more) different oolonrs. The ooloure usqally 
accepted as the prunarieB .aro Bod, Green, and Blue; 
hut there are reasons for considering Violet is 
primary, rather than Blue. The question of primary 
oolours was first studied by artiste, who decided that 
they were Bed, Yellow, and Blue, as it was impossible 
to produce jngmevtt of either of these hues by the 
admurture <ff any two other pigments. But a pig¬ 
ment owes its hue to a combination of the processes 
of reflection and absorption, and experiment has 
shown that green, and not yellow, is a true primary. 
ai» Conotms {Pigments). 

OoBraxty Prismatic. See Spbctbttm and Bpbo- 
TEITM Analysis, etc. 

-I— f SeecMiilary {Paint.) Colours resulting from a 
mixture of two of the so-called primary colours {g.v.), 
or, more correctly, pigments of these colours. They 
are Orange, obtained from red and yellow; Green, 
from blue and yellow; Purple, from red and blue. 

- y Tertiary {Pami.) Various grey colours 

product by the mixture of two secondary colours 
{g.v.), such as 

red - grey, blue- --- 

grey, yellow- ^- 

grey; or violet- .; 

grey, green-grey, !§ 

orange-grey, ac¬ 
cording as the 
primaries or 

secondaries are in B \ AB 



Oolnmbier. 


'’wise 

f*ioA' 


almost invariably fails by ben^ug, not onmbiag, 
of Gie material, mud tfaemfbre the oolumn should be 
designed to resist flexure; iji. the MouJtST OV 
IXBBTIA {g.F.) of its cross section should be as large 
as it can conveniently be made. This is beat effected 
by making the oolumn hollow. A ^ven weight <ff 
material then forms a much stiffet* support tha,u it 
does if made into a solid column. 

Golumnar Btrootuve (Qeol.) A rook structuie 
which takes the form of polygonal columns, often 
hexagonal in outline. It is clearly traceable to 
the effect of cooling, upon a rock which has been 
at a high temperature; and the longer axes of the 
prisms or columns msually extend at right angles to 
the snrfoces of coding. It is often developed,to a 
remarkable extent in l»salts; but it is by no means 
of rare occurrence also in coal seams, in clays, or in 
sandstones, which have been exposed to heat. 

Colza Oil or Rape OIL C^olza oil is obtained from 
the seed of the Ihipe plant, JBraimiea tu^pus (order, 
Cruriferep), by pressure. The residue forms OIL 
Cake, used for feefling cattle. The Sil is largely 

-T. used for lubricating and illuminating purposes, 

and in lesser quantities for. making soft so^ps 
^ and blacking. When employed for lubricants 
^ it is usually thickened by blowing. See Blown 
Oil. It possesses a characteristic taste and 
smell, and when refined is pale yellow; sp. gr. 0-912 
to 0-920 at 60“ F. 

Comb {Bind., iJec.) An instrument with wire teeth 
used in Maubling {q.v.)\ it is also used in de¬ 
corators’ work. See Combing and Gbaining. 


Drawing paper 
about B4|x23 in. 
in size. 

Colninji (ArcA- 
itect.) A vertical 
support of con¬ 
siderably greater 
length than thick¬ 
ness. In Greek, 
Roman, and Re¬ 
naissance work 
the column is one 
of the chief <1ivi- 
sions of the order, 
and is again sub> 
divided into three 
parts, the base, 
shaft, and capital, 
except in the case 
of the Greek 
Doric order, in 
which the column 
bks no base. See 
ABCHITOCTUBE, 
Obdbrs of: 
Doric, Tonic, 

CORINTHIAN, 

Tuscan, Cokpo- 
eiTR, Engaged 
Golchn, and 
CabledColumn. 

- {JEng., 

etc,) A vertical 
support subjec¬ 
ted to compres¬ 
sion. An over¬ 
loaded . column 



Colukn: Roxam Dome. 


Comb Bap {Lace Mamifao.) A very accurately 
8ha;)e(] and finished bar of iron, in some cases faced 
with brass, niwn which the “comb Ifsads*’ are 
screwed side by side;, thus forming a continuous scries 
the width <if t!ie machine. 

Combed Yams {(otton Sjjinning). A good 
quality of spun yarn, usually Egyptian or Sea Island 
(.'otton, which has undergone the combing process in 
addition to Carding Oj.r.) 

Con})ber Board {Cotton Weeding). A length of 
wood or a number of wood slips placed in a frame. 
'J'hey contain finely bored holes, tlirongh which are 
passed the harness thread or coujding of a Jacquard. 
Used for keeping threads and couplings in position 
and determining their set or closeness. Also termed 
Compass Board. 

- [Silk Manufae.) Blips of wood framed to¬ 
gether to width of figured harness, and perforated 
with hfJes disposed in. lines through which the 
couplings or lashes carrying the mails and lingoes in 
monnture arc led. From this point they are con¬ 
nected by necking cords with the Jacquard machine. 

Combination {Lnee Mamtfae.) A term used in 
the manufacture of lace curtains, signifying that a 
more complex movement of the threads bos been 
necessary than in the case of ordinary curtains. 

Combination Tones (Sound). Tones or notes 
somerimeB heard wheif two notes which produce 
beats are sounded together. Their frequencies are 
either the sum or the difference of fr^nencios of 
the two separate tones which are being sonnded. In 
the first case the tone is termed a SUMMATION Tons, 
in the second a Difference Tone. In certain 
circumstances, additional combination tones, temied 
Beat Tones, may also be detected. 
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Oomldiiad Carboa Carbon chemically 

combined with iron occurs in cast iron and steel, 
some form of binary compound—a Cabsibb (j.c.) 
— probably being fomed. See alto Ibok. 

Oeaifaiaf (Cotton JSpinninfi'). Combing is a very 
important and necessary process where fine yams of 
good quality areTequir^ to be spun. The object is 
to eliminate all fibres under a certain length, so that 
thorn remaining may be uniform and placed parallel, 
thus producing a regular and clean sliver. The most 
snccessfol ia the Heilmann comber. Others in use 
are HUhner’s, Imb’s, Staub & Montford’s, Belette’s, 
CegauS, Xasmitb’& 

—— (Dec.y Oraining done with a comb, a flat 
flexible metal plate divided up into parallel tongues. 
See aJeo Qbainiito. 

—— ( Woollen Manufac .) The process of straighten¬ 
ing fibres of materials, e,.g. wool, moliair, alpaca, and 
cotton, in winch the short and nappy fibre is re¬ 
moved. The straightened material forms the Top, 
and the extracted fibres the Noil. 

Combining Weights or Combining Proportions 
iChcM.y The proiiortious in which elements or com¬ 
pounds enter into reaction witii each other. These 
proportions are either the same as the atomic or 
molecular weights or some .simple multiple or sub- 
multiple of these. 

Comht {Lace Manufar.) In a loco machine, thin 
strips of iron, brass, or steel, segmental in shape, 
forming grooves on which the carriages work. 

Gombnstion {Cleem.') I'lic e.lmmical union of sub¬ 
stances when this “ union ” is accompanied by the 
evolution of light and heat. 

Combnstion Chamber {Eng.) (1) The part of a 
fuinace or boiler fine where the major part of the 
gaseous product.s are burnt. (^2) The part of a gas 
(or oil) engine in which the exi*losion of tlje cliarge 
occurs. 

Gombustion, Spontaneous. See Spu.vtaneous 

COMBUSTIO.S'. 

Come Prlma {Mveio). {lb at the beginning. 

Comets {Aetror’ ^MdSodics consisting of or analogous 
to swarms of Mbthobites {q.r.) which describe a 
parabolic or elliptic orbit round the sun. Comets 
moving in space outside the solar system have no 
luminosity j hut this is developed as they approach 
the sun, and the mass gradually becomes differentiated 
into a dense bright part, the Nucleus, and a stream¬ 
ing Tail pointing away from the sun. The spectrum 
of a comet shows that its luminosity is not entirely 
due to reflected light; the increasing luminosity as 
it approaches the sun is due to increased activi . 
resulting in increased temperature, and is mco - 
panied by modifications in its spectrum. 

—— {Her,') A star of six points with a fiery tail. 

Oomnm The difiereiicc between a 

Majob Tone (the interval %) and a Mieob Tone (the 
interval ; that is, the interval f 

—— C^pog.y A punctuation mark: thus , 

Gomraepolal XlBes of the Microscope. See 

MiCBOSOOPB, COMHEKCIAL USES OF. 

Common Colours {Deo.^ In painters' work, 
common colours are defined os white, black, red, 
umber, ochie, etc. No “ art shades " or colours other 
than simple ones in ordinary use are included. 

Common Joists {Carp., Build J) The ordinary 
Joists (^.v.) to which the floor boards are uailed; 
they rest on the Wall Plates (q.v.) or on other 
Joists tensed Buoiebs. See aleo Flooks. 


Common Colt See Bcmvft Ohlobheb, 

under SoDlUM COHFOUNUa ' - 

Common lime (Jfiunc). That rhythm iwhi<m has 
the accents occurring alternately. Originally 
by a semicircle thus, C, to distinguish re from TbiFlE 
Time (q.v.) It is now printed thus, 

Communicable Disease. Infectious BxsbAsa. 

Commutator {Elect. Eng.y The device by which 
an alternating current produced in the rotating ooUs 
of the armature of a dynamo is converted into a uni¬ 
directional or continuous current in the rest of the 
cirimit. lo the simplest possible case, where the 
armature carries one coil only, the commutator con¬ 
sists of two segments, forming the two parts of a 
Split IItno. The segments are insulated from direct 
contact with each other, but each is connected to an 
end of the coil. In actual practice the armsture* 
always contains a number of coils, and these are con¬ 
nected to the corresponding segments or Babs of the 
commutator. The bars are strips of copper or 
phosphor bronze, arranged round the surface of a 
drum or cylinder fixed on the shaft of the armature, 
and insulated by means of mica, vulcanised fibre, 
etc. See alto Dynamo, 

Comodq (Mutw). Conveniently, moderately. 

Companionship (Typog.) A number of com* 
positors working tmder tine management of a CliOEEE 
(q.v.) 

ComparatOP ( Phyn.) An instrument for comparing 
a given scale of lengths with a Btaudard Scale. It 
consists essentially of two Beading Micbosoopbe 
{q.v.y fixed accurately at a given distance apart, this 
distance being kept absolutely constant d'^ng the 
observatioiis. 

Compau. An instrument used for describing 
circles and for takit^ measurements. See Beam, 
Bow, Hair, Triangular, Pboportional Com¬ 
passes ; nee alto Callipers and Elliptic Trammel. 

• 

-The range of sounds that can be 

prodviced by a voice or instrument; it is measured 
by the Interval between the highest and lowest 
notes. 

Compass Board (Cotton Weaving). See Combbb 
Board. 

Compass, Magnetic (Elect.) A magnetic needle 
(q.r.) mounted on a fine pointed pivot in a suitable 
ci!M': a card, graduated into degrees and having the 
cardinal points (q.r.) marked upon it, is fixed to the 
case underneath the needle. In the Floating Card 
Compass the card is attached to the needle, so that 
the diameter joining the points marked N, and B. 
makes an angle with the needle equal to the magnetic 
declination (q.v.) The card and needle are so 
mounted as to turn together; then, when the needle 
comes to rest in the magnetic meridian, the above- 
mentioned diameter will lie in the true g^eographical 
meridian. The floating card compass is very con¬ 
venient for use in an area over which the magnetic 
declination (q.v.) is constant. 

Compass Saw (Co’vp.) A narrow straight saw for 
cutting c'urves. 

Compensated Pendulum (Phyt.) A. pendulum 
provided with some means of raaintaining a ccmltant 
length during changes of temperature, i.e. of counter¬ 
acting the expansion or contraction of the rod. See 
Pendulums (Harrison's and Obaham’s)- 
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Oompeniatiii^ Golisra (JEug.) Bings or collars, on 
a slmft, that can be adjusted so as to take up wear." 
They are used especially in those machines in which 
tliere is a longi¬ 
tudinal thrust on' 
the shaft, e.g. in 
a drilling ma¬ 
chine. 

Compensatiiig 
Oear (Motor 
Cart), Dippee. 

EXTIAh Geae 
(g.r.) 

Compensa¬ 
tion Balance 

( Watcfiox, ote.) 

A balance de¬ 
signed to correct 
the errors in 
time due to vari¬ 
ations in thc- 
temperature. 

Complement. 

The difference 
between an angle 
and 90° (i.fi. a 
right angle) is 
termed the Com¬ 
plement of the 
angle. 

Complemen¬ 
tary Bows 

(Meteorol.) Ate 
Rainbows. 

Complemen¬ 
tary Colours.’ 

See COLOOB.S, C’OMPLEMENTABY. 

Complete Combustion CCni/., etc.) A process in 
which all the carl>on and other oxidL^able constituents 
of a fuel are fully oxidised ; that is, burnt up or com¬ 
bined with the maximum amount of oxygen. 

Compo (Build.) Mortar made of cement and 
sand ; the term is, of course, a builder's abbreviation 
of Composition. 

Component. (1) A single separate part of a 
machine or structure. (2) In theoretical meclianics 
the components of a force are the various separate 
forces which, acting together, would produce the 
same result as the given force. A force may be split 
up into any number of components. 

Components (Cyrlr). I’arts of a cycle such as 
the brackets, bubs, cranks, and pedals which are sold 
machined and fiuislicd ready for building up the 
frame and wheels; they are the parts which a .small 
maker cannot profitably make for himself, owing to 
the lack of elarorate machinery. 



Composing Mn^lne iTypogJ) A mechanical con¬ 
trivance for setting up type. Ine Linotype iiJO.) is 
one of the best known examples. 

Composing Rule A brass BiriiB (g.v.) 

laid in a comix>sing stick, and against which the type 
is set; it facilitates the process is shifted as 
each line of type is completed. Known also as a 
Setting Rule. 

Composing Stick (Tgpog.) An implement in 
which the compositor sets type. It has an adjustable 
part which allows the line of t^'pe to be set to the 
length required. 

Composite Opde| (ArchUcot.) A Roman mo^fioa- 
tion of the Corinthian order, consisting of a combina¬ 
tion of the Ionic and Corinthian capitals, the other 
features of the Corinthian order being little changed. 
See Ahchitectube. Okdebs of : Cobinthian and 
Ionic. 

Composite Truss (Build.) A Tbvss (y.r.) 
composed of wood and iron or wood and steel. See 
aluu Roofs. 

Composition ( Fine Arte). The combination of.the 
.several parts of a subject in such manner that each 
part i.s in hartaony with and subordinate to the 
whole, the subject being .so presented as to be both 
easily understood and agreeable. 

Composition of Forces (Mechanict). The process 
of finding wliat single force ((<r IIBSXII.TANT) would, 
if acting alone, produce the same effect a.s a given 
number of separsite forces (the COMPONENTS). See 
nhn (iRAPHio Statics. 

Composition Pedals (Mutio). A mechanical con¬ 
trivance for clianging the Stops (g.v.) on organs. 

Compositor (Typog.) One who sets or comiwses 
type. 

Compound (C/iem.) A sub.stanre composed of two 
or more elements, chemically united; i.r. so united 
a.s to produce a new subitlanr o, w hose chemical and 
physical properties differ ironS*“^hose of its con- 
.si ituents. 

Compound Engine (Bug.) A steam engine in 
which .steam i.s partly expanded in one cylinder and 
then allowed to enter a second (or low pressure 
cylinder), in which it is further cxpandc<l. A third 
or even fourth cylinder may be added, the engine 
being then termed a Triple or QuADBUFLE Ex¬ 
pansion Engine. 

Compound Harness Weaving). A method 

of mounting or tying up HARNESSES (g.v.) on a 
Jacquard, by which economy is anticipated either in 
lalwiir, designing of patterns, or cost of pattern 
cards. There arc several forms, the following being 
the cliief : (1) Bannister; (2) Damask; (3) Double 
cloth or split; (4) Quilting; (•'i) Tapestry. 


Compony or Oobony (Her.) A border or other 
ordinary divided into alternate tinctures. 

.Compo Pipe. Small gaspipiug, composed of an 
alloy instead of pure lead. 

Compose (Typog.) To set up type for printing. 

Composing Frame (typog.) A frame standing 
about breast high, on top of which the type cases in 
use rest at different angles, The lower part of the 
frame contains racks for liolding cases not in use. 


Compounding (Fug.) The addition of a low 
pres.sure cylinder to an engine which previously 
passcssed a high pressure cylinder only. By this 
means an additional aAount of useful work may be 
obtained which was previously wasted when the 
.steam was allowed to escape at a high pressure. 

Compound Levers (Eng.., etc.) A system or train 
of levers in which the short arm of one lever acts on 
the long arm of the next. It is used in large weighing 
machines and in some testing machines). 
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Corapoimd Hloroaeope (hight). A combinatloii 
of lenses in which a real and magnified image of an 
object is formed by one lens (or set of lenses) of short 
focal length, called the Objective ; this real image 
is viewed by a second lens (or set of lenses) called 
the Eye Piece, which forms a magnified virtual 
image of the flrsf image. By this means very high 
magnification i» obtained. 

Oomponiid Oils (i%., etc.) A mixture of several 
oils, which is sometimes used for lubricating. Thus 
a mineral oil is added to an animal or vegetable oil 
in order to prevent the latter from becoming too 
viscous, or in order to prevent decomposition. 

Compoond Pendulum (_Phy».) ^tSee I’ENDUiiiTM. 

Compound Radical ( Chetn.) A group of elements 
entering into and being expelled from chemical 
combination like a single element. Tims the groups 
(CN), (CH,),,(OH) are compound radicals; they 
form chlorides, hydroxides, etc., like an element. 

Compound Table {Eng.) A Table ig.v.) of a 
machine toolTo which motion in two directions can 
bo given : a third motion, one of rotation, is somc- 
tin^cs provided for. 

Compound Time (Mv$ic), iSee Time. 

Compound Train {Eng.) A series or set of 
toothed wheels used on serew-cutting lathes in which 
there are two or more wheels connecting those on the 
man<lrcl and the loafling screw of the lathe. 

Compound Winding {Elrct. IMg.) tSrc Dyxamos, 

Compressed Air {Eng) Used for driving 
mneijinevy, for ventilating, or for excluding water in 
mine.s, timnel.s, and submarine workings. The air is 
oompre.ssed by large pumps, driven by power, in a 
central engine bou.se, and is led through pipes to 
tlie machines. In mining operations the exhaust 
air, after leaving the machines, helps to ventilate the 
workings. 

Compressed Oases. Various ga^es can now be 
obtained compressed into steel cylinders under very 
high pressure, wliich may^ lie a." much as 18tK) lb. per 
square inch or even more. Large quantitie.s of oxy^n 
and liydrogen are sent out in tliLs way for uso with 
the oxyhydrogen light and for other scientific and 
commercial purposes. Chlorine (used in gold extrac¬ 
tion). carbon dioxide, ammonia, sulphur dioxide, etc., 
can also be obtained in this form. 

Compressed Steel {l*i!i.) Ingot.s of strtel which 
have been allowed to solidify under pre 8 .sure. By 
this means tlie steel becomes homogeneous, and its 
strength is very greatly increased. 

Compressibility of Oases {PJi ijg.) Gases can be 
compressed to an enormous (though nut unlimited) 
extent. Tlie relation between the ijressure and 
volume is in accordance with Boyle s law iq.r.) so 
long as the pressure is not too great. See aUo 
Elasticity. 

Compressibility of Liquids {Phys.) This is very 
slight, and can only be detected at all by vciy careful 
experiments. For practical pnrpo 8 e.s (in engineering, 
etc.) it can always be neglected entirely. 

Compressibility of Solids {Phye.) This varies 
greatly : it is very small, and therefore may be 
neglected in the case of metals and many elementary 
substances, but with sul>stances of complex constitu-. 
tion or of organic origin (such as wood, cork, rubber, 
etc.), it may become very considerable. See also 
Elabticitt. 


Compresdon {Phyt., Eng., ete.) (1) The reduction 
of the length or other dimensions of a body by the 
application of external force. (2) The CPSHIOEIKa 
or shutting in of a small amount of steam -in a 
cylinder just before the return stroke after ‘^e 
exhaust port is closed. (3) Ihe reduction in volume 
of the charge in a gas engine by the back stroke of 
the piston before the ignition or firing of the charge. 
This compression of the charge greatly increases we 
efficiency of a gas ei^^ne, as can readily be found by 
experiments. In modem en^nes the charge is often 
compressed till its pressure is over 801b. per square 
inch. 

Compression Engines {Eng.) Gas engines in 

which the charge is subject to compression {q.v.) 
This is now adopted in practically all gas engiites. 

Compression Line {Eng.) See Indicatob 

Diaobam. 

Con Amore {Music). With love, lovingly. 

Con Anima {Mus'ie). With soul. 

Con Brio {Music). With brilliancy. 

Concave Lens {TAght). A lens thinner in the 
centre than at the edges. One face must be concave, 
the other may be plane, concave, or c.onvox; if the 
latter form is used, its centre of curvature must be 
more dist^t from the lens than that of the concave 
.<urface. The focal length of a concavo lens is a 
positive quantity. 

Concave Mirror {Light). A reflecting surface 
which is usually a pait of a hollow sphere. This 
does not bring a par^lel beam to a true focus. {See 
HPHEBICAL ABBBEATIOII.) A I’ABABOLIO MlBROB 
{q.r.), which has a true geometrical focus, resembles 
a spherical mirror very closely as far as appearance 
goe.s; but its cross section is a parabola instead 
of a circular arc, thus making it womewbat flatter 
towards the circumference than a spherical mirror. 

Concentric Chock (Eng.) A Self CENTEBiNe 
Chuck (y.r. j 

Concertina. See Musical Instbumbkts, Wind 
(Keyed). 

Concord {Music\ A chord requiring neither pre¬ 
paration nor re.soiutiou. 

Concordant Intervals {Music). Are the perfect 
eighth, fifth, and fourth, and the major and minor 
iliird and sixth ; also called Oonsonancbs. 

Concordant Tones (Sound). Two notes or tones 
which, when sounded together, produce no sensation 
of roughness or discord due to beats. Tliis is not 
(lie same thing as the absence of Iwats; they may 
bo iircsont, but not sufficiently prominent to be 
deti'Ctcd by the ear. 

Concrete {Jivild.) A mixture of lime or cement 
mortar uith some coarse material, .such a» broken 
brickii, stones, slag, coke, etc. It is much used for 
foundations, heavy masonry, paving and iu many 
kinds of building and civil engineering woi k. 

Concretionary Structures (tL oL ) These are due 
in all cases to chemical action; but the precise con¬ 
dition nniler which these forces act is at present very 
imperfectly understood. Solutions of various sub¬ 
stances that happen to be present in a rock tend to 
concentrate around some nucleus, which is not un¬ 
commonly of organic origin, and the process of 
aggregation often goes on until the whole of the 
substance which happens to be within migrating 
distance of the nucleus has drained from the 
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mrro'Dndmg rock and baa collected around that 
point. Flints, nodnlea'of chert, and clay ironstone 
art) tiunQiar examples of concretions. 

CondenaatlaB {^Che>M.') The union of two or more 
molecules, which may be the same or difierent, to 
form a new molecule, the occurrence generally, but 
not always, being accompanied by the splitting off 
of water,'alcohol, etc. Substances which induce this 
kind of change are called Coxpenbikg Agents. 
Example of condensation: 

CH,. CHO 4- CH,CHO - CH,CHOH . CHjCHO 

Aldekyte. Aldul. 

= CHjCII: CH. CHO + H,0 
Crofam aitlttb^de. 

Examples of condensing agents are zinc chloride, 
hydrochloric and sulphuric acids, aluminium 
ohlorido. 

- (P^yg.') The reduction of a or vajwur to 

Its liquid form by cold or pressure or both com¬ 
bined. See also I.IQXJEPACTION OF Gases. 

Gondensed Thread ( Textile Manv/ae.) See 
ewvEB. 

Coadenser {Light\ A Mjckoscope Conuenseh 
is a lens used to produce powerful illumination of 
the slide or other object which is being viewwl, A 
LANTEBN Condbnseb, on the other hand, is not 
required in order to increase the intensity of illu¬ 
mination of the slide, but to cause the rays to 
converge after passing through the latter, so that 
they may also pass through the remaining lenses, 
which focus the picture on the screen. 

- iPhys., Eng., etc.) Any arrangement for 

condensing gases pr vapours. In a steam engine 
the arrsiniaremcnt for condensing the steam by bring¬ 
ing it into contact with either cold water or a rnid 
surface. The former arrangement, which was the 
one hrst used, constitutes an Ixjec'TION (Or Jet 
doNDENSEB; the latter, which is generally used in 
steamships, is known as a Subfack Condenseb 
(g.v.) 

— {Cotton Sjfutiiiag). A machine used in 
the spinning of coaise wa.ste yams, attached to a 
carder for the purpose of splitting up the web from 
the doffer into strips, and at the same time rolling 
it into a round stnind preparatory to tho spinning 
process. The yarns are called C'onpknseb Yabns. 
^ Cabping. 

- ( (fa* Manufac.) See Gas Manupacttbe, 

—— { Woollen Manufar.) The delivering section 
of a set of carding engines that di\ide the endle.ss 
fleece of fibres into soft fluffy threads. See Cabding. 

——Electrical. Any two conducting surfaces 
Beparate<l by a 1>1 elbctbic (y.».) A sheet of 
glass coated on both sides with tinfoil, or a pile of 
alternate sheets of tinfoil and mica, are common 
forme. Condensers are used as standard^ of elec¬ 
trical capacity in various quantitative experiments, 
and are also used in Induction Coils, Te.sla Coils, etc. 

Oondeiuer Tabes {Eng.) Tubes used in Sgbface 
CONDB i^SEBS {q.v.) ; they are usually brass, | in. and 
upwards in diameter, 

Condeniinff Affents (Chem.) See Condensation 

Ocsditituiliig (Cotton, spinning). When yam is 
talcen from the spindles it usually contains about 3 per 
oebt. less than its natural moisture. It is therefore 
OoNPl^ONED by keeping a* few days in a damp 
place, so as to rc^iain the loss. 


Gondaetuute (Ehet.) The inverse of zesistanoe: 
if the resistance of any conductor be r, i^en its 

conductance is 

V 

Condaotion of Electricity. l%e passage of elec¬ 
tricity through the material or oveottne surface of a 
body, llie nature of the process is well understood 
in the case of liquids and gases (see Condgotititt 
OF Liqgids), and there am reasons for sup¬ 
posing that the process of conduction in soU^ 
may lie of a similar nature, Le. it may be due to the 
action of lONS (q.v.) The conductivity of metals 
is much greater than that of electrolytes, but" there 
does not seem to be sufficient difference between the 
lau'g of condnetiofl through metals and electrolytes 
to make it necessary to seek an entirely different 
explanation for metallic conduction.”—J. J. THOMSON. 

Conduction of Beat. The passage of heat through 
mattfrr, without visible motion of the particles. 
These particles are probably set in vibration, but 
do not move permanently from their original posi- 
tion.s or nerjuire a motion of translat^n, as in 
CONTHCTION (q.r.) 

Conductivity for Heat, Coefflclent of. the 

amount <>f heat whicli flows in unit time through 
unit area of a layur of substance of unit thickuess 
when unit <lifference of temperature is maintained 
between the two sides. If A; be this coefficio.nt for 
.'iny sulistancc in tlie form of a plate, of area A and 
thickness d, and if r, and l>e the temperature at 
which the opposite sides of tlie plate are maintained, 
then the quantity of heat Q which flows through the 
plate in T seconds is given by the equation 

Q, 

Condactivity of Liquids (Phys.) As n rule the 
electri<;al conductivity of liquids depends upon 
charg<>s of electricity being carried through the 
liquid by the formation of Ions (q r.) in the liquid. 
These are atoms, or groups of atoms, into wliioh 
substances in .solution or liqnidare broken up by 
the acjtion of the electricity, “ Water, if pure, con¬ 
ducts little, if at all; but the addition of any 
substance w'uicii can c« split up into ions, such as 
a mineral, acid, or salt, renders it a gor>d conductor. 
This process j.s thus analogous to CONVECTION (q.v.) 

Condy's Fluid (Chem.) A liquid prejwed by 
adding potassium permanganate to aluminium 
sulphate solution. It is a good disinfectant. 

Cone (Math.) A geometrical solid produced by 
the rotation of a triangle about one side. 

- (Eng.) A stepped driving pulley (jf.o.) 

- (Met.) The cap or cover of a blast furnace 

(?•»■) 

Cone Bearing (Eng.) A bearing in which a solid 
cone on the shaft or spindle runs in a bearing formed 
by a hollow cone of hard steel or brass; commonly 
used in lathes as a bearing for the mandrel. 

Cone Clatoh (Etig.) A friction dutch in which 
the re.spective parts of the shaft carry a hollow and 
a solid cone, one fitting into the other. Them are 
caused to turn t(^ether by tho friction between the 
.surfaces when they arc brought into close oontact. 
A cone clutch can be thrown in or out of gear without 
any sudden shock to the mechanism wito whkfb It ig 
connected. 
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OoB liMUlpB (Mftiiii). With ennrgy. 

Ctotte Plate (JBlng.) A Tertical plate fixed on the 
lathe bed to eappoit the end of oylindrical work, the 
free end of wMoh revolves in a tapering hote in 
the plate, thns dis^nsing with the use of the back 
centre, and alloWiag boring tools or drills to be 
inserted thiongh the hole in the plate, in ord^r to 
act on the work as it rotates. 

Ooft Eapreurione (Jlfuric). With expression. 

Ceafonaable Saeoeasion iGeol,) Successive beds 
of rock which have been formed over the same spot 
one after the other (without any important inteirup- 
tion or hiatus, representing strata wliioh have been 
deposited in the meantime elsewhere) are said to be 
in conformable Snccessibn. If an older set of rocks 
has undergone disturbance, so as to be tilted from its 
original position, then partly denuded, and another set 
of rocks deposited across their edges, the succession 
is said to be UNCOKjroBMABLE. The relationship 
implies lapse Sf time. 


OoBiBS, CoBitaie (C%9W.> 
CH, 


H*C 

NH 

An alkaloid: the poisonous principle of Hbmikkik. A 
colourless liquid; faint mousy odour, alkaline, dextr^' 
rotatory, sparingly solnble in water (1 in'90). It is 
a powerful poison, af^ting the motor nerves so that 
the limbs become paralysed. It is obtained by 
treatii^ the juice from hemlock seeds 'with alkal^ 
distUlihg in steam, and purifying the crude distillate. 
It has been prepared synthetically, and its ooasritn* 
tion is prov^ by heating it with hydriodic acid, when 
it yields ammonia and normal octane. 

Coning (A^r-) Forming the rims of nulwaj 
wheels in the shape of part of a cone. This taper or 
conical form facilitates the turning of curves on the 
line. 





Con Forsa iMime). With force. 

Con Fnoeo (A/knc). With fire : passion. 

Conge {AreJiiteet) See APOPHyoB. 

Conger Eel. Conger vulgcerU (family, Muranida;'). 
The conger is closely allied to the true eel. and its 
flesh is much used for making soup.s. 


Conglomerate ( Oeol.) An indurated rock formed 
of rounded and sub-angular fragments of derivative 
origin, worn by the action of water and afterwards 
compacted by some cementing material. When the 
fragments are angular, the rock is distinguished as 
a Bbbooia. AeOLOMBRATiii is alw'ays of volcanic 
origin. 


Congo Red (^Chem.) 
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A reddish-brown powder. The salt is soluble in water, 
but the free acid i.s only soluble with difficulty, and 
is blue in colour. It is obtained by union of tetrazo- 
diphenyl—from benzidine (ff.v.) — with a-naplith ionic 
acid. It dyes wwl or cotton red, but the colour is 
changed to bluish shades by acid.s. It is important 
as an Indicatdb ( 7 >r.) Alkalis turn it a brilliant 
scarlet, while acids turn it blue: an alcohol solution 
must be used. It is also used as a stain in Bacteriology. 
See also Dybb akd Dyeiko. 


Con CPAsia (il/uric). With grace. 

Conioal. In the form of a Conb (q.v.) 

Coaioa] Spring QEng.') A spring produced by 
winding a strip of metal on the surface of a cone: 
often used in buffers, etc. 

Coaloid Tonilii^ C^»y.) The production of taper 
work, itsually effected by setting the loose headstook 
or poppet of a lathe out of the line of centres, and 
theli taking a cut parallel to the bed with the slide 
rest. As the point of the tbol moves parallel to the 
axis of the lathe bed, the surface of the work will 
be tamed in the form of a cone. In other cases, 
when a short oono of large vertical angle is required, 
the upper part of the slide rest is set at an angle 
with the bed/ 


CoBjugate Conduetom (Meet.) Two conductors 
are said to be conjugate if they are connected (by- 
other conductors) in such a manner that an electro¬ 
motive force in one of them does not produce any 
current ih the other. See also Wheatstobb’B 
Bbidgb. 

Conj^ato Foci (Light). Two points such that 
light diverging from one of them and falling on a 
lens or mirror, either converges to the second (which 
is then termed a Bbal Image: of the first) or else 
appears to diverge from the second (which is called a 
ViHTUAL Image of the first point). 

Coqjimction (Astron .) The position of a planetary 
body -alien its elongation (q.v.) is zero, i.e. when its 
longitude equals that of the sun ; e.g. the moon is in 
conjunction with the sun at New Mook. 

Con Mate (Miuic). W'ith motion. 

Connecting Bod (Eng.) A rod which transmits 
the motion of the piston rod to the crank pin of mi 
engine. Sec Steam Engine, etc. 

Connective Tissue (Zoology). The term applied 
to a thin membranous tissne, con.-.isting of irregular 
cells and fibres in a soft gelatinoits matrix. This 
tissue covers and supports all the organs of the 
body. 

Connector (Gaefitting). A socket on a pipe with 
a long thread and a back-nut; it serves-to make a 
joint or connection between two pieces of barrel or 
piping, either of the same or of different diameters. 

Connemara Harbla. See Bgiloing Stones. 

Connoisseur. A good ja(^e of some branch of the 
fine arts : one having a critical knowledge of works 
of art.. 

Consecutlves (Musie). Intervals occurring between 
tlie same parts or voices. 

Consequent Poles (Eleet. Eng.) Consequent poles 
may be regarded as poles (^q.v.) produced by the 
junction of two or more similm poles; they.are 
frequently employed in the magnetic cirenit (q.v.) of 
dynamos. The magnetising coils are in pairs, (me 
coil being on either side of each pole piece, and the 
magnetising forces of these two coils act in opposite 
directions. The effect is analogous to that produced 
by two (jells in parallel (q.v .); the lines of force cor¬ 
respond to the electric current, and that part of the 
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magnetio circuit irhich ooneUts of the armature and 
the two pole pieces corresponds to the exteinal 
circuit in the case of the two cells. ISee aUv 
Pykahos. 


Oonierration of Enei^ {Phyt.') Energy may be 
eommanicate<l from one oody to another, or it may 
be changed from one form to another, but it can 
neither be created nor destroyed. 



Conaole. A table 
supported by two 
legs placed in front, 
the back being 
fastened to the 
wall. 

- (^Arehiteet.) 

An ornamental 
bracket or corbel. 

Bee ModILLIOXS, 
eto. 

ConioUdation of 

clastic rocks are in some cases compacted into hard 
masses by the mere pressure of thick piles of other 
rocks which hate been dcfwsitcd over them. But 
more generally their con.solidation is due to the infil¬ 
tration of waters holding in solution various mineral 
substances which have been eventually deposited as a 
cement between the particles. Lime, iron, silica arc 
common substances deposited in this way. 

Consonance (iUWtc). Bee Coxcobd. 

- {Sou^id). The effect of Coxcobdaxt Tones 

(f/.r.) 

Con Spirlto {Mime'). With spirit. 


Constant (,Pna., Phytice, etc.') A coefficient, used 
in various formula^ wmcb depends on the dimensions, 
form, or nature of the substance or the material to 
which the formula refers. A constant may cither be 
capable of being calculated or be a quantity which 
can only be found by experiment. 


Constant Current {Elect. Ei^y.) (1) A current 
whose amount or value is allowed to vary as little 
as possible. (2) A CoXTixyous Cubbext, as dis¬ 
tinguished from an alternating current, is often 
(though not very correctly) termed a constant 
current. 


Constant Yoltage {Elect. Em^.) An electrical 
pressure or voltage kept at a uniform value, as, for 
example, when it is required to supply a number of 
lamps in parallel, so that the actu^ current in each 
lamp does not vary, even though the number of lamps 
is altered. The ordinary Louse supply of electricity 
is always on the constant voltage system. 

Constitution {Chem.) The arrangement of the 
atoms of the elements to form a molecule of a com¬ 
pound. Thus, carbon monoxide has the formula CO, 
as is proved by analysis and the agreement of this 
formula with the observed vapour <iensity; it unites 
with it< own volume of chlorine in sunlight, and so 
the most probable CoxSTlTUTiox of the product 

r*i 

(carbon being tetravalent) is 0 Wien this 

gas is treated with ammonia wc get hydrochloric acid 
and urea. Hence we infer the constitution of urea 

is 0 - C 

Constitutional Fonnulss (£%m.) Chemical 
FOBMUIiA. 


Contact BUTevonoo of Potential (Eleet.) When 
two metals are placed in contact, there is a small 
potential difference (;.r.) between them, which is 
independent of the extent of surface in contact, bnt 
depends on the physical and chemical nature of the 
metals. Contact differences of potential also occur 
between other sub-stanccs ; the most important (ases 
in practice are those of the metals and carbon in 
contact with various acids. 

Contact Hetamorphism (ffeol.) A term applied 
to the changes which are brought about in roc^ by 
the chemical action of the heated waters which are 
present where eruptive rocks are in process of forma¬ 
tion. fiolution of certain constituents, recombination, 
and incipient crystallisation result from these causes ; 
and the process may be continued in some cases so 
far that more or less complete metamorphosis of the 
rocks affected may result. The nature of the new 
minerals developed' by the change is largely dependent 
upon tliat of the original substances acted upon. 

Contact Printing {Photo.) The itsnal printing 
processes in photography in which the sensitised 
surface is placed in contact with the negative to be 
copied during the exposure to light. 

Contact Vein {Mining). A vein which occurs 
between two different kinds of country rock (g.®.) 

Contagion {Uygiew). Wlicn disease is communi¬ 
cated from one person to another by actual contact, 
the term Contagion is used. It is employed in a 
sense distinct from Infection. By this latter term 
is meant the transmission of disease through the 
medium of air, food, water, etc. Some diseases are 
both contagious and infectious. 

Contemporaneous Erosion {Oeol.) Where sedi¬ 
mentary rocks are in process of formation on the land 
or in shallow water, it frequently happens that a 
portion which has only lately been depositedf^may 
locally undergo removal. Sandbanks in deltas, or 
near the mouth of rivers, are particularly liable to 
such accidents, which may iiappen again and ^ain 
on the same spot, even withtivmn^hort s{»ce of time. 
Hence the phenomenon does not necessarily afford 
any indication of a lapse of time, as does that of 
Uncon FOBMiTY {q.v.) 

Con Tenerezza y^Mueie). With tenderness. 

Continuous Alt^ating Transformer {Elect. 
Eng.) A combination of a motor and a dynamo, 
often with the armatures on the same shaft, or even 
with a single armature for turning a continuous into 
an alternating current, or vice versa. 

Continuous Beam {Eng.) A beam which rests 
upon more than two supports. The stresses, deflec¬ 
tion, etc., are calcnlated by means of the theorem of 
Tubbe Moments {q.v.) 

Continuous Brake {Eng.) A brake which is ap¬ 
plied to a number of wheels simultaneously, and is 
controlled from one point. 

Contortion of Strata {&eol.) Piles of strata 
which have been deix>sited in horizontal positions 
may be carried dow’uward by subsidence of the easth’s 
crust, and thus bo subjected to lateral (as well as 
vertical) compression. A continuance of the process 
bends the strata into folds, which may eventually be 
so closely pressed together that crumpling and con¬ 
tortion may result. Fine examples may be met with 
in almost any region where the strata have undeigone 
much disturbance. 
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CSimtoiir i-Art'). (1) The ou^^jne of a figure: the 
expreeeiun is^ general; used when speaking of 
rounded or eiuuoua bodiee. (2) IThe line dividing 
the different coloared parts of a design. 

Conteonij ( fler.') Beversed on the field, as when 
a beast is represented with its face cowards the 
sinister side. 

Oontoon iSwrveying), Lines joining all points 
at the same given height above an assumed level, 
called the Datum Link or Datum Lbvbi., 

Contraction. The diminution in length, area, or 
volume of a body, however produced. 

Contraction of Area {Eng,) This applies specially 
to tlie diminution of the cross secAon of a bar at the 
point where it contracts in a testing machine. The 
greater the amount of the contraction the better the 
material, as a general rule. 

Contraction Rale {Pattern-MaMng). A i^ttern- 
makcr’s measuring rule, on which all dimensions are 
increased in psoportion to the amount of contraction 
which a casting will undergo in cooling: '1 in. 
per foot in iron, and *15 in. in brass, is usually 
provided for. 

Contralto (^Music), The lowest of the voices of 
women. 

ConYoction Corrente (Heat). See Convbctiok 
OF IlUAT. 

Convection of Heat. The passage of heat through 
liquids and gases by the actual motion of streams of 
heated particles, which, being lighter than the sur¬ 
rounding fluid, tend to rise as “ Convection Currents.” 
t’onvcction usually plays a more important part t,ha,« 
conductiou in the spread of heat through a fluid; 
water, for example, is so bad a conductor that if a 
comparatively sliort column be heated at the top, the 
upper layers can be ma<le to boil, while the lowest 
layett are kept a}mo.st at freezing point. 

Converter (Metallurgy). See Bussbmeb Con- 
VEHTKE and STBBU. 

Converten Tbansfobmbbs (q.v.) 

Converting (Metallurgy). The manufacture of 
steel from wrought iron by the cementation process, 
but also applied to the Bessemer process (q.v.) See 
alno Ktbbl. 

Convex Lena (Light). A lens thickest in the 
centre. One face must be convex, the other may be 
plane, convex, or concave. A convex lens gives a 
real image of an object which is farther off than its 
First Principal Focus, and a virtual image of an object 
which is nearer. 

Convex Mirror (Pkys.) A reflecting surface, 
convex in form, and usu^ly forming part of the 
surface of a sphere. The focal length is negative. 

Cooking (Hygiene). The object of cooking is to 
render food more digestible and palatable. It also 
destroys any bacteria or parasites which may be 
present in the food. The ordinary methods of cook¬ 
ing are boiling, broiling, stewing, roasting, baking, 
and frying. All cooking utensils shoulcl be kept 
scmpulously clean. - ' 

Cooling (Eng.) The cooling of cast or forged 
metal work should in general be gradual, as this 
prevents the settingup of internal stresses and greatly 
increases the strength of the object. 

Cooling Gas Enginei. See Pbtbol Engines and 
Gas Engines. 


Cooling, Newtoa’i Law of (JSeaf). The rate at 

which a body cools is proportional to the difitere^e 
in temperature between it and the medium in which 
it is placed. This law is only true when the differ¬ 
ences of temperature are not very large. 

Cooper’s Yentilaior (Hygiene). The purpose of 
this is to aot as an outlet for the vitiated air. It is* 
constructed on the “ hit and miss ” principle, and con¬ 
sists of several small pieces of glass fitted over similar 
sized openings in the pane of the window. 

Cop (Cotton Spinning). The cylindrical form in 
widch the yam is built up when spun on the mule. 
It consists of a rounded bottom, with the top or 
finishing part cone shaped. There are three sizes of 
cop spun, vit. (1) Pin cop, (2) Bastard cop, (3) Twist 
cop. 

- (Woollen Manufac.) The conical form in 

which the yam is sjmn on the self-actor (q.v.) * 

Copal. The term copal is applied to a number of 
semi-fossil resins, mostly derived from a tree, Traehy- 
lobium verrueoeum (Leguminottee), grown in Africa. 
The resin is found in the soil near the roots. It is 
largely used in the manufticture of the best varnishes. 
The most esteemed variety for this purpose is Sierra 
Leone copal, which requires a terai)e>ature of 400'’ F. 
to melt it. From it is obtain^ pale and very 
durable varnishos. 

Copaline (Min.) One of the Bitumens (j^.v.) It 
is a carbon compound with hydrogen and oxygen. 
I’ale yellow, waxy, occurring in small fragments atr, 
ITighgate Ilill, London; also called Highgath’'' 
Resin. 

Cope (Foundry). The upper part of a mould. 

- (Cost.) An ecclesiastical vestment semi¬ 
circular in form and resembling a cloak. It is worn 
by all gratlcs of the clergy and,sometimes by choir- 
men or cantors. Often embroidered, hooded, and 
adorned with orphreys, fastened by a clasp. It is 
distinguished from the chasuble as being processional, 
the chasuble (q.v.) being cucharistic. 

Coping (Build.) The projecting course on the top 
of a wall. 

Copper, Cn. Atomic^ weight, 63'6. A brownish 
red metal; melts at about 1050°; tough, malleable, 
ductile (sp. gr. 8'9). It is the best conductor of 
electricity known, and next to silver the best con¬ 
ductor of heat. In dry air it undergoes no change, 
but in moist air it becomes covered with a film of 
ba'iic carbonadi of copper. Hydrochloric acid has 
scarcely any action upon it, unless the metal is very i 
finely ^vided, when cuprous chloride and hydrogen 
are produced. Sulphuric acid does not act upon it in 
the cold, but the hot concentrated acid forms copper 
sulphate and sulphur dioxide; nitric acid, except 
when very pure, dissolves it reimily, forming copper 
nitrate and nitric oxide principally, but also some 
nitrous oxide and nitrogen. Copper displaces 
roeicory, silver, and gold from their solutions. It 
enters into the composition of nnuiy important alloys 
— e.g. brass, bell metal, gun metal, bronze, German 
silver, platinoid, etc. The principal ores of copper 
are Coppbb 1'ybitbb, Gbby Coppbk Obb, CUPBITE, 
CoppEB Glance, Malachite, Aeubitb (q.v .); it also 
occurs in a free state, especially on the southern 
shore of Lake Superior. In Wales the metal is 
extracted as follows: (1) The ore is carefully 
roasted to expel a part of the sulphur and arsenic 
which is present in it, much of the iron sulphide 
forming iron oxide, while only a little of the copper 
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■nlphide is oxidised. (2) This product is now m^tod 
to oau.‘>e the union of the oxide of iron with silica of 
the ore, and slag oontainiug copper, termed Mxxal 
H taci, from tiie fourth operation is added. The 
rf'sult of the operation is a slag of iron silicate, 
tenned Obb FubnaoB Slau, and a product called 
CoAUSB Mbtal, consisting of copper, in>n, and 
sulphur. (3) The roa.>tiug process is now repeated. 
(4) The product Is again melted, with the addition 
of lloASTEB Slag and Hkfineby Slag from the 
next two processi s. As the result of this last fusion 
t o Metal Slag is pro^iuced, whicli is used in 
O.ieration 2 , and a product called Fink Metal, 
White Metal, or IIlue Mi'T.vl obtainotl, which is 
piactically cuprous salpldf.e small 

quantities of other sulpliides, .sui-h as iron. (5) This 
FINE Metal is now partially oxidised, tlien melted, 
when the oxides and sulphides react to produce 
copper and sulphm' dioxide. This im^iure copper is 
called Bltsteb Cotpeb, beciiuse its surface is blis¬ 
tered, owingto escape of sulphur dioxide as the metal 
solidifies. ((>) The blister coxiis-r is now Kepined 
by being carefully roasted (exposwl to oxMising 
action of*air) to a certain extent and then melt(*d. 
When melted, powdered autliracite is thrown on the 
surface, and poles cjf green wootl are plunged into 
the molten metal, tlie object being nspcctively to 
prevent further oxidation ;md to reduce cop 2 >er 
oxide, which exists dissohed in the melted metal. 
The refined copper is called Tough Pitch Ooppeb. 
If the “poling’’ is insufficient the metal is brittle 
or Dby, It is also possible to “ovcrpolo” the 
copper, when it again becomes brittle. All the 
above processes arc carried out in reverberatory 
furnaces (j.r.) In America, blast furnaces of the 
Babchbttb type (y.r.) aie very largely used to pro¬ 
duce a rich cop^jer sulphide; and Bessemer con¬ 
verters (a.v.) are used to produce cojiiicr from the 
rich sulphide; but the blast is introduce<l at the sales. 
Much copper is also produced ftom Bpanish pyrites, 
which have been burned by the sulphuric acid manu¬ 
facturer. Th4 burnt pyrites are roasted with common 
salt and then dissolved in water; to the solution 
sine iodide is added to precipitate ^^ilver, which is 
recovered from the siher hidifle; and from the 
solution the copper is ])recip^tated by scrap iron, the 
precipitated metal being subsequently melted and 
refined like blister copper. The refining of copxiei is 
now carried out extensively by electrolysis. ‘The 
impure copper (e.y. blister copper) is ca'»t in slabs, j 
which are snspended in a solution of coiiper sulphate * 
contained in insulated, lead lined, wooden vessels. 
The slabs are connected to the positive pole of a 
dynamo, while the negative jiclc is connected to a | 
thin sheet of pure eopjxir, also suspended in the 
copper sulphate solution at a short di.stance from | 
the slab. A current of small density and low voltage 
is used, and pure copper is deposited on the thin j 
plate or Cathode. The impurities are deposited as ' 
a mttd at the positive pole, and from the mud gold ] 
is recovered in many cases 

Copper (Min.) This element occurs in the 
native state in films in some sandstones and in 
groups of ootahedra. It sometimes contains small | 
waces of silver or bismuth. Found in Cornwall, | 
Bovunshiie, Wicklow, Hiberia, Bnrra-Burra in I 
Australia, and in large quantities at Jiake Superior. ' 
A great number of minerals contain cupper in com¬ 
bination; among the more important are Coppr 
I^tcs, 3Ialachite, Azurite, Cuprite, Tetrahedrite, 
Melaoonite, Boomonite, Tenorite, Dioptase,. Chryso- 


oolla, Brochantite, Chalbanthite„<£(fa(Mcoi^o, Bru'o 
bescite, and Htannite,^ i-* • M • • 
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.elaooiUte, Boomonite, Tenorite, Dioptase,. Chryso- Saxony, ThuringUi, North and South America, etc 


tlopperM (Min.} A nl^toially oooamtig hydrous 
sulphate of iron, FeSO,, TH,,©, Ifton »» 26, eulphuric 
acid 33 29, water « 48'per cent.. Also called jllELAN- 
TBBITB. In monosymmetrio crystals, green, yellow, 
or white. More often in encrusting masses or as an 
efflorescence on pyrites, from the decomposition of 
which it results. Ohio and Goslnr in the Harz, etc. 
The name Copperas is often applied in commerce to 
ordinary sulphate of Iron, 

Copper Bit or Soldering Iron. A pointed copper 
tool whicl) i.s heated and used to melt the solder in 
making a joint, c • A 

^ • 

Copper Compounds. Copper forme two series of 
comjiounds known as the cuprous aud cuprio com¬ 
pounds. t’upBous UxiDE, CUjO: A red powder used 
in making ruby glass. It is made by heating a lolu- 
tion of copper sulphate containing excess of caustic 
s(xla and some tartaric acid with glucose (ter 
Fehling s solution). Cuprous C'HLofaiDE, CojCl,; 
A white crvstalliiic solid insoluble in water, soluble 
in tiydrocliioric acid, aL^o in ammonia. It is mode 
by dis.solving cupric oxide in excess of strong hydro-* 
chloric acid, ami btviling the solution with cop]>er: 
wlicn the liquid is nearly colourless it is poured into 
a large quantity of water. CUPBIU Oxide, C’liO: A 
black powder; h}''grosco})ic ; insoluble in wutei, but 
soluble in acids forming cnx>ric salts. It is made by 
heating the metal in air (i.//. sc.tIo on a copper kettle) 
and by heating the nitrate. It is used in colouring 
g]as.s green, and in organic analysis, bcoau.se* wlieii 
healed with an organic comiiound it converts the 
carbon to carbon dioxide and the h.t thriven to water. 

I CupBTC .SuLPUATK, CuKO, : A white solid which 
I readily absorbs t/^atcr, becoming blue and forming 
I Ulub'Viteiol, <’'uSO,5IIjO ; it is made by beating the 
j latter comitound, and is "used to detent the pre^nce 
I of w.hcr m so-called absolute alcohol. Crystamsed . 
copjxT sulpliati', (hiSOJSHjO (blue vitriol), is 
obtainoil from '•olutiuif of copper sulphate iu water 
' by allowing it to crsstallise.^,^|Uiis solution may l>e 
picpareil by di.'solving the oxide in dilute sulphuric 
I at-id, or by heating the metal with concentrated 
' sulpimric acid, adding water when cool, and filtering, 

; On the large scale coppei pj-rites (CuFeS^) is heated 
I in air in such a way as to form copper sulphate and 
' ferric oxifle the product is extracted with water 
I aud carefully cr\ stalliscd. It is used in eleotrotypiug, 
in the Daniell's’ cell, in dyeing and otlicu p^tiug, 
in pre»<*rving grain from “ smut,” and in colouring 
I liotl led i)ea.s green. Copper and oopiier compounds, 

* when heatcKl iu the nim-luniinous gas flame, impart 
: to it a characteristic green or blue colour. Zinc, 

I iron, and magnesium throw out copper from solutions 
I of its salts, an equivalent of the metal taking its 
I place. 

< Copper Drift (Entj.} A piece of copper with a 
flexible bam lie, which is 2 >laced on fioiwed metal 
work when it is struck with a hammer, in order to 
prevent injury to tlic surface. 

I* Copper Olajiee (Min.) A cuprous sulphide, CuyS. 

I Oopiier = 79'8, sulphur 20*2 jior cent. Also called 
1 Rbdeuthitk ami Vithbous UotPEB Oek. In 
twinned crystals of the ihombic system ; also 
' massive. I.ea<l colour or with a greenish tarnish. 

I it is a valuable ore, on account of its high per- 
i centage of copper. From Cornwall, Devon, Siberia, 
TLiirlncrLi. North and South America, etc. 
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'Oop|Mr Sng.) Hie waste of encrgj 

through the B<H^anoe*of'bopper circuits in electric 
plant. Ttafe'dieriy is dissipated in the form of 
heat. * ' ‘ * 

■ Copper. Hiokel {Mn.) A synonym for Kttppeb- 

NICKEL (y.«.) 

Copper Plpe«(i?«y.) Extensively used for the steam 
^pes of large engines, etc. It can expand and 
contract during changes of temperature without 
■ tearing or cracking. 

Copperplate. A polished plate of copper with 
beveflod edges, upon which an engraving is executed. 
See Ekgbavino and Etching. 

Copper Pyrites A .sSlpliirle of iron and 

coppot,(’n.^M.Fc,jH,, Copper = 32to34, iron = 29to3J, 
sulphur = 34 to* 3G per cent. Also called ChalcO- 
PYKITE. The commonest form of crystal is a twin 
of tetragonal tetrahedra. Also massive. Colour, 
brassy yellow, often with a darker tarnish. Very 
brittle, softer tlian iion pyrites, which it externally 
resembles. 'j*he cliicf ore of copiwr. Cornwall, 
Cumberland, Devon, Sweden, the Darz, etc. 

^pper Uranite (Jfia.) A hydrous pho.sphnte of 
• copper and uranium, (CuO. 2 U., 03 )J’j 0 j. sHjO. Uianic 
oxide = .'iO t o (51, phosphoric atiid = 14 to lV>, oxide of 
coppier = (S-o to 9, water = 14 to 1.5 ])(>!• cent. Also 
called Torbemite, Chalcolite, and Urfininica. Occurs 
in implanted tabular tetragonal prisms of an emerald 
green colour. Cornwall, Devon, Saxony, and 
Bohemia, 

Copping Sail {Colton Sjnnnmri). An attach¬ 
ment on the mule which is connected to the faller 
wire for determining the chase or building up of the 
cylindrii’al hoily of a CoP (y.e.) 

Copra. The dried kernels of the cocoanut ptilm. 
Cocoa nueifera {Palnue'), imported intcj this country. 
Under j)re.ssnre, copra yields cocoanut oil, use<i in 
thepjanufactnre of canfllcs. 

Coprolite {Ceol.) A term correctly applied only 
to till' fo.ssil remains of the droppings of fish. Rm-h 
cxnvise generally contain more or less of pliosphatic 
matter, which is oi^jjrixit value, if obtained in 
snllieient quantities, for artificial niaimres. As a 
consequence, eoproliles have heeii much in request 
for that purpose, and when other snhstances which 
afford (he desired phosphalic matter havi- been niet 
with, the term coprolite has been applied com- 
merciallj' to these, quite irrespective of their origin. 

Copy (.-let). The reproduction of an original 
pictuiu or work of art. When an artist copies his 
own production it is termed a Replica. 

- {Typog.') Manu.script. typewritten, or printed 

matter handed to a compositor to be set in type. 

Copying {Photo.') Effected eitlicr by making an 
ordinary negative with the camera or by some form 
of contact printing. The latter is very easily applied 
to tracings, and is generally carried out by some form 
of IJluk I’BOCKSS (//.«.) 

Copying Machine {Eng.') A machine for the 
production of a large aiuuber of similar objects by a 
tool, guided in a suitable manner by an automatic 
device. 

Copyright {Literary and ArtUtic). Copyright 
is “personal” property^ and may be defined as the 
sole right to produce, after publication, copies of a 
book, article, lecluro, play, musical composition, 
painting, drawing, print, photograph, or a piece of 
Kulpture, “ Publication,’' in most of these instances, 


consists of tendering a work fat sale publicly; in 
the case of a piece of sculpture it is effected the 
exhibition of the work. With respect to lectures 
and plays, a dual right exists: (1) publishing, 
(2) delivering or performing. Before publication 
the author may restrain anyone else from pub¬ 
lishing his work by an action at common law. 
The copyright of a work first published in the 
United Kingdom extends to all p^s of the British 
dominions, but is subject in certain details to the 
local laws. In the United Kingdom, Coftbight in 
Books lasts for forty-two years from the date of pub¬ 
lication, or, in the event of the author dying, for 
the period covering his life, plus a period of seven 
year.s, should the two periods not exceed forty-two 
years. As regards PoSTHUMOtTS Booeb, copyright 
dates from publication. The copyright of articles 
appearing in magazines and perio^oals, unless other¬ 
wise stipulated, vests for a period of twenty-eight 
jears in the editor or proprietor engs^ing and paying 
the writers of the articles; but such articles may not 
be published separately. In the case of PAINTINGS, 
Drawings, and Photogkapus, the righji lasts for 
the life of the author, plus a period of seven years; 
and in the case of Prints the period is twenty-eight 
years. For Scglptubb the ficrioil is fourteen years, 
plus a further similar iioriod if the author be living 
at the end of the first period. Copyright in Plats 
extends for the same period as that in books. This 
is also the case with Music. In the United Rtates, 
copyright lasts for a period of twenty-eight years, 
plus a period of fourteen years on re-registrution; 
but to secure copyright for a British book it mast 
be published simultaneously in both countries. 
Those countries which are signatories to the Bebne 
('onvention op 1887, supplemented by the Act op 
Paris op ji 896, are bound to secure for an author, 
who is a subject of any one of them, the .same rights 
as the law'S of his own country afford. The follow¬ 
ing countries form this union: The British Empire, 
IJclgiura, Germany, France, Hayti, Italy, Japan, 
Luxemburg, Monaco, Korway, Rpain, Switzerland, 
and Tunis. Au.stria and Hungary liave a separate 
convention with Great Britain. 

Coquerelles (Jlcr.) A French heraldic charge. 
Throe'filberts in their hn.sks, conjoined. 

Coral. A term generally applied to the hard and 
usually calcareous substance secreted from sea¬ 
water by the action of the coral animals, which 
belong to the tJoelentera. A great variety of sub¬ 
stances have been thus formed, amongst which may 
be mentioned the Piticoioos Coral, the Organ 
Pipe Coral, iunumciiiblc forms of coral structures 
whicli go to form coral reefs, and many other 
structures. 

Coralliaa {GcoJ.) A subdivision of the Oolitic or 
Jurassic rocks, so called because the remains of the 
hard parts of various extinct forms of Coiilenterate 
animals are met with in the rocks on this horizon in 
the part of England where the rock first received the 
at tention of geologists. 

Copalline Crag ( Geol.) See Crag. 

Copalline Oolite' {Geol.) Another name foi!^ 
COUALLIAN (s^.r.) 

Copbel {Architeet., Build., ete.) A pBojection 
from a wall to support a load. 

Corbelling {Build.) Courses of bricks oversailing 
each other; also the supporting of some part of a 
buildii^ -by means of corbels. 
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Corbel Table {Arehiteet.') A series of corbels 
supporting an overhanging ^rapet; used in Norman 
and Eai'ly English work. In castles and fortifications 
the wiKipet and corbels were so arranged that 
missues could be thrown from behind the parapet 
throiTgh openings between the corbels. These 
openings are known as MACHicoliATlosrs. 

Corbie Stiqp Gable (^Arehileot.') A gable formed 
with a series of steps. It is also known as a Crow- 
step Gable. 

Cordite. See Explosives. ' 

Cordon {Ser.') Used in French heraldry. A cord 
with tassels surrounding the shield of an ecclesiastic. 

Cordovan {Leather). Cordovan leather is prepared 
from the skins of goats, formerly from horse bides. 
It is used in bookbinding and for boots and shoes. 

Corduroy {Cotton IVeavinff). Literally kingh 
cord. A form of weft pile weaving for heavy clotbs, 
suitable for men’s wear, which gives a rib longitu¬ 
dinally in the cloth. After weaving, it is out, sheared, 
and finished. Often dyed. 

Core {JSuifd.) (1) The filling between a relieving 
arch (^.r.) and the a'ood lintel. (2) The mortar 
lirojccting from the joints inside a flue. (.3) Broken 
.stone, bricks, and other building materials use<l in 
filling up hollows in the ground, etc. 

-( Carp., etc.) The iron bar used to strengthen 

a wreathed handrail, etc. 

- ( Foundry). A mass of sand or IcKim formed 

in the shape of a cavit 3 % which has to be pro¬ 
duced in a casting. The core is either struck {me 
Cons Bab) or produced in a core box {q^.v.\ and is 
fixed into tiie recesses in the mould produced by core 
prints (<?.».) Wlion the casting is complete the. core 
18 extracted from the cavity in the metal by being 
broken up and removed piecemeal. 

Core Bar {Foundry). An iron bar round which 
a cylindrical core is formed. For large core.s of 
circular section no core box is used, but tlic bar is 
coated^with foundry sand and loam, and “ struck ” 
to shape by rotating it again.st the edge of a suitably 
formed board, calleil a.CoBE Boaed or Loam Boaiid. 

Core Box {Pattern Maltbuj). A wo.idon straeture 
containing a cavity (similar to one required in a 
casting) in which the core is formed by ramming in 
core sand {q.v.) The box can be taken to pieces and 
the core removed without injury. 

Cored Hole {Fng., etc.) Cast holes {q.v.y 

Core Discs {Elect. Eng.) Biscs of soft iron from 
which the hollow cylinder forming the core of an 
armature is built up. 

Core Oven {Foundry). An oven for drying cores 
before placing in the mpuld. 

Core Flatei {Foundry). Thin di.sc-.shaped casting.s 
which are ^ed on a core-bar in onlcr to serve as a 
support for large cores. They are broken up when 
the removal of the core has to be effected. 

Core Prints {Paitem Making, etc.) I’rojections on 
a i«tttern which form recesses in the mould into 
whicli the ends of a core (y.c.) are fitted. The length 
of the core is adjusted to «>qnal the combined length 
of the hole in the casting, together with the two 
prints i.e. a c<ire for a hole 9 in, long, if each print 
were IJ in., would be 12 in. 

(Jore Sand {Foundry). A mixture of eand with 
80 ^ substance to render it pdtoas and to enable it 
tonarden on drying. 


Corf (Met, and Mining). A shallow basket nsed 
for handling minerals ifl minks. In some districts 
(chiefly South Yorkshire and Staffordshire) aj^lied 
to a colliery “ tub ” {q.v.) and spelled COBYB. 

Corinthian Order {Arohiteot.) The lightest and 
most ornate of the classic orders. It was only used 



Cubinihiak (Bomax). 

by the Greeks in a few comparatively unimportant 
buildings, but it was the favourite order of the 
Itomans. See Abohitbctl'BE, Oedebs or, 

Corium {Armour). Ijeatber body armour formed 
of overlapiiing scales. This kind of armour wm 
worn by Roman soldiers; it. was also worn in this 
country down to the time of Edward I. 

Cork Cambium {Botany). See Cambium. 

Corkscrew Veaire {(Mton Weaving), An 
elongated twill, travelling at a greater angle than 
an ordinary twill. 

Corliss Engine {Eng.) An en^e fitted with 
Corliss gear {q.v.) instead of a slide valve of the 
ordinary type. 



Corlin fiear and Yalve|| A form of valve 

gear ased in many large stationary engines. Two 
valves are |)laceil at each end of the cylinder. Each 
valve is nsnally a segment of a circle, and uncovers 
its port Bt opening by revolving -wlicn acted upon by 
a sorios of lovers driven from the engine; disc valves 
and double-beat valves are also used. One valve at 
■eacli end is an’ exhaust valve, and opens fully and 
practically instantaneously, thereby allowing a free 
escape of steam. When the exhaustion is completed 
the valves are closed instantly by some form of spring. 
The remaining valves admit the steam, and the rate 
at which they open is controlled by the governor. 
These arrangements secure great regularity and 
economy in the action of the engine. 

Cons (jBatany'). An underground bud whose 
disc (stem) is much swollen with reserve material. 
The scale leaves are thin and sheathing. It is often 
mistaken for a root. 

Conibrash’(d^'ef.) One of the subdivisions of the 
Oolites, which, in the district where it is typically 
dev('loi)ed, consists very largely of broken and 
comminuted fragments of shells and other calcareous 

Cornea (JHooh^yyX The transparent portion of the 
sclerotic (i 5 r.T.)bo{it of the eye. 

Corner Cramps {Join.') (Vamps for drawing nj) 
the corners of I'ictui'e frames, etc. 

Corners {lUnJ.) (1) The material covering tlie 
cern-js of “liaif-bouud ’ books. (2) Tlie triangular 
tools u.'-ed in gold or blind tooling. 

Cornet. See Mi^sicai. Ixstkcments, \Vixi> 
(BnA.ss). 

Cornice {Architiei.) A projecting moulding 
crov. tiing tlic feature to winch it is ai'plied. The 
Cornice of an order is the sulxlivi.sion of the entabla- 
•tnvo aNive the frieze. See ENTAULATUltE and 
AKCniTECTUUE, OUbEUS OK. 

Cornish Boiler. TIoileks. 

Cornish Engine. A large type of beam engine 
<’oitunoiily used for pumping. Sa; aUo 8teasi 
HXdiXE, 

Cornish Granite. See Building Stones. 

Corn Oil. A product of Indian corn or 01 : 1 ,jze 
i^crt ma'ie) wLicU is extensively grown in the United 
Sfates, and ti.ere eaten tis a vegetable. The oil is 
clear yellow, and is used to a limited extent in paint 
manu fact lire. It will not, however, dry unless a 
liberal amount of driers is aikled. 

Cornucopia {Art). An uniament iu the form of a 
wreathed horn ovorflowdng with fruit and flowers. 
Symbolical of peiico anti prosperity, and generally an 
attribute of figures emblematical of plenty, liberality, 
etc. 

Coron&' {ArehUect.) The lower iiart of the pro¬ 
jecting portion of a Greek, Homan, or IlcnaissaiKo 
cornice. It consists of a vertical face and a sollit 
(j.r.) The latter is recessed upwards so as to form 
a drip. See CoBNicB, Entablatube, Column, 
Bed Mould, etc. 

Corona {Meteorol.) Coloured rings seen round 
the moon (or more rarely, the sun) when viewed 
through a mist or thin cloud. They are due to 
BtriraAOTioN {g^,v.) 


Conmet. An inferior crown 
worn by princes and the nobUity, 
and denoting a dignity below that 
of the sovereign. It varies in 
form according to rank. That of 
the Prince of Wales bears on the 
edge four crosses “patt4e" be¬ 
tween the same number of fleurs- 
de-lis, and from two opposite 
crosses there rises an arch, snr- 
monoted by an orb and a cross. 

The coronet of a duko bears straw- 
bony leaves; that of a marquis 
strawberry leaves alternately with 
pearls; that of an earl has the' 
pearls raised above the leaves; 
that of a viscount is surrounded 
by pearls; that of a baron has 
six pearls only. 

- {Her.) The ensign of 

princely and noble rank. 

Corozo Nut. The seed of a South American tree, 
PhtjMephi* nuterocevrjm, allied to tho palms. The 
hardened albumen of the nut furnishes VbgetaBLB 
Ivoity. 

Corpusc/e {B'udogy). The solid bodies suspended 
in llie blood. There are two kinds ; (1) Red COB- 
ruscT.Ka are flat discs, varying iu size and structure, 
according to tlic .animal in which they occur. They 
arc very numerous; iu man there are about 5,000,000 
per cubic millimetre. (3) WniTE CORPUSCLES or 
I.EUCOCYTioa are true animal cells, nsembling the 
organism Amioba. Their number is about n-Jiy that 
of the red corpuscles. See also Blood and Haemo¬ 
globin. 

- (Alect.) An ELECTRON {q.r.) 

Corpuscular Theory of Light. A theory (held 
by Newton) that light was due to particles emitted 
by lumirmus l)odic.s; also known a.«i the l^ission 
Tueory. Tt is now replaced by the AVave or Undu- 
liitory Tlieory. Many of the characteristics of 
Newton’s tlicony are retained, however, if it is re- 
memliercd that “the tilings emitted are Faraday 
TuIkis” (i/.v.) instead of material particles.—J. J. 
Thomson. 

Corrections {Typoy.) Emendations made on a 
jiroof (printed sheet) before it is finally printed off. 
They should be made on tho margin of (lie sheet and 
against the line where the faults occur. See Proof 
COKRBOTIONS, 

Corrector of the Press {Typog.) A proof reader. 

Corrosion {Kiuj.) Chcniical action which causes 
destruction of the surface of a metal. Usually it 
is by oxidation. To diminish coriosion, paint, oil, 
and other substances arc employed, or iron may be 
galvanised {q.v.) or treated by some process such as 
that of Barff. No process ha.s yet been found wliioh 
can prevent corrosion completely. 

Corrosive Sublimate {Chem.) A common name 
for mercuric chloride. Sec Mebcury Compound®. 

Corrugated Furnace Tubes {Hng.) Tuljes with 
corrugations running right round the circumference. 
They" are often useii, as they present an incre^d 
heating surface, and also cause less strain in the 
main shell of the boiler, when they expand or 
contract, than straight tubes. 
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Oonelet (_Armmr). A ouirass or piece of armour 
for eoverinf: the body, usually worn by pikemen, who 
were sometimes styled Cobsblets. Attached to 
the corselet in the case of footmen was armour for 
the thighs, called Tassbts. 

Corsite ( (feoL') A variety of diorite which shows 
a rumxurteible orbicular structure, dun to an unusual 
disposition of its component ruinerals during its 
consolidation. It is sometimes called Napoleonite 
or Orbicular Diorite. 

Cortile (Ardhiteot.") An interior court in a 
dwelling house. 

Comndani {Min.) Native .sesqui-oxido of alu<- 
minium, A].p,. Aluminium = oxygen »• 4<>'6 per 
cent. It crystallises in hexagonal pyramids, and also 
occurs massive. Colour very varied. The massive 
form yields Kmiubv (q.r.) The finer coloured varieties 
yield many of the gems. Ude Eubv, Mapi’HIKE, {ind 
Amethyst (Obikntal). Found in Fiast Indies, 
Piedmont, St. Gothaxd, Auvergne, Now York, Burmah, 
etc. €/. C.arborundura. 

Cob, Cosine. See Tbicokometiucal Ratios. 

Cosec, Cosecant. Sec TBiaoKOMETitiuAL. RATto.s. 

Cost {Her.) Sec CoxiSE. 

Costing {Mannf(U‘turex). The determination of 
the cost of producing or distributing any given 
work. 

Cost Sheet {Manvfartvrex). A statement of the 
cost of production of given work. It should show 
the cost of labour, materials, general charges, depre¬ 
ciation of tools, etc., and each of these items may 
he further subdivided with advantage whore several 
varieties of labour and raaterial-s are used in each 
piece of work. 

Cot, Cotangent. Sec Tbiuoxometrioal Ratios. 

CothnrnOB {Archteel.) A Grc-cian huntiiig-boot 
laced up in front and reaching to the midi lie of the 
leg ; also worn by tragic ac.tors. Sec BusKlx. 

Coti^, Cottise {Her.) .Adiminutive of the bend, 
being onc-half of the hendlot and one-fourth of the 
bend. When borne alone, it i.-' termed a “ Costbut 
when borne in pairs, " Oolises.’’ 

Cotised {Her.) When an ordinary, sncli as a bend 
or fesss, is bordcj-cd on both side-- by acotise,, barrulet, 
etc. 

Cottar (A7«y.) A tapered pin or wedge used for 
tightening up and fixing jrarU of machinery. 

Cottar Way {Km.) A tapered slot through 
which a cottar ]iasscs. See Cottar. 

Cotton. (TouijiHum siieeics; order, Mal- 

vaecfc). Three s]K>cies of thi.s plant yield the well- 
known material cotton, which is formed from the 
fibres covering the seeds. The seeds arc used aKo 
in making cotton .«oed oil (g.v.) and oil cake. When 
woven into a fabric, cotton is durable, non-.slirink- 
able, does not ab.sorb moisture, and is a good con¬ 
ductor of beat. These features point to the 
conclusion that it should not be worn next the 
skin. 

Cotton Manufacture. This industry may be 
divided into two distinct brantdios, viz. (1) Rpiuniug; 
(2) Weaving. There are a few firms in England who 
carry on )x»th industries, but it is thocxcei>tion rather 
than the rule. On the Continent and in America 
the two are usually worked together under separate 
inside management. A firm who take lx>th branches 
would be styled cotton .spinnera and manufacturers. 
It is the province of the spinner to convert by 


mechanical methods the fine short cotton fibres 
obtained from the cotton tree into a continuous 
uniformly twisted thread of unlimited len^h, the 
coarseness or fineness of which may be varied to suit 
the requirements of the trade. The manufacturer, in 
his turn, has to prepare the spun yam so that when 
a number of threads are run together in parallel 
order in a convenient form in the loom woven 
cloth is produced. Cotton Spinning: The primi¬ 
tive method of spinning was by means of the distaff 
{q.v.) and spindle, which gave place later to the 
<lomestic hand spinning wheel. In the year 1530 this 
was superseded for special purposes by the Saxony 
spinning wheel. This wheel bolh put the twist into 
the thread and woured it on a bobbin by means of a 
flyer. A very good spinner would be able to work a 
wheel containing two spinning .spindles. An average 
number of spindle.s which at the present day may 
be attended to b)'^ a mule spinner and his two assist¬ 
ants is about two thou-sand. According to Dr. Ure, 
the earlic.'-t period that cotton is known to have 
been used in England as a tc-xtilc staple was in the 
latter part of the fifteenth century, Tliis industry, 
together with weaving, was carried on as a domestic 
occupation until the invention of Robert Kay’s rily 
.shuttle on the lirind loom gave an imiietus to the 
spinning industry, and was the means of bringing 
out in quick succession the inventions of Hargreaves, 
Arkwriglit, and Crompton. The arl vent of Arkwright’s 
water frame, about was the means of gradually 
changing tliu whole system of domestic inaniifactnro 
from the manual to the mechanical, and eventually 
cstablif-hing our present day factory system. The 
value of a ci>lt,oii fibre for spinning ]mri)ose.s is 
determined by the following characteristics ; length, 
finonc'-s, uniformity in diameter and convolutioas, 
cleanliness; the best and strongest spun yams 
being those in which the greatest number of fibres 
in proportion to tbicknc.ss of thread iiuiy be con¬ 
solidated ill a (:ros.s .section. The following are the 
chief commercial staples of cotton used, given in- 
order of imiiorfance and value: (1) Sea Island; 
(2) Egyptian; (3) Brarilian; (4) American; (5) 
Imliaii. Ti e finest yarns ai"^pun from Sea Island 
an<l Egy[)tian; the coiu'sc.st and low qualities 
from Indian cotton. I’he bulk of the cotton used 
for medium class yams is American, and it is for 
tlfis stajile that there is ihe greatest demand. It 
may be mentioned here, that ri'oently a cotton 
growing a'-seciation lias been formetl in Enghind 
among 1 he spinners and manufacturers to experiment 
and eventually cultivate in some British posses¬ 
sion a cotton fibre equal to, if not better than, the 
American, so that the control of the cotton market 
may he taken out of the range of speculators “ who 
toil not, noithoT do they spin." The Germans are 
also adopting the same course in their African 
pos.sessions. After the cotton lint or fibre is picked 
from the jiod, it undergoes tlie process of “ginning" 
near to tlie cotton fields, and is then graded. It is 
aflcrwanls packed by steam or hydraulic pressure in 
the form of an oblong bale, ready for transit to any 
part of the globe. In America the compressed rolled 
bale i.s very extensively used. It is in the bale fonn 
that the spinner receives it, and after being tested 
for weight, quality, and moisture, it undergoes the 
various .stages of manipulation until a solid, approxi¬ 
mately uniform, and cylindrically twi.sted thread is 
produced. The following is the order of processes 
that cotton would pass through in a modem EngUsh 
mill fitted up for spinning medium counts of yams: 
(1) Bale breaker, (2) Mixing or Blending, (3) Open- 
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ing, (4) SoQtching, (6) Carding, (6) Drawing (three 
hco^), (7) Blabbing, (8) Intermediate slabbing, 
(9) Itoving, (10) Spinning either by the ring frame 
or male. ^ When fine yams of good quality are being 
spun it is necessary to introduce throe other pro¬ 
cesses between the carder and drawing frame—ei*. 
(a) Sliver lap machine, (6) Ribbon lap, (a) Comb¬ 
ing ; also, in many cases, an extra flyer frame, called 
a jack frame, would be used to follow the roving 
frame. Some spinners will sell the yarn for ‘‘ twist ” 
or “ weft ” direct from the spindle in the mule cop 
or ring bobbin; whilst others will have attached 
a reeling, wai fiing, and doubling business. In the 
majority of q,tse.s, however, doubling is treated as 
another branch, along with gassing. When reeling 
and warping are attachc<l thcA; is a greater outlet 
for the sale of yarns, as, in addition to the cop and 
bobbin. It may be sold in the hank, balled warp, or 
chain lengths to suit the convenience of the manu¬ 
facturer. The chief points of difference between the 
English and American systems of spinning may be 
summed up as follows; In England cotton is onl;’ 
carded once And drawn three times, and the majority 
of spinning spindles arc on the mule, although a large 
number of rings arc in use. In America they usually 
card the cotton twice and <lraw it twice, whilst their 
spinning machines arc invariably ring frames, so 
tliat ring weft on a bobbin may be suppliiMl direct 
to tlie weaver in addition to being used for warp. 
Reeling is practically unknown. A 8> stem of spinning 
is also in vogue, especially on the (,'ontinent, for 
respinning waste yams iiito cojiyse e.ounts, known as 
waste spinning. (loTTO.v WuAVlNG ; By weaving is 
meant the ait of forming'a cloth or fabric by the in¬ 
terlacing of strands or thn;ads of various thicknesses 
one wilh another in order to form one broad sheet. 
Two distinct .sets of threads, knowui .as tlic warp and 
tlie weft, tire used in tlic fonuation of the cloth. 
Early records iioint to the fact that in a simple way 
wetiving was practised by’ the Egyptians. Chinese, 
Hindoos, and tlreeks long be.forc the art became 
kuown in England. It is said that v.e are indebteti 
CO the Romans for it.s introduction into this country, 
since on their invasjon they commcnceil to weave 
woollen cloths for tili?’u.sc of their soldiers. The 
adoption of cotton as a textile stiqile was much 
later. Scp Oo’iton Spinning. The inventions of 
Arkwright and Crompton in tiie spinning industryr 
had the effect of giving a greater supply of .yarn to 
the band loom weaver than could be dealt with; 
hence Hictc soon followed the invention of the power 
loom by Dr. Cartwright. His idea was to produce a 
macliino th.at would be partuilly^ aut,om.atic in its 
action, and so, by enabling one ]>crson to attend to 
more than one loom at the same time, tifford the 
means of dealing with the stock of yam proiluced 
by the spinning spindles. The. success of his in¬ 
vention revolutionised the weaving industry, and it 
may be said that our present day loom still retains, 
in the main, the chief features of Cartwright’s 
invention. Krom this time onward the cotton in¬ 
dustry continued to expand until it wa.s found neces¬ 
sary to treat spinning and weaving as two separate 
branches of industry, as we find thorn to-day. The 
industiy has also spread to such an extent on the 
Continent and in the United States of America—to 
a lesser degree in India, China, and Japan—that 
those countries make themselves felt as keen com- 
X>etitors, especially in our foreign trade. In order to 
produce cloth satisfactorily and economically, certain 
preparatory processes are necessary. These processes 
provide a warp beam containing warp threads in 


such number and length that any desired quality 
and width of cloth may be produced when in the 
loom. In present day manu^tnring there axe twi) 
main divisions— vUc. (1) Grey Goods; (2) Coldnied 
Goods. Each of these may be again split up into 
(a) Plain weaving; (J) Fancy weaving. A manu¬ 
facturer of plain goods will produce fabrics of a 
simple or plain character, such as calicoes, twills, 
sateens, muslins, lawns, etc., known as ‘‘tappet’ 
work. A fancy goods manufacturer will produce, 
in addition to the above, fabrics of a fancy weave 
character, comprising small figured or floral effects 
which require tact and skill in the arrangement 
of design. This necessitates the employment of 
more costly machinery in the form of dobbies or 
jacquards. The general English .system of preparing 
grey and coloured warp threads for the loom are 
herewith given. Obey Goods: The waxp yarn is 
received in the twist cop, or ring bobbin, and under¬ 
goes the following prix’esses: (1) Winding; (2) 
Beam warjiing ; (3) Slashing and sizing ; (4) 

Twisting or drawing in ; (5) Weaving in the 
power loom, fitted up with cither ta(>pet, dobby, or 
jacquard. Coloubeu Goods : Two distinct systems 
of preparation arc in vogue, eae.h of which ba.s its 
advantages, namely (A) W'arpiug; (B) Yorkshire 
dressing. System A : The twist yarn is received in 
the grey hauk state, and, after being bleached or 
dyed the required colours, undergoes the process of 
hank sizing, in addition to which the following 
processes are gone through: (1) Drum winding; 
(2) Warping ; (3) Beaming or running on machine; 
01) Drawing in or twDting ; (5) Weaving as above. 
System Ji : The twist yarn, received in the form of 
balls or cliains, is warp dyed and sized, and passed 
on to the dresser, who 2 >uts it through the process of 
Yorkshire xircssing. From this stage tlie processes 
arc as 4 and 5 in Byslom A. llic Scotch system of 
preparing coloured wai^js is mostly by the long chain, 
or Scotch beaming jwoccs.s, which is similar to York- 
•shire dressing, only tliat each colour is previously 
run on to a .scp.aratc beam before all are run together 
on the weaver’s beam in their 2 >attern. The American 
system is similar to the Scotch, that is for coloured 
goods. Tlic warjis are made on a lease or chain 
warping machine, afterwards being dyed the required 
colours. The colours are then each run on to separate 
beams, only in their unshed condition. All the 
Coloured cuds from the beams are then run together 
oil the weaver’s beam in their correct pattern by 
means of the .slasher sizer. Two size boxes are usually 
eu;plo 3 ’cd, one for white threads to run through, and 
the other for all colours. The American system for 
grey work is similar to the English.—H. B. U. 

Cotton Blanket. Sec Blanket. 

Cotton Cords (^ny.) Ropes of cotton one-half 
to five-eighths of an inch in diameter, sometimes 
used for transmitting power in place of leather 
belts. 

Cotton Covering {Hleet. Ung.) Insalaiion con¬ 
sisting of one or more layers of fine cotton wound 
round wires in which high insulation is not necessary, 
i.e. where the voltage of the current in the wire is 
low. 

Cotton Felt {Paper Manufae.) An endless 
cloth used for keeping paper in contact with heated 
cylinders during the operation o£ drying. 

Cotton Qin. A machine used for separating the 
cotton lint from the seeds after picking from the 
pod. There are several kinds—the primitive Chorka 
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gin, roller gin, saw gin. The two latter are mostly 
need, and of tiiese there are several single and 
doable acting patterns. 

Cotton Seed Oil, Is obtained from the outer 
shells of the seeds of various kinds of the cotton 
tree, Gossypium. Until recent years these husks 
were deemed worthless, but now the cotton oil 
industry is an exceedingly large one, crushing of the 
seed being carried out in many places in England 
and abroad. The oil when expressed is of a ruby 
colour, and when refined pale ycllou'. It possesses a 
pleasant nutty flavour, and is very largely employed 
as a salad oil, for adulterating olive oil, butter, and 
lard, and in the manufacture of margarine. It is 
also used for pastry, fish frying, and in the manu¬ 
facture of lubricating oils, soa;^, and candles. When 
used as a food it is necessary to free it from stearin 
(ff.u.) This is sometimes effected by merely allowing 
the oil to stand in storage tanks, and sometimes by 
chilling or by placing the oil in cjdiudrical bags ef 
finely woven linen and allowing it to filter through, 
which it does .slowly, le.aviug the stearin behind. Its 
specific gravity at (50® F. is 0'922 to 0‘928. 

Cotyledons (Uotanj/). The tempoi-ary seed leaves 
of an embryo plant, functioning either as an ab.‘<;orb- 
ii^ organ or as storage places. There are two 
present in the seeds of dicotyledons, one in mono¬ 
cotyledons. 

CotylisouB (Arehaol.) A small Greek vase with 
one handle, resembling the amphora in form. 

Couch Roll (Papt'T Mamfac.') A felt-covered 
roll used for squeezing out surplus water from the 
wet sheet of pa.per after it leaves a machiue wire. 

OonliSBe, Collis. The slide.s or grooves iu which, 
the side sceue.s run on the stage! of a theatre. 
Applied al.so to a side scone itself and to the space 
between the side scenes. 

Conlomb (^Hlfct.) The quantity of electricity 
conveyed by a current of one amphre (y.p.) in one 
second. • 


Coolomb’g Balance {Elect.) See Tobsiox 
Balance. 


Coulomb’s Law {Elect.) In elce.tro-statdcs the 
fonse between two c. arges of electricity is projjor- 
tional to their product, and inversely proportional 
to the square of their distance apart. In magnetism 
the force between two magnetic poles follows the 
same law. 


«'CH : CH 

Ceomarln {Ohem,.) Cjll,/ | 

O - CO 

A white crj’stallinc solid with pleasant aromatic 
odour. Melts at 07°. Easily soluble in alcohol and 
hot water. Obtained by tlie action of acetic anhy¬ 
dride and sodium acetate on the aldehyde of salicy¬ 
lic acid. It occurs in Tonka beans, melilot, and 
woodruff. Used in perfumery. 

Count {Textile Manvfac.) See Coukts. 


Connter. (1) The curved part of a ship’s stern. 
(2) That part of a horse that lies between the 
shoulders under the neck. (3) An imitation coin 
made of inferior metal. (4) A token. 


OonnterbaUnoing (Eny.) See Baiancxng. 

Connteplwaolng iEny.) Strengthening a struc¬ 
ture by means of tie rods rannlDg in opposite 
diieotiona. 


Counterobaiiged (JS«r.) When the field is parted 
per chevron or other ordinary, one half the field being 
metal and the other a colour, the tinctures of charges 
which fall upon the metal and colour are reversed. 

Counter Cramp iOarp. and Join.) A emsmp for 
drawing up and ftxi^ the end-grain joints of strings 
(S-v.), counters, etc. 

Counter Electromotive Force (Meet Eng.) An 
E.M.r'. in tlie armature of a motor while running, 
produced by its tendency to act as a dynamo, and 
thereby opposing the flow of the current which is 
being supplied to the motor. An ordinary continuous 
current motor tnke.s le>.s current as its^spoed rises, for 
the counter E.M.F. increases with the*speed. 

Counter Floor {flarp. and Join.) A foundation 
for laying a i«irquet floor on. 

Counter Lath (thrp., etc.) Laths nailed across 
each other : similar to brandering (g.v.) 

Countermark {Jrnhaol.) I'he name given to 
impressions that are sometimes found on ancient 
coins and medals, and wiiich have beeiveffected sub- 
serpient to the first stamping of the coin. It is not 
certain why such marks have been made on ancient 
coins, hut during tl.e I’cninsular War the British 
authorities were also in the habit of stamping 
Hpanish dollars wdth a small countermark of the 
head of George III. 

Counter Passant (TTer.) Said of two beasts 
passing each other iu oppqf>ite directions. 

Counter Plate {Sngrav.) Additions required to 
an engraving arc made upon another plate nnrl then 
printed off upon the original engraving. This second 
plate is called the counter plate. 

Counterpoint (Mtijiie). Tho art of combining 
mi'lo lies, (.'onrrapuntjil stiuly is divided into five 
species : (1) Note again.st note of tiie Canto Fermo. 
(2) Two note.s against oiio <tf the Canto Fermo. (3) 
More than two notes against one of the Canto Fermo. 
(4) Hviicoi)ated. (.'>_) Florid. • 

Counter Potent (Her.) One of the furs. The 
poteiits arc arranged Iviiail tv> head, as in counter 
vair {q.'e.) See aluo IIkkaldvwt 

Counter Proof Print.) Aprooftaken 

off another f resli-printed proof, the copy on the second 
proof Iteing, of course, reversed. 

Counter Shaft (Eng.) A .‘subsidiary shaft driven 
friim fie main sltaft, for transmitting and distribut¬ 
ing power. It usually carries a coned pulley (q.v.) 
corre.spoiiding to a similar pulley on the machine 
which it drives. 

Counter Sinking (Eng., etc.) Forming a recess 
at the top of a drilled hole to receive the head of a 
screw or rivet. 

Counter Subject (MuHo). That part which ac¬ 
companies the “Answer” in a fugue. 

Counter Tenor (Music). See Alto. 

Counter Yalr (//cv.) One of the furs. The bells 
or cups ai e all of the same tincture, and placed base 
to base and ]x>int to point. 

ConntesB Slate (Euild.) A roofing slate 20 in. 
by 10 in. 

Counting Glass (Linen Manufae.) Magnifying 
glasses ma<le up indittle frames having apertures of 
different sizes cut to standard gauges. When laid 
on a piece of linen, the number of threads appearing 
through the aperture arc counted, and bidtcate the 
fineness of the cloth. These are also called “wet 
glasses ” (q.v.) 
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Oooiitry Book {Mining). The rook throngb which 
ft vein runs. 

Ooontf {Cotton Boning), Befer to the diameter 
and weight oS. cotton yarns for a standard length. 
Single thread counts am denoted by the number of 
hanks of 840 yds. in 1 lb. (avoirdupois) or 7,000 grs. 
(Trov). Example: a 20 cotton thread = 20 hanks 
to 1 lb.' 20 a 840 = 16,800 yds. to 1 lb. Folded- 
yam Counts are determined by the number of threads 
twisted together. Low course counts are denoted by 
yarfls per ounce. 

{Woollen Mmufaa.) Applied to yams as 
indicative of size or thicknes.s and the number of 
yards in a given weight. Cotton counts are based 
on the number of hanks of 840 yds. in 1 lb.; 
Worsted, on the number of hanks of 560 yds. in 
1 lb.; and Woollen on the number of skeins of 1 yd. 
in 1 dram. 

Coaped {Her.) Out straight. When a charge, 
such as a head or leg of a man or beast, is cat off 
evenly and not erased. 

Couple {MecA.) A system of two opposite equal 
pajallCl forces not in the same straight line. A 
couple cun only produce a turning movement, not 
translation or movement from place to phtce. 

Conple Close ( Carp.) A roof having the lower ends 
of the rafters tied to prevent them from spreading. 

Coupled Wheels (AViy.) Locomotive wheels con¬ 
nected by. connecting or coupling rods. Thi.s ensures 
the distribution of the weiglit over two or more pairs 
of wheels, and increases the uniformity of running. 

Couple, Electric. Any pair of substances, in cor- 
ta<‘t or conner.ted together, which can give ri.se to 
a difference of electrical potential, e.g. zinc coated 
with copper, or a plate of zinc and copper connected 
by a wire. 

Couple Roof {Carp.) A roof having no tie at the 
«lower end of the rafters. Of. OouPLE CnosK. 

Couple, Thermo-Electric. Two metals which 
produoo a difference of potential when heated at 
their junction. *•<» 

Coupling ( Ctnj.) (1 ■) The appliance for connecting 
rolling stock on a railway. (2) In general, the con¬ 
nection of any two pieces of meciianism so that, they 
operate toget ber, e.g. shafts, wheels, engines, etc. 

Coupling Lash or Leish {SilA Manufae.) The 
threaef carrying lingoe {g.r.) and attached to mail, 
and carried from mail to necking cord, in figured 
harness. 

Coupling of Dynamos {Meet. Eng.) Buiming 
two (or more) luucuiues to supply the same circuit 
simultaneously. 

Couplings {CoUtm Weaving). An attachment to a 
Jacquard Harness. It is suspended from the nock 
cords, and consusts of sleeper cord, mjiil, and lingoe. 
One couplittg is required for each separate warp 
thread in the width of cloth. 

Coarse {Suild.) (l) One layer of bricks or stones 
of ihe same height. (2) The vertical distance between 
two horizontal joints. 

Coursed Rubble {Build.) Bough stones squared 
and built in couivses varying in height. 

Contean do Chasse. k hunting knife of the 
sixteenth and seventeenth centuries. The sheath 
contained also smaller knives and other implements 
useful to the Imnter. 

Covs {Plait., etc.) A hollow carved moolding. 


COYOd Ceiling {Platt, ete.) A ceiling havii^ a 
largo hollow cornice, , . 

Cover {(htton Weaving). A term used to indieate 
that the warp threads are spread in the doth width 
at equal distances, so as to destroy any raw or naked 
appearance which may arise by tbe threads passing 
in pairs or more through the splits in reed (g.v.) 

Cover Chief {Cost.) A headdress resembling a 
nun’s veil. In common use daring the Middle Ages. 

Covering Power of Pigments {Bee.) Often oon- 
fusod with the term “ body " It refers to the 

extent of surface a pigment will cover, or the super¬ 
ficial area over which it will spread when thinned to 
a consistency suitable for being applied with a brush. 
The surface in square feet covered by 10 lb. of the 
following materials applied evenly to wood is, 
according to Hurst: Bed lead, 113; white lead, 221; 
zinc oxide, 378 ; red oxide, 453; chrome yellow, 252; 
Brunswick green, 310; lampblack, 382; nltramarine, 
462. 

Cover Stones {Build.) Flat stones laid on tbe 
top of girders, etc., as a foundation for the wall 
above. 

Cow Hair. Is mixed with plaster, foundry loam, 
etc., to ensure cohesion or poro.sity. 

Cowls {Hygiene). Used for the purpose of aidii^ 
ventilation of buildings. They are fixed on outlet 
ventilating shafts, and are said to increase the 
exhausting action which the wind exerts when 
passing over the tops of these shafts. They prevent 
down-draughts, and also prevent the entrance of 
rain. The disadvantage of cowls is the uncertainty 
of tlieir action. 

Cowper Stove {Met.) A BegenerativO Stove (y.v.) 
for heating the blast by the combustion of the 
furnace gfises. 

Cowrie, Cowry. Cypreea moneta (class, Gastro- 
yoda). A small shell found in Eastern seas and 
used as money in Africa and East Indies. 

Cowrie Pine, Kaori Pine. See Timbkbs. 

Cow’s Milk {Hnodo, Hggiene). The quality and 
quantity varies with the age, breed, food, and condi¬ 
tion of tlie cow. Milk is a perfect food, containing 
all the proximate alimentary principles—proteids, 
fats, carboliydrates, salts, etc.—^necessary for the 
sustenance and development of a child. It is there¬ 
fore of tile highot importance that it should be 
supplied pure and unadulterated. That.this is not 
so is well known. Water is the chief adulteranU 
but cane sugar, g^lyccriiio, carbonate of soda, boric 
acid, formalin, etc., aud annatto, for colouring are also 
added. Milk plays a. very important jKirt in the cause 
and spread of many of the infectious diseases. Great 
care sliould he taken that milk is not placed where 
it will be liable to contamination, as it readily ab¬ 
sorbs ga.ses and vapours, and, moreover, affords a 
good breeding ground for the growth and multipli¬ 
cation of micro-organisms 

Coypu. Myopotamue coypu (family, Oetodontidm). 
A South American rodent of beaver-like liabit. Tbe 
under-fur, which is imported in large quantities, is 
known as PuTBiA or Racoonda. 

Cr. ( Chem.) Symbol for Chbovtdm (y.«.) 

Crab. A windlass or winding mechanism similar 
to that of a crane. It includes a barrel on which the 
chain or rope is wound, and a winch or crank handle 
whose shaft is usually connected to the barrel by 
toothed gearing. The term is also applied to a 
similar machine driven by power. 
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Crabbing ( WooUen, Manufae,') A compound process 
of boiling and blowing pieces of cloth with steam 
while lightly wound on a perforated roller, to prevent 
subsequent wrinkling of the cloth, etc. 

Crseking of YariiiBh This fault in a 

varnished surface is sometimes caused by applying the 
varnish over a coat of paint that has not dried iianl; 
or by applying a coat of hard varnish over an elastic 
tarnish. If the fault arise from the varnish itself, it 
is usually due to an excess of drying material being 
used in the manufacture. 

CruUe (Pot.) A species of potterj', the g^zed 
surface of which is crazed or cracked in the firing 
process. Japanese pottery of this description is 
highly valued. 

CraooweB (Cost.) Shoes with long pointed toes. 
First worn in the fourteenth century at Cracow in 
Poland. In England it was necessary to pass a law 
regulating their length. 

Cradle (Deo.) A movable scaffold eemsist ing of a 
platform railed in on two sides and suspended by 
ropes by which it is raised or lowered. Used by 
painters and builders when ladders cannot be con¬ 
veniently employed. The loo.so eud.s of the ropes 
are held by men on the ground, but in some patented 
patterns the cradle may be operated by those who 
are in it. 


- (Eng.) A name often used in mechanism 

for a support or system of .snpprirts, especially for 
those carrying an object which can be easily lifted 
out and replace,d. 

- (Laoe Manufae.) In a lace machine, a curve 

concentric with the centre of an o.scillating movement, 
and forming a “bed,” which gives support and 
prevents or minimises vibration. 

- (Mining.) A rocking frame for washing ores. 

Cradling (Carp, and Join.) (1) The rough 
bracketing round a girder to which the lathing is 
nailed. (2) An arrangement for glueing up trcad.s 
and risers (s'.e.) in making a stairca.'-e. 

Crag ( Geol.) A name for a geological formation 
(a.s <listingui“hed from a geographical feature). This 
term is applied to certain shelly .«ands and gra>e]s 
which were formed during Pleiocene times, chiefij'-in 
East Anglia. Thus there is the Cokallinjs Cbao 
( so called from the abundance of polyzoa, not of 
corals, which it contains), the Hed Chag, Norwich 
Cbag, etc. 

Cragleith Stone. See Building Stones. 

Cramming (Plnmh.) To plug up a pipe with 
bread, etc., while a joint i.s being made. 


Cramp (Build.) A 
bar of iron with the 
ends bent at right 
angles; used for fixing 
stones together. 

■ - . (Jffin., eto.) A 
tool nmde in a great 
variety of forms, by 
means of which sus¬ 
tained pressure can be 



Cramp. 


applied to a piece of work; e.g. cramps are used to 
hold glued joints together while the glue is setting. 
The pressure is usually applied by means of a screw. 

CramponnS (Her.) A chargp is cramponnfi when 
its termination Is in the form of a cramp; an iron 
used in building, having each end bent. See 
CBAHP. 


CrampooB (Smld.) A clutch for holding blocks 
of stone or balks -of timber when they are required 
to be raised by means of a crane. 

Cranoelin (Her.) A coronet extended in bend; 
also blazoned a bend trefl€e vert. It is borne in the 
arms of Saxony. 

Crane. A crane is a piece of machinery used for 
raising heavy weights to some distance above the 
level of the ground. In the simplest form the cr.iJie 
con.sists of a roller or drum, round which a chain is 
wound, and which is turned either by hand or by 
I>owcr. The chain passes over a pulley wheel, fixed 
on the end of a long beam called the jib. The jib is 
usnall}' hinged at it# lower end to the frame of the 
machine, from which it projects at an angle, and 
this angle can in many cases he altered. In order to 
keep the jib at its projxjr angle, either tic rode or 
(chains arc fixoil to it. These tie rod.s or chains are 
brought down and fixed to some part of the frame or 
baseplate. If the eliiiin.s are so arranged that they 
can be lengthened or shortened, the angle of the jib 
can be easily adjusted. A crane wliose jib can be 
adjusted in lliis way is termed a DEiiniCK. The 
whole frame is u.sually carried <m a vertical axis^or 
cranf-p<i8t, so that the crane can turn t hrough a con¬ 
siderable angle or even make a complete revolution. 
Tins pivot is fixed in the base or fonnrlation in the 
case of stationary cnancs, and in the ease of portable 
cranes to a very strong carriage, which runs on rails. 
A crane of this’tvpc usually has the following sei)arate 
motions; (1) The ordinary hauling action of the 
crane, tiy vhich the loa<i i.s raised or lowerc'd. (2) A 
derricking motion, by wliich tlie jih can be fixed at' 
any convenient angle, thus altering tlic area o'cr 
which the crane can w^ork, and enabling the load to 
be moved or “ swung" n<‘arcr to or farther from the 
crane after it is raised. (3) A rotary motion about the 
vertical a.xi.s of the crane, enabling the load to be swung 
round through any part of a circle. (4) A travelling 
motion whejeby the crane can run along its lino of 
rails. All these motions can be c-i/tained from the 
action of the engine w'hich drives the crane, and 
wliich is mounted on ttie fj»p?tiework of the crane 
itself. To counteract the tendency of such a crane 
to overturn, some heavy weight is fixed on ^sirt of the 
frame opposite to the point at which the jib is fixed, 
'i'his weight may be any heavry mass of fionvenient 
size, or in thti case of steam eriines it may consist of 
the engine and boiler themselves. These arrange¬ 
ments constitute wliat is ctilled a Balance Crane. 
In many caso.s the power of the crane is supplied by a 
h 3 riraulic engine or an elective motor ; the former is 
chieliy suited to tlie working of stationary crane.s. 
The jib is sometimes disptmsed with, and the hauling 
mechanism is then fixed on beams overhead, so that 
it fian run along in cither of two given directions. 
Such a crane is called a Tbavelleb, or TbAVEL- 
LiNG (’rank, and is used in engineering shops. 
Jjfirge girders are fixed along two longer walls of the 
shop, ami a frame consisting of a couple of girders 
equal to the distance between these two longer 
girders can bo moved along the latter on wheels. A 
crab or hauling mechanism is then mounted on two 
shorter girders, so that it can run along them when 
required. The power is very commonly lran.sniitted 
to a traveller from a fixed engine or motor placed on 
the floor of the shop, but the most convenient arrange¬ 
ment is to have an electric motor contained in the 
crane itself, as the current can easily be conveyed to 
it. For harbour works, etc., some form of traveller 
is frequently used, running on rails, as a jib crane is 
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scarcely strong enough to deal with the enormous 
weights which have to be moved. A Goliath Ckanh 
is a traveller in which the cross girriers are mounted 
on standards which are provided with wheels at their 
bases, so that the whole structure can run along on 
rails laid down forthe purpose. A Hbecules Obank 
is a travelling crane with a horizontal jib. An 
ACOT0EKT Cbanb is a portable crane mounted on a 
railway truck. 

Crane Post iJSng.) The vertical pillar in a crane. 
To the top are attached the tie rods sujjporting the 
jib; the bottom is fixed to the base plate oi the crane. 

Crank (^JSnif.) A lever keyed at riglit angles to 
a shaft or made solid with it, by means of which the 
shaft Ls turned, or imparts rnoticfti. When the shaft 
is of small diameter, it is often bent, in order to form 
the crank, as in the case of the crank shaft of a foot 
lathe. There are several forms, single-, double-, disc- 
crank.s, etc. 

Crank Axle {Cyelet). The spindle to which the 
two crank.s and the driving chain wheel are fastened; 
it runs in ball^iearings in the bottom hnwhet. See 
aUo {’YCLBS. 

Cranking (.-Eng.) (1) Bending in some special 

manner. (2) The curving or hollowing out of a 
cutting tool behind the cutting iioini or edge in order 
to allow a certain amount of spring in the tool. 

Crank Pin ( Eng.) The cylindrical stud or pin of 
a cr.'ink, to which the connecting rod is attached. 

Crape. ’ A material of light texture, witli a crimped 
surface, made of handspim .silk yarn in the natural 
state. On adding to the texture a quantity of 
gummy matter in finishing, the threads “ creep’’Ui 
crimp. Crapes are also made of worsted yarns, the 
effect being obtained by passing the pieces between 
engraved rollers. 

Crash (Z»ec.) See Canvas Wai.l CovEiUNCts. 

Crater ( Oeol.') A term generally restricted to the 
fuuiiel-sLiaped cavity which forms tiic mouth, or 
ujqiermost pirt, of a volcanic, vent. 

- (Pet.) A large; vase or cup wdlh two handles, 

and ha\iiig a wide, opeiJltionlh. It wa.s u.scd by the 
Greek.s ajid Eomans for mixing wine and wat.cr. 

Crawling (Pec.) A defect in varnished wmrk 
which sometimes takes place when tiiere is a sudden 
change in temperature while the varnish is drying, 
particularly when the coat of varnish is too thick. 
The defect <»nnot be remedied, and the only cure is 
to remove the varnish and do the work again. 

Crayon (Art). A kind of pemul for drawing, 
made of chalk mixed with otlier materials, black, 
white, or coloured. 

Craze (Pot.) When the glaze on the surface of 
pottery is cracked it is said to be Ckazbd. Caused 
by Incident in the procc.ss of firing. 

Creak (Met.) The cracking sound made by 
metallic tin when bent. Sometimes tormetl Clti'. 
The sound is due to the rubbing together of the 
crystalline particles of the metal. 

Cream Laid. Writing paper with a ribbed surface, 
of a cream colour. 

Cream of Tartar (rkem.) A common name for 
acid potassium tartrate. Sec TAKTn.\TKS. 

Cream Wove. Hand-made writing paper, having 
a smooth snrlace and of a cream colour. 

Creasing Course (Build.) A course of tiles (near 
the top of a wall) projecting on each side to throw 


off the rain, and to prevent the water from soaking 
down the wall: a damp-proof course at the t<^ eff 
a wall. 

Creatine, Methyl Cuanidihe Acetic Aoldli 

"H, 

.CHj.OHj.OOOH' 

White prisms coutaining 1 molecule 11,0: soluble 
in water. It occurs in muscle, especially in the 
juice. Can he made artificially from sarcosine 
(methyl glycocoll) and cyanamide, ON . Nil,. It 
is present in all meat extracts. Acids, on digestion, 
convert it into creatinine, the same change occurring 
on evaporating its solution. Baryta water changes 
it to urea and sarcosine. 

/NH-1 

Creatinine (Chem.), HN : C< 

\N.CHj,.CH,.00 
White prisms : soluble in water: strong base giving 
salts with acids. Forms a highly charaetCTistio 
compound with zinc chloride (C^Il,N, 0 ) 2 Zn 01 „ which 
i.s very sparingly soluble in water and whose forma¬ 
tion serves as a means of separating creatinine from 
its solutions, e.g. from urine, of which it is a normal 
constituent. Cretitinine reduces Fehling’s solution 
(q.v.), and normal urine owes its slight reducing power 
to this substance. It is formed from creatine (q.v.), 
and is reconverted into this on boiling with alkalis. 

Credentia or Credence. A kind of small sideboard 
wit h one or more shelves. In churches the credence 
table is used to hold the sacred vessels before they 
are placed upon the altar. 

Creel (Cotton Spmning). A stand to hold a 
number of bobbins either on a flyer frame, ring 
frame, mule or warping machine. 'ITtcws are three 
kinds: (1) straight, (2") circular, (3), V-shaped. 

Creep (Mining). The movement or bulging of 
the floor of a mine through the i^ressure of the rocks 
around. 

Creeping (Eng., etc.) The slight slip which occurs 
be.twcen a belt and tlio wheel or drum over which it 
runs. Also a general term for a slow movement of 
one p!irt of a structure relative to another part 
which is in contact with it. 

-( Chem., etc.) The tendency of certain solu- 

tioii.4 of salts ti> ascend the sides of their containing 
vessels, and leave a solid deposit (e.g. siil-ammoniac 
solution). 

Creeping of Tyres (Cycles, Motors). A tendency 
for a tyre to rotate rehitively to the rim. Creeping 
not only loosens the tyre, but also tends to produce 
leakage through the strain set up at the valve. 

Cremation (Hygiene). The cremation of human 
remains is legulated by the Cremation Act, 1902. 
Burial authorities under this Act arc empowered to 
provide and maintain Cbematobia, which must 
not be constructed within a specified distance of a 
dwelling bouse or public highway, and are subjected 
to regulations prescribed by the Kecretary of State. 
This Ingienic disfMjsal of human remains is in opera¬ 
tion at Woking, I.ivcrpool, M.anchester, Hendon,*feto. 

Cremnitz White or Vienna White (Paint.) A 
pigment composed of pure white ica.i. 

Cremona or Cremonese. A name given to violins 
made at Cremona, a town in Lombardy, in the 
seventeenth century by the Amati family, and in 
the early eighteenth dhntury by Stradivarius. These 
instruments have never been excelled, and command 
very high prices. 
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GMOSote (^CAtm.) A liquid obtained from either 
wood tar or coal tar. That from wood tar is derived 
from the fraction, heavier than water, obtained on 
distilling the tar. This is treated with alkali, and 
the solution produced is separated and precipitated 
with acid, then distilled. The fraction which distils 
;it 2(X)° to 220° is creosote. It is a mixture of 
pheuol, cresol, and the methyl ethers dibydric and 
trihydric phenols with other substances. Coal tar 
creosote is that fraction of coal tar wiiich distils 
between 230^ and 270°. It contains phenol, oro.sol, 
napthalene, anthracene, and many other substances. 
Wood creosote is colourless : coal creosote is greenish 
and fluorescent. Creosote is used in preserving 
timber and os a disinfectant. Cn-osote is not soluble 
in water, and to make it so for use as a disinfectant 
(e.g, Jeyos’), resin and caustic soda are added to it. 

epeosoting (A%., The impregnation of 

timber by first drying in a vacuum and then soaking 
in CaaosOTB under pres.sure. The durability 
is very greatly increased by this process, especially 
in the case of timber which is to be exposed to the 
open air or to be partly underground railway 
sleepers). 

Crepon. A dress fabric, the surface of which is 
COokled, composed of a shi'iukable and an nnshrink* 
able yarn. 

Opeqnier (Jle?-.) A French cliarge, representing 
a chandelier of seven branches. 

Crescendo Increasing in loudness. 

Abbreviation, Cres., or -c;. 

Crescent A charge in the form of a half 

moon. Also used as a mark of difference on a label, 
to distinguish the second son. 

/Cn, 

Cresols C.H,^ . I'hero are three of 

' \OH 

cn, 

'lOH 

these compounds, viz. Obthocrgsol, 


CH, CU, 

Mbtaceesol, 1 ^ ; PABAOitEsor., i i . The 

on 


first melts at 31", the second at 4®, and the third 
at 36°. O-cresol gives a bine colour with ferrit; 
chloride. They all occur in wood tar and coal tar. 
They are obtained from the corresponding toluidines 
(g.e.) by means of the diaao re.action. Like phenol 
they have a disagreeable smell, are antiseptics, but 
l^s poisonous than phenol. Tticy are not oxidised 
by Aromk) acid. I’-cresol is a product of the 
putrefaction of albumin. 

CSest (Tier.) An adjunct to the shield, represented 
on a wreath, coronet, or chapeau, and plar:ed above 
the helmet in an achievement. In ancient times 
worn on tbe helmet as a distinctive mark. 

CrMtiBjg (_AroMteot.) An enriched finishing 
surmounting any feature of a building. It is also 
known as BsATTlSHlNa. A* Crest much used in 
ferpendieulafOothic work is known as the Tpdob 
BUIWISB (g.v.) 



Oresylio Add {Chen.) A name given to the 
uncrystallisable liquid obtained in the manufactnte 
of phenol: it is ohlqfly a mixture of the orosols. 

Oretaoeons System (Geal.) The uppermost 
member of Ihe^ Secondary Bocks. It is so called 
because a conspicuous member of the system is the 
Chalk (Latin, creta). The system includes the UpMr 
Greensand and the Gault, which, witb the Ch^, 
form the Upper Cretaceous rocks-of those geologists 
who regard the Lower Greensand as an inferior 
member of tbe Cretaceous System. 

Crib {Mining). A hollow cagC'like structure of 
timbering. It may be left empty, as when it lines 
any cavity, or be filled with rock, etc., to form a 
support for the roof or other part of the workings. 

Cribwork {Civil Eng.) Framing of piles or other 
timbered work, sometimes filled up with concrete or 
masonry. Used for ciirrying the foundations of 
subm.arino work. 

Crimp Cloth (Cottmi Manufac.) A form of ootton 
wearing in which longitudinal sectiun)* of the cloth 
are uniformly crimped or crinkled purposely. This 
is caused by weaving warps at different tensions. 

Crimson Lake (Eec.) A bright red pigment 
pre])areil in a somewhat similar manner to carmine 
({'.!'.) It is not perm.aiient, and is used by decorators 
principally as a glazing colour {q.v.) 

Crinoidal Limestone (Geol.) C'idcarcous rocks of 
marine <irigin, which largely consist of the disjointed 
fragments of the stems of Encrinites. Tiood examples 
are presented by some varieties of the Carboniferous, 
Lime.stonc. 

Criophoms. Litemlly “one wlio carries a lam.*’ 
Hermes ^v}l.^ so named for having .saved the people 
of Taimgra from the plague by carrying a ram round 
the walls. 

Crio Sphinx. A sphinx with the head of a ram. 
One of tlic t hrec varieties of the Egyptian Bphinx, 
the others being the “ Anclro Sphinx,'*\vith the head 
of a human being, and tlie “ Ilieraco Sphinx,” with a 
liawk’s head. Sfe Sphixx. 

Crisis {Clamt Maunfac.) 'UTia period at which tbe 
heat (.f the furnace, after materials are thoroughly 
fu.>,etl, is reduced to tne temperature required for 
working the met,al. 

Crispine (lint.) A headdress similar to the 
ancient caliiiitica (q.v.) 

Critic (-irf). A person who examines works of 
art critically and pronounces opinion upon their 
merit or value. J’roperly an expert who has know¬ 
ledge of the subject criticised. 

Critical Angle (Light). Let ci) be a surface 
.separating .two transparent media, the lower one 
being the denser of the two (e.g. water and air). 

'A 


O 


Then if a my bo strike tbe surface, it will be bent 
away from tbe normal AOB, alobg a line of, in 
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feooordattce with the law of refraction, ain AOr ft 
sin BOB. If now the angle kob he increased, Aor 
will go on inoreaaing nntU ain aof 1, and the* 
refraoted ray passes along OD. When this is the 
case, the ray in the dense medinm makes an angle 
BOO with the normal, such that 
ft sin BOO <=> 1 
sin BOG = i- 

This angle bog is termed the Cbitical Anglr. If 
a ray nmke an angle with the normal greater than 
the critical angle, as at ho, then it suffers Total 
iKTRUNAIi Bsflkctioh along a line ok, and does 
not emerge into the upper medium at all. See alto 
RascTiHii rnisM. 


Gritioal Pressnre {Phyt.) The vapour pressure 
of a liquid which is at'its critical temperature {q.v.") 

Critical State iPhj».') The condition of a sub¬ 
stance which is at its critical temperature and 
pressure. In this state the liquid and gaseous forms 
of matter merge into one, a verj- slight rise of tem¬ 
perature making the substance gaseous, and a vei 7 
slight reduction of tenipemlnre cn using part ial con¬ 
densation to a liquid; als'> in this state both liquid 
and vapour have the s-ame density, and the latent 
heat of vaporisatiou disappears. 

Critical Temperature {Phyt.") The temperature, 
above which it is not possible to liquefy a gas by 
the application of pressure, however great: in other 
w'ords, the temperature above wliich the substaneje 
is absolutely incapable of existing in the liquid state. 

Critical Yolume (Phyt.) lire specific volume, 
i,r. t he volume of unit mass of a substance when at 
its critical temperature (q.v.) 

Crizzliug Manu/ac.') Damage caused on 

the sui face of glass by using cold tools whilst it is 
being manufactured. 

Croccin Scarlet. Sec Dyeb.and Dyeing. 

Crooidolite(-l/'i'a.) A,pscudomorph(^.r.), in quartz, 
of a variety t)f hornblende (jf-v.) with a fibrous struc¬ 
ture ; it has a blue cOustts, owing to the ))rescnee of 
ferrous oxide ; by the change of the latter to fenits 
oxide the mincnil becomes golden yellow. It is used 
ns an ornamental stone. Sometimes termed Blue 
Asbestos. 


Crook {Pot.) Utensils of clay of any form are 
called crocks. Crockery is derived from this term. 


Crocket (d rehvtect.') A hook¬ 
shaped Gothic ornament usu¬ 
ally consisting of half-opened 
leaves. It is used in series on 
the auglos of spires, pinnacles, 
etc., and on dripstones to doors 
aud w indows. Tim earliest, and 
perh.aps the finest, examples are 
found in the later part of the 
Early English period. 



Crocodile Shearz and 
Squeezer. (J/ef., A'ny.) See 
Alliioatob Shears, etc. 


CltOCKBI. 
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Oroboleite (ilfiM.) Chromate of lead, PbCrO^. Lead 
oxide =« 6H‘9, chromic acid = 31'1 iier cent. It occurs 
in reddish-yellow crystals of the Monosymmelrio 
System. It is now a rare mineral. From Siberia, 
Hungary, and the Philippine Islands. 

Oromledhi (^Arohiteet., etc.') See Pbbhistosio 
Abohitectubb. 


foop Hldei iLeeaher). Well growtt heifer Ot ox 
hides tanned whole with oak bark, ohiefiy used by 
country cobblers. They have been largely supetapded 
by Butts and Bbnds. 

Cropped ( Pind.) Said of a book ihali has had its 
margin cut down too much. 

Croppie {Olagt Manufao.) An iron instrument 
used tot conveying a cylinder of glass to the flattening 
stone. See Sheet Glass and Glass Man ubactubb. 

Cropping (JSng., Met, etc.) Cutting the ends of 
bars, rails, etc. j especially cutting iron bars into- 
lengths suitable for making into a fagot ^q.v.) 

-( Woollen Manvfae.) Relates to the removal 

or slmrtening of the nap, pile, or fibre on the face 
of the fabric, by cutting. The work is done on the 
cropping or cutting machine. 

Crore. Ten millions — one hundred lakhs. 

Crosier. See Cbozibb. 

Cross (Pnff.) A name applied to various objects 
whose form is that of a cross; e^. a four-armed 
support used in foundries for raising heavy weights: 
a connecting piece for four pipes or rods which 
meet at right angles, etc. 

-(/fcr.) This is one of the ordinaries; it is 

formed from two other ordinaries—the pale anti the 
fe.ss. If not otherwihc determined, the cross is placed 
in the centre of the field, and extends till it meets the 
outer edges of the shield. The cross exists in many 
forms. Gwillim enumerates 39 varieties ; Leigh, 46 ; 
Edmondson, 109; and IloVwon, 222. The following 
arc among the principal varieties :— Anchored : With 
the limbs terminaled in anchors. Avellane: With 
filbert husks at tim ends of the limbs, liotonte or 
Trefif'c: Has trefoils at the ends of the limbs. 
Boton&e FUchee: The same as botoa6e, bnt with the 
lower limb pointed. Calvary : A Latin 
cro.ss on steps or on degrees. Cercelee 
or BeeerceUe; The ends of the limbs are 
floriated. Cliampain or Pointed: The 
ends of the limbs arc pointed. Clechite 
or Ur dee: With a blunt arrowliead 
at the end of each limb Couped or 
llmnettee : When the end of each limb 
is cut off square, so that it does not OLECHsa 
reach the edge of the shield. Croeslet; With each 
limb cro.ssed. Cntxilly or CrneiU: Several crosa 
orosslets on a field. Degraded: A Latin cross on 
stops (usually three). Engrailed : The 
lines of the cross engrailed. False: 

See Voided. Fimbriated: With a 
narrow border to each limb. FitohSe: 

With the lower limb pointed. Flewrie : 

With the end of each limb formed 
into a fleur-de-lis. Flewrettie: With a 
fleur-de-lis attached to the end of 
each limb and not forming a part of noHsiur. 
it, as in the last. Formee : See I’atfie. Fourehe" : 
A cross moline with the curved end.s of the fors- 
de-moline cut off. Fgifot: A cims 
CramponnfS. .Sfet* Fylfot. With 

limbs of equal length. Mnmett&e; See 
Couped. In Cross: When charges 
are arranged crosswise. JMin: V ith 
the point of intersection placed above 
the centre of the shield, and the 
three upper limbs of ^the same length, 
but the fourth much longer. Malte^se,^ 
or Cross of Eight Points: A variety of cross patf’C 
in which the wide extremities of the limbs are 
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notched or indented. This was used by the Knights 
Templars and Hospitallers. Moline: With the ter¬ 
minations of the limbs formed of feis-de-mcdine or 
mill-rinds. Nowy : At the centre is 
a rounded disc which shows between 
the intersecting limbs. On Begreet: 

See Calvary. Passion: A Ijatin cross 
■couped. Paiie or Formie: The limbs 
are wedge shaped, with the apex at 
the intersection; they are of equal 
length, and do not reach the edges 
of the shield. PaMe Fitehee; A 
cross pat6e with the lower limb pointed. Pntonee; 
The limbs are not drawn with parallel lines, but 
gradually tapering to the intersection; the ends 
are floriated. Patriarehal: A cross 
with the upper limb crossed by a 
bar shorter than the central limb. 

Pointed: See Champain. Pimmec or I 
PommeUe; With a ball at the end of 
each limb. Potent: With a bar at the 
end of the limb at right angles to 
the limb, and of the same length as 
the limb, called after the fur of that 
name. Potent Fitehee: A erttss potent with lower 
limb pointed. Potent Quadrate: A eros.s pttent with 
intersection as in Quadrate. Quadrate: When the 
centre is square, not round. Quarter 
Pierced: A small square hole at the 
intersection of the limbs. Quarterly 
Pierced: The whole of the intersection 
is removed, the limbs onlv touching 
and not crossing, liagulec: When 
the limbs are bounded by lines raguhi. 

Itayonnant : With rays of light .spring¬ 
ing from the intersection of tlic limbs. 

Peeercelee: See Ccrcudde. Saltire, or Cross of St. 
Awlreui: Formed by the intersection of a l)eiid with 
a bend sinister, similar to a capital Xs known as 
the Cross of St, Andrew; it extends 
to the edges of the shield. Tau or 
Cross (f St. Anthony: Has no u])i)er 
limi)‘; it resembles a T» the Greek 
equivalent being Tau. Trcjfce: See 
JBolonfie. Under : With the border 
lines und6. Urdee: See CJecli6c. 

Voided or False: When the entire 
centre of the limb.s is cut out, only 
the outline being shown. Voided throughout: 
When the voiding is carried to the end.*, of 
the limbs of the cross. Wavy: With the border 
lines wavy. National Crossks :— England: Cross 
of 8t. George: A red cross on a wliite gi-ound. 
Scotland: Cross of St. Andrew : A diagonal white 
oross on a bine ground. Ireland: Cross of 8t. 
Patrick; A diagonal red cross on a white ground. 
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Cross, Archiepiscopal. See under Crozieb. 

Cross Band ( Woollen Manufac.') Applied to yarns, 
and meaning that the twine in spinning has been 
inserted from right to left. See Open Band. 

- (JUice Manufac.) Breadths of lace made 

crosswise of the lace machine. Good effects may be 
obtained by this method, but the length of each 
breadth is limited to and determined by the width 
of the machine. 

Crossbow (Am.?), A missive weapon consi-sting of 
a bow fixed to a grooved stock or barrel which held 
the mis.sile, and a mechanhsm for bending the bow, 
some of the largest being furnished with a windlass 
for this purpose. It was the favourite weapon of the 
Oenoese, and was also used by the 8wiss, the French, 


the Germans, and the Chinese. In England it was 
superseded at an early period by the handier and 
’ more deadly longbow, which could be fired font 
times as quickly. The missile generally used with 
the crossbow was the square-herded bolt or qnarrdl. 

Cross Bred ( Woollen Manufac^ A term applied 
to medium-stapled wools, and indicative of the 
crossing of fine and merlium wool sheep, etc. 

Cross Coarse {Mining). A ,vein running into or 
out of another one at an angle. 

Cross Cut Chisel {Eng.) A narrow cold chisel. 
See Cold Chisel. 

Cross Cut File {Eng.) See Double Cut File. 

Crossed Arm Governor {Eng.) See Governohs. 

Crossed Lens {Lltjht). A biconvex lens in which 
the curvatures of the two surfaces are unequal. 
This (jonstrnction can be made to give less spherical 
aberration {g.v.) than that jirodiiced by a biconvex 
lens whose surfac«s have the same curvature. 

Cross Girders {Eng.) Short bars or girders 
acting as side strut.s or ties betwewi two longer 
girders. 

Cross Hatching. Engraving or Imtching a surface 
with seritts of jianallel lines, one series crossing \;he 
other. Jn drawings and engravings shading is 
effected by this method. 

Cross Head {Eng.) The structure fixed to the 
end of a ]iist.»n rod to which the connecting rod and 
the slide blocks (ly.n.) are attached; also a bar, plate, 
etc., fixed to tlie end of the plunger of a hydraulic 
press or ram. 

Cross Heading {Mhmig). A drift or passage 
from one levid to another for ventilating purposes. 

Crossings {Eng.) Spaces left, in the rails when 
one ‘-ft of lines crosses another on a railway; they 
allow the tianges oti the wheels to pass through 
when a train is running on a set of rails which cros.scs 
another sot at an angle. 

Cross Magnetisation {Elect. Eng ) The produo* 
tion of magnetic lines in the armature of a dynamo 
or motor, due to the current flowing through it.s own 
coils; inside the iron of thc-^inatiire those lines are 
,ap 2 '‘rnxiujately at right auglo.s to the lines .sent through 
tlie armature by the field magnet.s. The effective 
field in the air gap acting on the armature con¬ 
ductors is the resultant <if the cros.s field and the 
original iield, and is eijuivalent to a rotation of the 
original fiehl in the dire<‘.tion of motion in the case 
of a dynamo, and in the ojiposite direction in the 
case of a motor. Tf there be a load to the brushes, 
a deniagnetising effect will also be produced. 

Cross, Monumental. I he eleventh century saw 
the commencomonl of the use of these on grave¬ 
stones, 8omctime.s incised, sometimes in low relief. 
Examyiles are still extant of the plain linear cross, 
but more often it was adorned with floriated orna¬ 
mentations on the upper Iiml).s, and the elongated 
shaft was generally enriched. When monumental 
bras-ses were introduced, some bore the cross, either 
jiiain or .sometimes showing elaborate enrichments, 
with or without figures kneeling at the ba.se or 
within the opened out heads or at the intersection of 
the upper limbs of the cross. Initial Crosses are to 
be found at the beginning of monumental inscrip¬ 
tions : a plain Greek cross was generally used. 

Cross, Pectoral. A cross worn on the breast by 
high ccelesiabtics and royal personages. Notable 
examples: Ht. Cuthbert’s Cross at Durham, Dagmar 
Cross in Denmark. 





CBO 


141 


CBU 


Grots Section. (1) A cat across any object at 
right angles to its lon^h or to some other specified 
line, (2) A drawing of such a section. 

CroBB Slide iEng.") The part of a planing machine 
whicli carries the tool box, and along which the 
latter can be moved in a direction at right angles 
to the traverse of the table of the machine. 

Gross Tongue (jCarp, and Join.) A thin slip of 
wood with the grain at right angles to its length. 
It is Qsed to form the tongue in a tongned and 
grooved joint when extra .strength is required. 

Cross Tubes (.Eng.) This term is usually applied 
to tubes running horizontally through the firebox of 
a vertical boiler. Eor Botlsrs, 

Cross Wind (Woollen Manufae.) A method of 
winding the yarn on to a bobbin, with a short cross 
traverse. 

Crotal (Archatol.) An ancient rattle, or castinets 
marie of bone or wood. Used perhaps as an accom¬ 
paniment to dancing. 

Crotchet (5f?r*ic). flee Notis. 

Croton Compounds ( Chew.) Ckotoittc Alorhvdk, 
Cli.,011: (’II. (UiO, a liquid with irritating odour and 
boiiing at 101°, is obtained by tiie conilen-sation of 
aldchj dr on heating with zinc chloriilo. On careful 
oxidation it yield.s (’IIOTONIC) Acid, an acid capable 
of existing in two storeoisomcric form.s. See 
Sterboisomkrism. 

OIL. (’I! riL.C.H 

II . I . 

nO.OOOH HOOC.C.H 

The onlinarv form molts at 72°. 

Croton Oil. A {lowerful irritant drug obtair''d 
from the seeds of Cro/on. Tlglimn (order, IHuphor- 
hiarecr) by pressure. The plant is a native of the 
Kast Indies. 

Crowbar. A long bar of iron with a claw at one 
end. Sometimes the end is flattened or eliisel-like, 
without being formed into a claw. Used as a 
wedge or leter for a variety of purposes. 

Crown. Originally a crown wa.s a wreath com- 
po'-cd oC fiowe.rs, or Ifflivea of laurel, oak, olive, etc. 
Such crowns were awanied by the Greiiks and 
Bomans to vict.ors in public games and to citizens 
who had greatly benefited the State. Eventually 
such crowns vvere made of gold. In modern times 
the erbwn is the badge of sovereignty, and forms 
the covering for the head of a monarch on State 
occasions. The English crown con¬ 
suls of a cincture of gold adorned 
witli precious stones, and having alter¬ 
nately four Maltese crosses and four 
fleurs-de-lis. From the crosses sqiring 
arches, surmounted at the point of 
intersection by a mound and cross. 

The crown so formed encloses a The ENOLisn 
crimson velvet cap having an ermine Bovai. Crown-. 
Iwrder. Coronets (g.v.) arc without the arches. The 
crown of Charlemagne, which is still iveserved in 
Vienna, is composed of eight plates of gold varying 
alternately in size and connected by hinges, the 
larger plates being jewelled and the smaller ones 
ornamented with enamels. The front plate of this 
crown is surmounted by a cross. 

- Her. The heraldic crown has various forms, 

and generally has one or more arches. The earlier 
form of crown differed only slightly from the coronet. 

- (Build.) The higlmst part of an arch. 

See Abch. 



Crown Glass. This is now used principally for 
mosaic picture windows, the varying tinto of the 
circles or sheets, due to its irregular thickness, 
lieing an advantage, and the necessity of flattening 
is avoided. It has a more brilliant surface than 
either sheet or plate glass, but owing to its method 
of manufacture’ the surface is not so regular, and the 
diameter (the slieet is circular) does not exceed 
70 in. The bull’s-eye in the centre further reduces, 
to a considerable extent, the size available for use. 
See Glass Manufacture. 


Grown Leather. Known also as Prelleb's 
Leather and Helvetia. Made first, fifty years 
ago, by Preller, and stamped with a crowu. The 
leather is prepared by drumming (q.v.) hides in 
mixture of oil, fat, flour, and salt. Used for belt 
laces and light belting. 

Crown Wheel (Eng.) A toothed wheel with the 
leetli at right angles to the plane of the wheel. 
Used in certain cases instead of bevel wheels for 
connecting two shafts at right angles. 

Crow Step Gable (Arrkiteci.) See Corbie Step 
Gable. 


Crozier. The 

sign of ofliee of 
a bishop or abbot. 

It is in the form 
of a shejiherd’s 
staff with a 
crooked end. The 
stuff used bv' an 
an;hbisho])issui- 
mounted by a 
“cross. 

Cruciblct Metal¬ 
lurgy). A pot 
in wliicb melting 
operations arc 
carried on. Made 
of sonic form of 

porcelain, fire- rASToiiAi- biAir. 
clay, magnc.siu, Tiukteentii Ce.ntcbv. 
plumbago, gra¬ 
phite, lime, or a special refractory mixture. A good 
crucible should witli.stan<l tiie highest temperature to 
which it is liable to be subjected, without fusion. 11 
slmuld also bear any sudden changes of temperature 
vv-ithont fraiduro, and be unacted on by tlio materials 
v\ liich it may contain. For certain chemical purposes 
small cvueibli's are made of platinum. 



AlUlllEl'IbCOHAl, 

Cuosii. 


Crucible Steel (Eng.) Cast steel (s'.».) made by 
the cementation process. 

Crucible Tongs (Met., fViem, e(e.) Tongs with 
j.aws suitably shaiHid for lifting crucibles. 

Crucifix. A figure representing the dead or dying 
form of Christ on the Cross. 


Crude Carbolic. See Gas Manufacture : Coal 
Tab Distillation. 

Crude Oil. See Gas Manufacture : Coal Tar 
Distillation. 

Grup Butt (heath'Cr Manv/ac.) The crup is a 
small portion of the horse hide. It is cut from the 
portion over the loins of the lio'rse, is-more water¬ 
proof than the other part, and on account of its 
greasy and soft nature is valuable for the uppers of 
boots, esi)eciRlly .shooting or fishing boots. 

Crushing Strain (Eng.) A strain caused by 
simple compression. 
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Crust of the Earth A tenn applied, 

somewhat vj^uely, to such parts of the earth’s outer 
envelope as are ac;oessible to hnman observation, or 
which there is reason to think are represented by any 
kind of rock now appearing at the surface. 

Cratch (^Clocltit, etc,') The lover fixed to the verge 
or pallet arbor (gf.r.) of a clock for the purpose of 
conveying energy from the pallets to the pendulum. 

Crateh>head. (fier.) Known as Potent (q.v.) ■ 

Crutcher (^Chem., Eng.') A wooden plunger used 
to agitate soap in the cooling frames. The act 
of “crutching” prevents the soap separating into 
two liquids, and also incorporates the materials 
used for “ filling ” 0/.».) Special crutching machines 
are now made on the Archimedean screw principle. 

Oraohydratee {Phys., Chem.) If a solution of a 
salt be made of a particular strength depending on 
the pature of the salt, and this solution be cooled 
to a particular temperat.are also depending on the 
nature of the salt, the whole solution solidifies ; the 
solid thus produced is calkid a Cbyohyduate. At 
one time cryohydrates were thouglit to be definite 
compounds, but it is now known that they are only 
mixtures. The cryohydric lemper.iture is the lowest 
that can bo obtained by mixing the two components. 
For water and salt the proportions arc 76‘2 to 23’8, 
and the cryohydric temperature is — 22°. 

Cryolite A fluoride of aluminium and 

sodium, 3XaF. ALF,. Aluminium = 1."5, ^odium =32-S, 
fluorine = 54*2 per cent. It is a white lamcllatiid 
mineral with a perfect cleavage; small fragments 
fuse easily. It is a source of aluminium, and is also 
used in the manufacture of a porcelain glass. It 
comes chiefly from West Greenland. * 

CryophoFUB. A xiiecc of apparatus to show that, 
water be(;omes cooled by its own evaporation. It 
consists of two glass bulbs connected by a glass tube. 
This is partly filled with water, which is boiled to 
exjjel air and then sealed up wliile steam is issuing. 
To use it, the water is colloi-led in one bulb and the 
empty bulb placed in a fi eezing mi.xt ure; then the 
rajiid conden.-ation of vapour in one bulb sets ui> 
rapid evaporation in the other, w illi the ic.sult that 
the water falls in tempeniture until it frecze.s. 

Crypt iAreJtiteet.) A chamber in a building below 
the level of the ground. 

Crystal (_Min.) A crystal is a geometric .solid 
composed of a substance of definite couiijosition, 
with a dclinite jnteriuil arrangement of the luole- 
culea. Crystals are, in the great majority of casi-s, 
bounded by plane surfaces called Faces; each 
.gthunetric figure or Form, many of which may ho 
combined in turn crystal, consists of two or more 
faces. For the various types of crj^stals, SvaXEMS 
OB’ CKYSTALS. 

CrysiaUine Rocks ( Geol.) Strictly sx^eaking, this 
term may be a)>piied to at>y rocks in which a 
crystalline structare can be made out. More u.'-ually, 
however, the term has now come to mean rock other 
than the normal or unaltered forms of .stratified rocks. 
Thus gneiss, ipinite, dioiite, and various oilier rocks 
of eruptive ongin. as well as schists, are understood 
to come under this designation. 

OryttallisatioD. Tlie process of formation of 
ofystals (fl'.r.) The material must, as a rule, be in 
the liquid state, thus permitting a free movement ot 
the molecules, which can then take up the definite 
regular ^xraageinent which is an essential feature of 
A crystallise substance. 


OrystaUltes etc.) A convenient designatloa 
for the embryo sta^s of development from which 
orj'stals of ‘r<>ck>£orming silicates afterwards arise. 
In an arrested stage of development crystallites are 
often met with in eruptive rocks of vitreous stoicture, 

Grystallographic Notation (Ifm.) The method 
of indicating tiie relation of a given crystallograpliio 
form to the axes of the crystal. There are many 
diiferent nutations; the one most used now is 
Miller’s, in which the indices are integral numbers 
proportional to the reciprocals of the various inter- 
oepts on tliG axes. 

Crystallographic Systems {Min., etc.) See 
Systems oe cuystalm. 

Crystallography. The science dealing with the 
forms and nature of crystals. See Systems OP 
Ceystaes. 

Crystalloids (PAys.) Bodies cax’able of rapid 
diffusion when in solution, us opx>osed to CoLEOios 
iq.v.) The majority of them can be crystallised; 
hence the name. , 

Crystals, Systems of {Afin., etc.) See Bystems 
OP Crystals. 

Cb {('hem.) Symbol for Car-sium (iq.v.) * 

Cu ( Chem.) Symbol for Copper (q.v.) 

Cube. A regular solid whose faces are six equal 
sqiuiri's. 

Cubebs {Botany). Piper cubeha, (order, Plprvaeeee). 
The drug is, like pepper, the dried imriiie fruit. 

Cubic Space {Jtygirw, Vadilation). The cubic 
capacity ol a room is aseei tained by multiplying tho 
length by the width and then by tlie height. It is a 
f.allacy to suppose that air siiaco does away with the 
iieees.'>ity for tho renewal of air. Even the air of 
tiie largest will in time become vitiated. 

Basing calculations on Die amountof carbon dioxiflo 
exhaled per individual per hour, it is found that 
each jiorbon lequires 11,000 cubic feet of air during 
that xieriod. The free air space provideil for each 
person should be not less than i,tHX) cubic feet, 
]iro\isii>n also being made for renewal of the air 
three times in tho liour. irtumiteJy this standard 

is not often n-achtd. The following sliowsthc cubic 
sitaoe per individual in larious jilaces; 

Schools .... 130 cubic feet per bead. 

(lommon Tyiduing Hou-sos .SOO „ ,, 

Fae.tories and Workshops 250 „ „ 

Barracks .... (500 „ , 

In ho.'.[)i(als a much greater amount of cubic space 
should bo allowed. 

Cubic System {Min.) One of the crystal systems. 
Also called IsoMETiuc, 'J'ESSKRAL, IlV.OULAB, and 
MoNOMETRIC. In it there are three axes, all equal 
and all at right angles, so that no one can be 
regarded a.s the x>rincip'il. There are nine planes of 
syminetri. See. Systems ok (.’bystals. 

Cucurbit {('hem. Eng.) The body of a still: the 
belly of an alembic or retort. 

Cuir Bouilli, Cuir Bouilly. Boiled leather. The 
term was sometimes aiijilied to letither armour Ubed 
in the Middle Ages. Cuir bouilli was often orna¬ 
mented by impression and manufactured into various 
articles of dress. In the sixteenth century it was 
used for haugiugs for rooms, and tvhen decorated 
with gold or silver was known respectively as CviB 
l»OUE and OUIK .4BaBETE. 

Gullet ( Qlata Manufae.) Waste glass from broken 
articles, etc., used for juixing with raw material to 
aid fusion. * 
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Calm iBotimy). The jointed stem of certain 
^ants, snoh as grasses, A synonjmons term is 
HAI71.M. 

— (ffeol.) A local name for an impure form of 
coal found in the Carboniferous rocks of Devonshire. 
The rocks in which it occurs are often called the 
Culm Measures. Some of its members are true 
radiolarian cherts, formed in deep sea water. The 
stratigpiaphical position of the Culm Measures may 
be near the top of the Yoredale Series. 

-( Mining). Waste coal mixed with rubbish. 

Calvert (fHvil ling,') A small tunnel for carrying 
water, 

/CH, 

Cniiese (Cliem,), CjHj. CH^ (Isopropyl ben¬ 
zene), a colourless liquid boiling at 163"; dilute nitric 
acid oxidises it to benzoic acid. It occurs in coal 
tar. I’rcpared by action of i.sopr(»pyl bromide on 
benzene in presence of aluminium chloride. 

Camnlo Btrataa {MHrarol.) fktt Clouds. 

Cumulus (l^eteorol) Hea Clouds. 

Cup. An ornamental vase, with or without handles, 
iiioiiwitcd on a foot. Originally intendeil. to drink 
out of. 

- (C'gcle), The hollow piece which forms the 

ball race of a hall bearing (c/.r.) 

Cup and Ball {/jagp'ttm;/). A universal joint on 
the ball abd socket principle, used for hanging gas 
pendants. 

Cupboard. An arrangement of shelves sometimes 
enclosed with doors. Of great variety of form, and 
varying from a few simple hoardr. fastened in a 
rece.'S to elaborate carved pieces of furnilnre. 

Cup Chuck, Bell Chuck {Eng.) A chuck with a 
cylindrical hollow, into which objects to be turw d 
are driven, and held in tlic hole by friction, by 
wedges, or by* sct-screws passing tlirongh the wall of 
the chuck. Chielly used for light work or for oi'na- 
raeiilal turning. 

Cupel iA/tsaying, CJirm., rfr.') A small sh.allow dish 
of bone ash or some oOior absorbent material, used 
when the operation of Ciyj’Uj.LATlON (y.r.) is con¬ 
ducted on a small .scale. 

Capellation {Afsayhig, f'fo'm., etc.) The jiroces.s 
of separating a metal from otliers more readily 
oxidised, by heating with exposure to air on a hearth 
niailo of some porous material which will aksorb all 
or part of the oxides produced, while the metal it is 
desired to obtain remains as a fused regulus at the 
bottom of the hearth. Such a ptrous hearth is called 
a cupel, and is made of bone ash or a cheajier 
substitute (mixture of clay tind limestone). .An 
example is the separation of silver from lead. See 
Lead. 

Cup Leather {Eng.) A leather ring, produced by 
forcing a flat ring of leather into a mould until its 
cross aet'tion becomes the shape of letter U. Used 
as packing for the pistons of pumps and hydraulic 
rams. The material is technically known as Hy- 
DBAUUO LhATHEH {g.V.) 

Cu^la {Architect.) A curved or cup-shaped roof, 
covering a square, polygonal, or circular chamber. 
This form of roof is also known as a Doue (g. r.) 

— {3fet.) A cylindrical Iron furnace lined with 
firebrick: used for melting cast iron in the foimdry. 
It is worked bjr means of a blast, and has the necessary 
openings for introducing the charge and for with¬ 
drawing the slag and fluid metii. 


Cup^ BlMt FunuuM (Metallurgy), A small 
f<mn of blast furnace built with on external, iron 
case, like a cupola. •. 

Cuprie (hHuponadt, Ooppev. See Cofpeb <ldx- 

FOUNDS. 

Cuprite (Min.) The red oxide of copper, Co^. 
Copper = 88-8,oxygen = 11'2 per cent, Itorj'stallises 
in octahedra of the Cubic System, but is also found 
massive, earthy (Tile Obe), and in capillary crystals 
(Chalootbichitk). It is worked as an ore of- 
copper. Good crystals have an adamantine Instre, 
are translucent, and of a deep ruby red colour. 
From many Ooniish mines, Devonshire, Spain, 
France, Siberia, Lake Superior, Australia, etc. 

Cuprous Compounds. See Copfeb Compounds. 

Cuprum, Cupric, Cuprous. Ctipruita is the Ijatin 
name for copper, and from it is derived the symbol for 
Copper, Cu. Copper forms two Series of salts; those 
containing more copper are called cuprous, those 
coutaining less arc called cupric, salts. See CoPFEB 
Compounds. 

Curare or Curara {Botany, Che»n.) The well 
known arrow ijoison of South America; is obtained 
by maceration of tlie hark of Strychme toxifera 
{or(io.r, Logaaiaccfe). Used in medifine. It is said to 
contain an alkaloid termed Cubasine, bat this is 
probably not a single substance. 

Curator. A person in cliarge of a picture gallery 
or museum. 

Curb {('corj),) (1) The horizontal timbers under 
the sill of a lantern light. (2) The plate -to which 
the feet of the top rafters auil the top ends of the 
lower mftors arc fixed in a Mansard rof»f. 

-( Chem. Eng.) The upper, conical, or barrel¬ 
shaped part of a soap-kettle or copper where it is 
widened to prevent boiling over. A h’an Curb is a 
modern form in which two paddle wheels or beaters 
on a horizontal shaft are operated beneath the 
surface of the soap by a vertical shaft and bevel gear. 

- (Mining). The frame used in sinking a shaft, 

which BUjiport.', the lining. 

- or Curb Ring (Eng.) An annular wheel 

{g.r.) fixed on the bed plate of a crane and used for 
rotating the crane. 

CuFCumin {Client.), C„H„Oj. Orange-yellow 
pri.'jus melting at 178": it ii the colouring matter of 
turmeric, root: obt.aiiicd from the root by extraction 
with ether after it has been distilled with steam; 
it is a weak acid. Alkalis turn it brown. The action 
of boric acid is chjiractei'istio; this acid turns it 
reddish brown. Hydrochloric acid does not change 
this colour, wliilc acids change the brown produced 
by an alkali back to yellow. 

Curd of Milk (Foodg). When an aoid is added 
to milk, curds and whey are formed. The former 
consists of casein (the proteid of milk) and fat, 
while, the liquid whey contains the sugar, salt’, etc, 
The curd of cow's milk is not so digestible os that of 
human milk; this may be counteracted by adding 
barley water and lime water to milk intendM for 
infants. Cheese i.s prepared from the Curd, while 
casein is always present in butter. See Cow’8 Milk. 

Cure (Leather 3fanvfac.) A material or solution, 
of a material capable of caring or arresting the 
decomposition of animal hides or skins. The most 
common “cures” in use are salt, arsenio, borUcio 
acid, and compounds of carbolic acid. See aUo 
Dbpickling. 
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CniiiM il^her ‘AamfM^ ^des or 

jkihs Qiwo (■^v.'),, for the purpose 

of preservlilg them nunog trsbn^ 0 i<t. , V 

’ ’-Corlodtles Objfeots of interest, 

valued for tlieir apiiqftity^, rareness, or costliness. 

Chip! Yam Mtmvfdn.y. 'A. eompoimd 

tliread in wliich one - of' the strands is formw into 
curls pr loops,- , ■ , . ' ' 

Ghhrent Bedding Another term for what 

is toore asuaJlJ-kBiov^;n as*'FAi.SE! Bkoding or as 
- 0116 ® STHATincATroN. The rocks in wliich it 
' opceBts 'are usually either sandstones or conglomerates. 
. ip &ll pases the pl^cs of original depo.siiiou were 
. not paniilel to the horison. Tlie structure is due to 
deposition by tl»e action of bottom currents. 

'• , CuFFent Density {Elcot. Hht;}.) The amount of 
ourrent, per unit of area of cross section of a con- 
, dndtor. A eomtnon rule for determining tlie size of 
y a tfonductor is to allow 1,000 ampf’res per srpiare 
■inch, but this ri'quLres much modilicat ion according 
“ to the dSpth to which the condnctiir i.s covered and 
its facilities tor radiating away the iicat produced 
‘v hy the pasfw^e of the cnri cjit. Tliis rule only takes 
into consideration the heating limit, and is u.scful in 
XV'iring buifdings. In main conductors for snpjdying 
current from cciitnd stations’!ho current density is 
' determined by the perccntiigo loss of energy in them, 
which u.«iial]y become.s cxoe.ssivc long before the 
^^iicating limit is rc.oelied. 

CuFFent, Electric. Electricity in motion, flowing 
, from place to place along a oonduetcr. 

•CuFFying (^Leathr-r Mavufar.') A process by 
>. which gri ase is put into tanned leather to make it 
pliable and water resistant. Harness, belting, boot 
npijcrs, straps, etc., are alw.ays curried. 

CuFtail Step {Carp, and Join.') A step with a 
• scroll end. 

Curtain {(Jhrm-. Eng ) The sheet lead porthm of 
a vitriol cliarnber suspended over the •■.saucer.” It 
resembles a rectangular box suspended upside down 
over it.H lid, the lid being the “ saucer.” 'I'lie mouth 
of the curtain is sealed by a layer of acid in the 
saucer. 

Curtain Machine {Lane Manvfar.) A twi.st lace 
machine especially adapted for the production of 
lace curtains. The jiriticipal feature is its cajvicity 
fi.r the reproduction of de.sigri on an extensive scale. 

Curule Chair. See CiiAiit, Civkule. 

CurvafuFo. The curvature of a line is measured 
by the ito(!iprocal of its radius of curvature {q.v). 
The curvature ot a surface is the sum of the cur\a- 
tnres of two cross sections of the plane, made by two 
[lanes catting the surface at right angles to each 
other. 

Curre Banging {Surveying'). Marking out on the 
ground a scries of points through which a curve of a 
given radius passes. 

Curves, Magnetic. See Lines ok Force. 

Cnrves of Magnetisation {Elect. Eng.) Curves 
showing iho relation of the magnetising force to the 
intensity of magnetisation or to the magnetic 
induction produced by it in any given sample of 
iron or steel. 

"* OnrvUinear.f krc/iitert.) One of the periods into 
which Sharpe diridod English Gothic architecture. 


ISis diri^oit, bnsed’bh tbe'’fotm;bf ^ windows, Di aa 
follows: ' • . ' 

, Anglo-Saxon. . .'*i ■ 44k—:1066 

' Norman, ” lfl^-f-1149 '■ 

Transitional . , n' 11^?—:J]}10 

Lancet . . . JJ90;^1245 

Goomelrical . . . 1245^-11^5 

Curvilinear . „ 1315—18(50 

llectilincar . . 1360—1650 

The windows of the curvilinear type Have tracery in 
which the bars are formed into uodnlating curves 
(flowing tracery) or tracery formed in reticulated or 
netlike forms. See Lkcorated artd Reticulated. 

CuFvilineap Motion. ^lotion along a curved line. 
To maintain suoii motion of a body a force mSist be 
exerted on it directed towards the centre of curva¬ 
ture of the curve. If v is the velocity and m the 
mass of the body, and e is the rorlius of the curve, 

V" 

tlie force must be equal to vt • 

Cushion Capital {Arehiteet.) A form of capital 
used in Norman work. The Imrizonl (d section of the 
upjier part of this capital is sq\iare, to fit the abacus, 
while the lower part is .shaped like a bowl, so as to 
fit a circular shaft. * 

Cushioning {Eng.) The gradual checking,of the 
motion of toe pi.-ton of an engine by the admission 
of steam or by the closing of the exlpjust port ju.st 
before the end of the stroke. Oushioiiingds shcnyn 
by the rounding off of (hat corner of the indicator' 
diagram {q.r.) wliich connects the exhanst and »d- 
inis.sion liiie.s. 

Cushion Type {Cycle, ete.) A tyre consisting 
essentially of a very thick-walled rubber tube, (.]ie 
walls of the tube itself being thick enough to su]ij)ly 
a ‘ertain amount of io.silienee without intlataon’. 
Cus'iLoq tyros may he said to liavc Uien interrtib- 
diate between the old solid tyres and the tnodurn 
]>ncnraatics, but they were always un-satisfactory, and 
are jiraetically cxtinc-t. 

Cusps {Arehiteet.) The projecting points pro¬ 
ducing the leal’-.shaped 
fo’. ms or foils of flotiiic 
tracery. In the Early 
English period, during 
wliic'h cusps were iutio- 
duced,they were worked 
on the sotlit of the 
tracer.v bar or arch, and 
had the .ippeuranoe of 
having been attac' cd 
to it as an after¬ 
thought, In later work 
the inner moulding of 
the Ixir ailjacent on the 
soffit was continued on 
the cusp, so that the 
latter ajipears to be 
an essential part of the tracery bar. See Foils. 

Cut (Art). A print from a wood block ‘is some¬ 
times called a “ cut.” See Cui'S. 

- {Ootteii). A woven piece length of cloth. 

- {Eng., etc.) A process of removing metal or 

wood by means of a cuttiqg tool. ‘'Heavy” cut, 
“ light" cut, etc., are usual expressions referring to 
the amount of material removed at a time. 

- {Linen Manvfae.) When the yam Is being 

reeled into hanks, the latter are made up of ^mall 
parcels of a hundred and twenty threads, or 300' 
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There are' nsusHJj"'1i'*rfv& cuts to tone faai^, but 
sometimes'Qhly'teo. yilfeu Cuts. 

Cui and' ttitred" Stvihg (Join.) A out string 
(g.v.y used in a stairoase in \yhioh there are .no 
ornamental braofcets to conceal the junction of the 
risers (i 2 ^;t!.X'with the string. The junction is made 
i» this case by means of a mitred joint. Sse altto 
Btaiboasub. 

Cntiole (B‘<^any). The outer layers of the wall.s 
of epiderraal* Cells. The original cellulose of the 
wall becomes converted into a strong waterproof 
substance—CUTiN. See Baffia. 

—r- (Zoology), (1) A thin membrane formed 
by a SECttETiON (ohitin) of the outer surface of 
many invertebrate animals (example, caitbworrn, 
crayfish', etc.) (2) Tlie outer or horny layer of the 
epidermis of tlm mammalian .^kin. It is’composed 
of dead cells, whose protoplasm is converted into 
KbkAtin (jg.v.) 

Cutlaa (Arnut). A short heavy sword vrith a wide 
curving bla<lc* intended rather for cutting than 
thrusting. This weapon was formerly used by 
sailors. 

Cut-Off (A'»y.) The point at which the admission 
of stoaiu to a cylimlci is stopfied. It usually varies 
from a quarter to Ihrocquarters of the stroke, and 
is determined by the lap (<[.i\) in the ease of the 
ordinary slide valve. Variable cut-off is obtained by 
th 6 u.se of a- separate valve called the Exiiansion 
Valve in ordinary engines, or by controlling the 
actum of the admission valves in Corliss engines. 

'f)8t9 (Typag.) A term used by printers for illus¬ 
trations of any kind. 

^ — ( WuolUn Mamifac.) The Scotch term for 

c^nints (q.i'.) Gala.shiiils out is a length of 300 yards 
in 24 OS'.., and the Hawick cut the same length 
iir 2(5 oz. 

Cut String (Join.) A string (g.v.) in a staircase 
which has ifs ujijwr edge cut out into a .succcs.sion 
o](, rectangular notches, the eilges of the notches 
Ireing alternately vertical and liorizoiital, corre- 
f^ouding to the risers and Irentls (g.v.) 

ASutter (JSmild.) A soft brick used in gauged 
arches. Also termed a 11 umber or llUBBiNti Brick. 
Si^e DaicKS. 

-- (JSng., etc.) The actual cutting part of a 

maelune tool, especially tlie I’otating cutting wheel 
n.sed in milling, wheel cutting, and similar machines. 

Cutter Block (Eng., etc.) The holder which 
carries the tool. Tlie teim is especially applied to 
woodworking machinery. 

Cutters (6eol.) A temr for a set of Joints (g.v.) 
cutting through a rock at right angles to the set 
termed Backs (y.p.) 

Cutting (('tvil Eng.) An open trench by which a 
railway, eta, is carried through ground of modemte 
elevation. ' Tlie material of the cutting i.s used to 
form embankments on one or both sides of the hill, 
giving gradual approaches to the cutting, and utilis¬ 
ing the material removed without the necessity of 
transport to a distant point. 

- (Chem, Eng.) The separation of soap (in the 

soap-copper) from the glycerol and aqueous fluids in 
the half-made or “close” soap, by the addition of 
Bait or brine, in wliich the grain soap is insoluble. 
Also terpied Graining. 




■fnmabe ubd^4on,'^bA;P!b«fr^ 
tvRsteful imnBuipptii^'of 

Cuttbig (JSng,,' 'g * 

tool. Tnq angtie varies with 'wi«’ imtJBie 


material,''-being usually mo§t acute 
materialB. ' ' - . ' ' 


Cutting Face (Eng.t ete.) The '^at suilhce of ,|Li- 
cutting tool, which serves to turn over oi* hrbakllb^., 
shaving a.s it is removed; , . 

Cutting flange (Cany.', etc.), A gauge for duit^^g 
thin wood. It ro.semblcs a mhrkinj^gauge,,but,Aa^ 
a sharp-edge<l cutter instead ‘ of a scribing » ;; 

that it makes a cut instead of a ^ratqh 'on', thf 
surface, and can therefore bo used'fof chvMing j(h£g, ' 
material. ■ ■«•,,, 

Cutting Dp (Foundry), When fresh 8«md is to hjl 
added for mending a broken part hi .a^idbid^ .ib®. 
surface of the broken part is firsfr roughened^' in , 
order that the new sand may adhert properly. This' 
roughening is termed CUTTING UP. . “ . 


CuttleilBh. Seyia officinalis (class, CepEalopada),' 
A naked mollusc, po 8 so.s 8 ing an internal shell \ 
CuTTLK Bone. The sepia is used as food in maiiy ' 
countries, while the “ bone ” forms » polishing 
material, and the ink bag is the source of the pi^ 
meiit Kbpia (q.v.) 


Cuvette (Class Manufw.) The vessel in which 
molten plate glass is carried to the casting table. • • 

- (Met.) A Parting Flask (q.v.) 


Cyamc Acid (Chem.), IICNO. A liquid only 
stable below (P; above this it polymerises to a white 
solid called cyamelide. It is prepared by hea|lag, 
cyanuric achl, From cyanic acid the - 

sails called cyanates are derived. Only one form ■ 
of cyanic acid is known; but there are two formulae 
]>nssible for it, namely (1) N • (J . OH ; (2) HN : CO. 
Salts derived from form (1) are called Cyanates; 
salts from form (2) are called IsotnrANATBS. See 
TAUTOMEEI.SM. 


Cyanides (Chem.) Salts of hydrocyanic acid 
(q.r.) See PoTASslUM (’VANTDE, under PoTASsrUM 
Compounds, and Mercuric ('vanide, under Meb- 
CT^RY I'oMPOUNDS. Tlic organic cyanides are called 
MrTRII.ES (i/.r.) 

Cyaniding (Met.) A method of extracting gold 
from “ sUmes ” (q.v.) and poor ores by treating them 
with a solution of alkalinfe cyanide which dissolves 
the gold. 


Cyanite (Min.) See Andalusite. > , ,» 

C : N 

Cyanogen (('hem.), | . A coioufless gas with 

C I N 

characteristic smell: extremely poisonous: some¬ 
what soluble in water (1 in 4), hut the solution 
decomposes, giving ammonium oxalate, a brown 
solid called azulmic acid, and other products. It 
burns with a purple flame to nitrogen and carbon 
dioxide. With caustic potash it give.s a mixtura of 
potassium cyanide and cyanate. It is obtainetl by 
heating mercuric cyanide or a mixture of potassium 
cyanide and copper sulphate solutions. 


Cyanotype (JPhoto.) See Beue Print. 

Cyanurio Acid (Chem.), C,H,NgO,.' A white 
crystalline solid readily soluble in hot water and 
in alcohol. When heated it give».!isyaniO acid (jf.ifc) 
It Is obtained on heating urea. 
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OyathuB {Archaol."} A drinking enp or small 
ladle need by tbe Greeks and Romans for drinking 
wine or for drawing it from tbe crater (^.o.) It 
was also a measure -i about one-twelfth of a pint. 

Cycle. <1) A complete set of physical or chemical 
operations, such as tbe processes undergone by the 
working substance in the cylinder of an engine. 
(2) A general term for a light vehicle propelled by 
the rider. The legal expression, still frequently 
used in patent spedfioation, is “Velocipede.” See 
Cycles. 

Gyclea. A modern cycle consists of four chief 
setsof paYti: (l)the frame, (2) the wheels, (3) the 
tyres, (4) the equipment, which includes the saddle, 
brakes, chain, ball bearings, etc. The frame is 
generally formed of thin seamless steel tubing, which 
‘solid drawn” (^.e.) There is also a form of 
tube known as “ helical,” 
which is formed from a 
thin steel band or ribbon, 
wrapped into the form of 
‘ a tube and brazed at the 
edges. It i.s immensely 
strong, and is quite dis¬ 
tinct &om the inferior 
form of tube known as 
“ lap welded," which is 
used in'some low-grade 
machines. The joints at 
the points where the 
tubes meet or are joined 
together to form the frame are made by means of 
“lugs,” whicli are “drop forged" in the best ma¬ 
chines, i.e. are forged as solid pieces from suitable 
steel under a mechanically 
worked hammer. The lugs 
are drilled out to fit the 
tubes, which are then brazed 
in, or in the case of “ flush 
joints ” the lug goes inside the Cl 
tube, which is brought up 
close to the head of the lug, 
thus making a very neat joint. 

Tbe wheels consist of a steel 
rim, which may be cither 
hollow or solid. The rims 
are generally mechanically 
• rolled and shaped from flat 
steel strips; the overlapping ends are brazed to¬ 
gether and ground untij the joint is smcjoth and 
imperceptible w'hen enamelled. In the best form 
the rim is stamped from 
one piece of steel, with¬ 
out any joint whatever. 

It is then “spun” into 
shape'and provided with 
a liner to strengthen it 
and take the tvTe. The 
spoke heads are provided 
with washers to prevent 
them puUiug through the 
thjn rmi. Tbe wheel rim 
is attached to the hub 
by means of steel wire 
spokes (about '05 in. in 
diameter), which are in tension instead of being 
adapted merely to take compression, as is the case in 
the wheel of an ordinary vehicla It was the dis- 
oovety of the “suspension” method of building a 
wheel in 1868-9 which enabled a cycle lo be no^e 
of the light materials now used; for if tbe spokes 






had to be in compression, they would have to be 
sufliciontly stiff to withstand bending, and there¬ 
fore enormously heavier than at present. The hub 
of a bicycle wheel is shown in figs. 1 and 2. In both 
cases A represents the axle, which dots not rotate, 
but is fixed by a looking nut E to the fork E. The 
rotating portion, or hub proper, is shown in section 
at H, the spokes being attached to t^e flange at S, 
The hub is bored 
out to a larger 
size than the 
axle, so that the 
barrel of the 
hub docs not 
come into con¬ 
tact with the 
fi.xccl axle at all, 
but act.s as an 
oil retainer. The 
actual bearing 
surface is pro¬ 
duced by con¬ 
tact with steel 
balls BB. In 
fig. 1 thorn is 
a conical collar 
on the axle, and 
t'.io hollow cone 0 is screwed into the hub until 
tlicrc is easy contact between the cone on the axle, 
the b^l B, and the hollow cone c, the space between 
these forming the ball race. In the second case, 
fig. 2, the cone c is sen^wed on to the axle, and can 
be moved backward and forward to make an adjust¬ 
ment of the bearing until the ball B is in touch with 
this and the hollow cone in the hub. In the case 
of the back wheel the ebain wheel or pinion is 
attached tt) the hub itself by a screw thread; the 
axdc is held in a slot in 
the rear fork ends, and 
by means of an endless 
screw can be drawn back 
in order to tighten tlie 
chain. lu the front 

wlicf.;] the hub turns Fit., 

freel}', without any con- 

trol, on the fixed axle. The lowest part of tbe 
frame is termed the ROTTOM Bbacket, and is 
shown in fig. 3. The crank axle which runs 
through the bottom bracket can turn freely in the 
ball bearing shown. On to this axle the cranks and 
the cliain wheel are rigidly keyed. Sometimes the 
crank arm and axle are in one—the other crank 
being secured by a chain attachment. This chain or 
.Sprocket Wheel is connected by the steel chain, 
which forms the driving band described below, to 
the small chain wheel 
which is fixed to the 
Itiib of the back wheel. 

In the older type of 
machine, known as the 
Fixed Wheel machine, 
the chain wheel and bub 
mnst turn together at 
all times; bnt in modern machines the wheel is said 
to be “ free,” that is the sprocket wheel, roar pinion, 
chain, cranks, and pedals may remain stationary, 
while the rear wheel runs freely. A form of free¬ 
wheel clutch is shown dia^animatically in fig. 4. A is 
a wlieel or rim which is rigidly fixed to tbe hub, and 
mnst always turn with it; it carries pawls or rat^ets 
D ; B is a steel rim provided with teeth 00, and eb are 
the ball beailngs. The ratoheta or pawlfa D ate either 
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<»uBed to drop between the teeth oo of the ratchet 
-wheel hy flpnn^ or, in the more popular macbinee, 
mo actuated by gravity. It is easily seen that if 
, the outer portion B remain at rest, the inner portion 
A can revolve in the direction of the hands of a 
e .dock; but if B revolve, it is bound to carry A with it. 
When the cycle is pedalled, B will be driven by the 
.chain in, such a. manner that a revolves with it; 
on ceasing to pedal, the rim b remains still, and the 
machine runs on, causing A to revolve in the same 
direction as before, the pawls D dropping automati¬ 
cally and passing each tooth in turn. Thus the back 
wheel of the cycle can continue to revolve, and the 
machine runs on, while the pedals, cranks, chain, and 
the outer part b of the wheel all remain at rest. In 
what is termed the “ clutch ” form of freewheel the 
connection between A and b is made by some form 
of friction clutch ; but this is now being abandoned 
in many forms of machine in favour of some type of 
ratchet wheel, which is more certain in its action. 
Cltaitus! There are two main types of chain, shown 
in figs. 6 and 6. In fig. B a series of solid blocks aa 
are connected*to side links B by means of pins cc, 
forming what is termed a Ulock Chain. In the 
second type the siile link B is connected by pins CC, 
wWch pass througli rotating rollers i>, forming what is 
termed the Eollee Chain. In this fonn the friction 
of the chain is diminished to a considerable extent. 
.Friction is further diminished by protecting the 
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ehain from dust and grit,' The best method of doing 
this is to enclose both chain wheels and the whole 
of the chain in a thin metal Geae Case, which 
contains a small bath of oil, through which a portion 
of the chain is continually running, thus keeping tlic 
whole well lubricated and free from grit. The 
Ktebrino ITllak is the upright rod by whi’ch the 
front forks are connected willi the handle bar; over 
this is the outer sleeve to which the upper and lower 
frame tubes arc joined; at the top and bottom of 
this sleeve are placed ball bearings in liie head of 
the machine, and form a practically frictionless joint 
between the frame and front portion of the cycle. 
The pedals also run on ball iKsarings. By this means 
intern^ friction is reduced to a minimum. What 
may be termed the external friction—that due to the 
road---depend8 largely on the nature of the tyres, 
which are dealt with elsewhere. Tyeks. - Now 
that freewheels are practically nnivcr-sal, it has 
becsome necessary to give much more attention to the 
subject of brakes. The old spoon brakes, which 
press directly on the tyre, were fairly satisfactory 
for solid tyred machines, or even for pneumatic tyres 
(except in case of a puncture), when the machine 
could also be chocked by back pedalling; but in a 
freewheel machine,' where back pedalling is im- 
IKJssible, greater brake power is required, and this is 


usually obtained by using brakes which OiCt ob the 
rims of both back and front wheels. The front wheel 
brake usually carries two blocks on a horsesliqe- 
shaped clip, which is drawn upward by the hPAke 
levers, and presses on the lower (outer) suifaoeof the 
rim at the top of the wheel. The bach wheel brakes 
are generally made to act on the rim alsb, and axe 
worked either by a series of levers or else by a flexible 
cable consisting of fine twisted steel wires running 
through a tube, as in the Bowden brake. By 
plan, now largely employed in mechanics, power can 
be taken round corners by a (seemingly) slack wire 
without loss. In other cases the back wheel carries 
a drum about 6 or 6 in. in diameter, on wMeh a 
band brake acts. This may be worked either from 
the handle bar or by mechanism connected by the 
crank shaft, so as to be brought into play when 
slight back pedalling is exerted. Other varieties of 
back pedalling brakes are also fitted; but as a 
general rule a good rim brake on the book wheel, in 
conjunction with the front, is more simple and also 
mere reliable than these devices. Tracies: The, 
modern tricycle is almost invariably built with a 
front wheel fork and frame arranged as in the 
i)icycle : the back fork is widened out to carry the 
long axle on wliich tlie two back wheels turn. 
The only important mechanical difference between 
I the bicycie-and tricycle, then, consists in the addition 
of what is termed “Differential Gear” (j.r.) placed ih 
the centre of the axle. This enables one wheel to tnrs 
to a certain extent inaependently of the other when • 
the machine is describing a curvetl iratli, e.g. turning 
a corner; but when the machine is going straight 
forward, the differential gear transmits the motion of 
the chain to both wheels equally. See alto MOTOB 
Cycles, Speed Geabs, and Tyres. 

Cyclometer. A small instrument for recording the 
distance run by a cycle or car by registering the 
number of revtdntions of the wheels. The instru¬ 
ment contains a tniin of gear wheels, and a dial (or 
other indicator) usually graduated to read directly 
in miles. 

Cyclone (^Meteorol,') A system of winds in which 
the currents are circulating in a direction opposite to 
the bands of a watch; it is also an area of Isometric 
depression, which becomes greater as the centre of 
the area is approached. In an Anti-Cyclone the 
motion and conditions of pro.ssurc .nrc the opposite 
of those in a cyclone; the atmosplicric pressure is 
greatest in the centre, and tlie air currents are in 
I the direction of the hands of a watch. The whole 
I system usually has a motion of translation. 

Cylinder. (1) A geometrical solid produced by 
the revolution of a rectangle about one edge. (2) In 
engineering, a solid of this form, and also a vessel 
containing a cavity of the form of a cylinder, 
especially the cylinder of an engine. See Steam 
Engine, etc. 

- (iace Manvfac.') That part of the Jac¬ 
quard which presenls eacii card in succession to 
&e needles. It may be either square ori hexagonal 
in shape, and of cither wood or brass, each face or 
side having sufficient area to embrace the number of 
needles used, every neetllc being represented by a 
corresponding bole in each face of the cylinder. 
The holes in the card must be in perfect register 
with the boles in the cylinder, and the needles with 
both. 

-( Watehei). The hollow cylinder on which is 

mounted the balance of the “ horizontal ” watch; it 
acts both as balance staff and pallets 
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Cylinder Bit. A long bit or drill with a catting 
edge parallel to its axis, nseti for boring very accurate 
holes; a shallow cavity is first formed for entering 
the bit. 

Cylinder Bore {Eng,) The internal diameter of 
the cylinder of an engine, etc. 

Cylinder Cover {Eng.) Circular discs of cast 
iron, which may be flat, ribbed, or “ dished ” {g.r.\ 
forming the ends or covers of the cylinder of an 
engine. 

Cylinder Flanges {Eng.) Kings cast on a cylinder 
to which the covers arc bolted. 

Cylinder Lubricating Oil {Eng.) This must be 
a good lubricating oil, which will not corrode the 
cylinder nor gum, or form a deposit due to decom¬ 
position by the steam or other heated gas in the 
cylinder. Some mixture of mineral oils is usually 
superior to any animal oil. 

Cylinder Lubricator {Eng.) A device for ad¬ 
mitting oil to the cylinder for lubricating the piston. 
In gas engines a mechanical dciice is necessarj- for 
keeping up a constant supply of oil. In high-sj-)ccd 
engines, wiiieh are often made single acting {q.r.), 
the crank is enclosed in a cliamber containing oil. 
This communicates directly with the cylinder, so that 
when the crank revolves, it distributes the lubricant 
over the crank bearings, connecting rod, and the 
bore of the cylinder. 

Cylinder Metal {Eng.) Iron which when polished 
has a low coeflicient of friction, ?.c. ISriii’PEBY Ikon 
(^.w.): used for cylinders and any surface of cast 
iron where much friction occurs. 

Cylinder Passages (Eng.) The openings or ports 
by which steam enters or leaves the cylinder of an 
engine. 

Cylinder Press {Tgpog.) A printing machine in 
which llie impression or printing is executed by 
means of a cylinder instead of by a flat surface or 
platen. Double CgUnderii pi-int both sides of the 
paper at one operation. See I’kini'ING, 

Cylindrical Gauge {Eng.) Thm ermsists of a 
cylindrical block whic.h fits exactly into :i turned 
collar or ring; used as a standard for tl»e accurate 
reproduction and measurement of turned objects, 
and as a standard of measurement in certain other 
cases. 


Cylindrical Lens {TAght). A lens whose boundaries 
arc j)ortiotj.s of cylindrical surfaces with jxirallcl 
axes; one surface may be of infinite radius, i.e. a 
plane. They are used in spectacle work to correct 
certain defects of vision arising from an abnormal 
fonn of the eye itself; also in spectroscopic work to 
convey a parallel Ijcam of light to a line-focus. 


Cylix, Kyiix. A ratlicr 
broad and shallow cup 
with two handles and a 
stem, nsed by the ancient 
Greeks; a Taxza. 

Cyma {Architeet.) A 
compound moulding 
formed by the conjunction 
of n cavetto and an ovolo. 

It is also known as the 
Oqkk. There are two 
varieties: the Cyma 
Bbcta, in which the ovolo Cylix. 

is below the cavetto; and the Uyma Revebsa, in 
which the cavetto is ^low the ovolo. 




Cyma BeevA, 



Ctma Bkvxksa, 


Cymatium. A small moulding usually crowning 
another feature. Each of the following features is 
usuail}" known as a cymatium : The upper mould¬ 
ings, generally a fillet and a cyma reversa, of the 
aliacns of a Koman Doric capital; the crowning 
mouldings of the architrave of the Ionic and 
Corinthian Orders; the moulding capping the borixon- 
tal cornice under the tympanum of a pediment. 
See Column ; AKCHiTECTirBE, Ordebs of ; Ionic ; 
CoEiNTitiAN; and Pediment. 


Cymbal. See Musical Instbuments, Peecus- 
sioN ^Indefinite Soitnd). 

(» /Cn, 

Cymene {Chem.), (1:4), methyl 

(4)\ci1(CH,), 

isopropyl benzene. Liquid; boils at J75° : pleasant 
smell. Jt occurs in many e.s.sential oi].s, and especially 
in tho.se of eucalyptus and caraway. It is obtained by 
heating camphor with pho.sphonis pentoxide orpenta- 
sulphido, also by heating turpentine with iodine. 

Cypress. Sec \\’oou.s. 


D {Minnie). Tlie second note in the scale of C. 

Dabber {Engrav., etc.) A tool with a padded end, 
u.sed to ap])ly ink or other substance evenly to a 
surface— e.g. engraved plates, etc. 

Da Capo (.IT/w/c). From the beginning (of a 
movement j. Abbreviated D.C. 

Dacites (^rC(i7.) Eruptive rocks of heraicrystalline 
strnclure, wiiieh consist esseiitiallj' of soila lime 
felsjiars with ferromagnc.sian silir-ates, soine free 
quartz, and a vitreous or lithoidal ground ma.ss. 
They usmilly occur as intrusive rock'-.. They are the 
trapyican represontative.s of the ulutonic plagioelase 
granites or diorite granite,-., on the one hand, and of 
the (piai'tz-andesites on th^ether. 

Dado (A'/'c/itY.'c/). (J) The die of a pedestal. (2) 
The wall .space between the yilinth and impost. (3) 
The lower I'Kirt of the wall of an apartment when 
treated .similarly to a continuous pedestal, Die, 
Pedestal, Podium, and Akciiitkoture, Obdebsof. 

- {Dee., Jmn.,ete..) (1) Fmming round a room, 

hall, or staircase, made to represent a continuous 
pedestal. Strictly, the space between the plinth and 
the cajijnng, a fiat surface exiAmding usually to a 
height of between 3 and 4 ft. above the floor. (2) 
The painting, distempering, papering, etc., of the 
lower part of an interior wall when of a colour or 
material different from that of the upper part. 

Dsedals {Arehmol.) Originally applied to archaic 
woollen effigies which represented deities, and were 
sujiijpscd to be carved by Dmdalus, the constructor 
of the famous labyrinth at Crete. 

Dag {Arm*). A be.avy pistol used in the sixteenth 
and .sevcnteentli centuries. 

Dagger (Armg). A short, pointed sword used at 
short quarters for killing or wounding an adversary 
by a thrast or .stab. The early varieties, known as 
iMisfiEiooBDES, were worn by both military and 
civilians, and bad no crossguard. 
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Daffies (Cbiit.) The cuttings or slashings round 
the eo^s of a garment. Sumptuary laws were 
passed to limit the same as early as 1188. 

Dagaerreotype. A photogmph produced by the 
process introduced by Daguerre in 1839. A silver 
plate was used, which was rendered susceptible to 
the action of light by iodine; meremy vapour 
dcveloiKMl the picture. 

DaXs. (1) Formerly the elevated end of a hall where¬ 
on those of higher rank stood or sat; also the raised 
t:«ble in a hall at which distinguished persons sat. 
(2) The platform of a lecture hall. (3) The raised 
floor on which a pulpit stands. 

Dalmatic (1) An eccle.siastical vestment. 

This garment was worn under the chasuble, but over 
the stole, tunic, and alb. The sleeves arc wider and 
longer than those of the tunic. Generally made of 
while silk with purple stripes, but sometimes of 
other materials and colours. (2) A vestment worn 
by sovereigns at their coronation. 

Dal Segno (Mmie). From the sign : marked 
:0: Abbreviated D.S. Dal Segno is used when 
the repeat is not from the beginning. 

Dalton’s Atomic Theory ( Chr - m .') See .Atomic 
’J’hkouy. 

Dalton’s Law {Phjfx.') If one or more liqnhls 
are introduced into a space of given volume, the 
amount of vapour given off by each dep(ir^s only 
on the tcin{X“ratuie, and is independent of any other 
gas or vai>oiir present; and tlicrefore the .total 
pressure of Uie gases aud vapdurs contained in the 
space is the .sum of the separate pres.sures which each 
would exert if it were the only one present. Tlio law 
does not bold got«l when the respective liquids and 
gases act chemically on one another. 

Dam (.Civil Petf.') (1) A barrier across a stream, 
etc., to keep back the water <)r to raise its level. 
(2) A walertight enclo.sure entirely smrounded by 
water; the water can be pumped out of the inside, 
and enginecriijg or other operations c:irried on in the 
bed of the stre.um. U.saally called a Coffee D.4M. 

- (.Mining). K paj'titiori lused to keep out 

water or foul air from a working. 

Damask (^Archepol.) Originally the name for 
articles produced in Damasous, as Damask JJlade 
of a sword: subsequently u.scd of a rich cloth or fabric 
of wool, silk, c‘te.. elaborately figured or embroidered. 
Sec Damaskkne. 

- (.Cotton Weaving). A style of figure<l 

weaving in whie.h the design is reversible aud 
usually consfrueted on the warp and weft satin 
weave, so that all along floats arc avoided aud a well 
bound cloth is produced. Sometimes the name is 
insed to distinguish a warp-figured cloth from a 
brocade, 

- (.Linen Manu/ac.) In the linen trade, as 

in others, damask is a figured fabric, mostly used 
for tabie linens. Jt is usually called single or double 
damask, though there is not much difference, except 
that the former is the thinner and usually the emr-sor 
material, the double damask ludng a richer and 
better article, and showing out tlic pattern bctler. 
But for a cheap damask the good single one will wear 
better. 

- (Silk Manvfao.) A figured silk fabric 

made from the combined action of mounture and 
satin harness, consisting usually of five or eight 
shafts. The mounture raises figure, whilst harness, 


if five shafts, raises one-fifth of warp threads and 
depres.<ieB another one-fifth for each pick. The 
result is satin ground with dull plain figure, the 
back of the work being exactly the reverse of the 
face. See HABUffisa, Mountubb, Silk Mantj- 
FACTXJBH. 

Damaskene, Damaskeen, or HaxauKeeam^AreheBol.) 

As d^umsk came to be applie(\ to rich textile fabrics, 
damaskene was used for the embellishment or enrich¬ 
ment of metallic surfaces. See Damask (Arc^ol,) 

Dam Board (Textilee). &-e Diapeb. 

Dammar (liotan,y). A conifer, AgathU Dam- 
•tiiaea (order, Coniferai), closely allied to the .Kauri 
gum tree, yielding the transparent resin Dammar, 
used in varnish making. 

Damp (Mining). Foul air, i.e. air containing 
carbon dioxide, etc. See also Choke Damp and 
Afteb Damp. 

Damper (Bvild., Eng., etc.) An iron shutter fitted 
in a flue to regulate the draught. 

Damper Weight (Eng.) A counterpoise weight 
I attached to a flue damixir by a chain passing over a 
pulley to balance its weight and remlcr it easy to 
rai.se or lower. 

Damping (Moulding). Moi.stenii)g foundry sand 
to cause it to be more cohere.nt. 

- (Pkys.) The checking of motion, particu¬ 
larly of vibratory motion, by the friction of the 
medium in which the moving body i.s placed, or by 
other retarding forces. For examifle, the amplitude 
of the vibrations of a sounding bgdy gets less and 
less, and the sound dies away if the body is left to 
itself; and similarly a pendulum slowly comes to 
rest when set vibrating in the air. 

Damping Down (Eng.) Putting small aud damp 
eoal on a tire to cause it to bum very Slowly, and 
licnce to ke,ej> alight a long time. 

Damping Bolls (Paper Manufac.) Metal cylinders 
of small diameter used for damping pai)er. 

Dam Plate (Met.) An iron support of the Dam 
Ktonk (q.r.) in a blast furnace. 

Damp Proof Course (Eiiiid.) A frequent cause 
of dampness in houses is the rising of moisture in 
brickwork due to capillary attraction. In order 
to luevcnt this, layers of waterproof materials, 
termed Damp Pboop CouKar.s, arc constructed. 
These are placed just above the ground level and 
across the thickness of the wall; they may be 
ctJiistructod of stonewiirc slabs with holes for ven¬ 
tilation, sheet Iciid, or layers of asphalt, tarred jute, 
or .slates floated in cement. 

Dam Stone (Met.) A stone which i)revents the 
molten iron from flowing out at the base of a blast 
furnace. 

Dan (Mining). A small sledge used for dragging 
weights. 

Dancette (Her.) Lines dividing a shield similar 
to imlented lines, but larger and deeper. The indenta¬ 
tions never exceed three in number. 

Dancing Steps ((hr^.) Sec Balakceu Ktbpb. 

Dsuidy Roll (Paper Manufac.'' A skeleton roll 
covered with wire cloth and ca.rying patterns or 
names for the production of “watermarks.” 

DsmgeFOUB Infectious Diseases (Hygiene). In¬ 
cluded in this expression, as defined by the Public 
Health Statutes, are the following diseases, namely: 
smallpox, cholera, diphtheria, membranous croup. 
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erjaipelas, scarlatina or scarlet fever, the fevers 
lojiown by any of the following names; tyi>has, 
typhoid, enteric, lelaping, oontinned, or pnerporal. 
In addition, the sanitary authority of any district 
and the County Council in London are empowered 
to extend notification to diseases other than those 
set out. It is very important that the occupiers of 
houses should understand clearly the duties cast on 
them in ro^rd to the notification of these diseases. 
Where an Inmate of any house within the district of 
a sanitary authority is suffering from an “ infectious 
disea.se ” (as above), the head of the family to which 
such inmate l>elongs, and in his default the nearest 
relatives of the patient present in the house or btnng 
in attendance on the patieni, and in default of sno'i 
relatives every person in charge of or in attendance 
on the patient, and in default of any such person 
the ma.ster of the house shall, as soon as he becomes 
aware that the patient is suffering from an infectious 
disease as above, send notice thereof to the medical 
officer of health of the district. It must be noticed 
that the medical practitioner attending on or called 
in to visit the patient is also made responsible in 
regard to notifying the medical officer of health. 
Failure to comply with the Acts in this re.si>e.ct 
renders the person wlio is required to send .a notice 
or certificate to the sanitary authority liable to a fine. 

Danlell’s Cell {Elect.) Sec C’KiiLs, Pbi mamy. 

Daniell's Hygrometer (Phi/s., etc.) See Hygbo- 
HKTBBS. 

Dark Lines in the Spectrum {Phye.) See 
SPECTBUAI AXAIiYSIS. 

Darkroom {Plwto.) A room lit only by light 
which will not affect a photographic plate, i.e, orange 
or red light of fijw intensity. A darkroom should be 
well ventilated and fitted with a tabic, sink, shclve.s, 
and other cenvenicnccs for de.velopmcnt. 

Darkroom Lamp (PMo.) A lamp surrounded 
by an orange or ruby shade, or an electric lamp 
immersed in a solution of quinine, thus giving non- 
actinic light. 

Darley Dale Stone. Stic ninLin.v(t Stones. 

D’Arsonnal Galvanometer (Eleot.) See Gat.- 
VANOMETEB. 

Dart(.<li'»M), A sluarp-pointed weapon thrown by 
the hand: sometimes used as an arrow. 

Dartmoor Granite. See P>u'ii.»inu Stones. 

Dash (Mueie). S“e Staccato. 

Dash Piston (Eng.) The piston of a Dash Pot 
(q.v.) 

Dash Plate (Eng.) A baffle pktte (ij.r.), winch 
prevents the water in a sbip’.s boiler from ffijwing 
suddenly away from the plates of the firebox when 
the ship rolls. 

Dash Pot (Eng.) A device for pi’eventing sudden 
motion of some part of a piece o{ mechanism by 
utilising 'the viscosity or inertia of a fluid. A 
simple form consists of a small vessel of liquid in 
which a piston moves loosely. A very small force, 
Btea<l;ily applied, is sufficient to cause motion of the 
piston; but considerable resistance is offered to any 
sudden movement. Another form consists of a 
cylinder with an air-tight piston. As the latter 
moves, air can enter or leave the cylinder through a 
Tef7 small opening. A sadden movement is thus 
Prevented by the change of pressure which is pro¬ 
duced inside the cylinder. It is often applied to I 


form an air cushion to reduce the shock or throw in 
a reoiproesating motion; e g. the bed. of a printing 
press at the end of its travel. 

Dhsh Wheel (Chen. Eng.) A washing or rinsing 
wheel used in washing textiles. 

Date (Botany). The fruits of the date palm, 
Phwuia) daetylifera (order, Palma), form the princi¬ 
pal food of t!io Arabs of Northern Africa. The leaf 
stalks are used for cordage, mats, and baskets. 

Datholite (Min.) A basic calcium and boron 
ortho.silicate, H.,0.3CaO . B.p,. 28iOj, Monosym- 
mctric: occurring in glassy crystals, usually in veins 
in basic volcanic rocks. It sometimes alters to 
chalcedony, giving the pseudomorpbous HaytomT®. 
From Norway, Scotland, and tlie United State.s. 

Datum Level Line (Surveying). A line or 
level from which heights are calculated and measured. 
See aha C'ONTOrR. 

Daturine (Cheta.) Another name for Hyosoya- 
mtne (q.r.) 

Daub (Paint.) To paint carelessly? without taste 
or fooling, thns producing an inharmonious whole 
very offensive to the arti.''tic eye. ^ 

Dancus (Botany). Dancvs earofa (order, UmieU 
liferec). The well-known vcgetal)lo, the carrot, is 
a garden ^arioty of the wild form, A medicinal 
volatile oil is extracted from the seeds in Imlia. 

Day\d/f«»Mi/). P,arts of the workings near the 
surface where light <3an reach. 

Daylight LoadinjJ (Photo.) A method of charging 
a hand camera with films by having the latter 
w'ound on a spool in contact with a strip of black 
paiter. The latter is longer than the roll of film, and 
forms several turns round the ouUide erf tlie spool. 
The end of the black pajwr is first, dutaclicd .and made 
fast to a r.'llcr in the Civrnera. 'J'he latter is then 
closed and the roller turneil, drawing the black pajier 
along until the film atUichcd it is in the. position- 
to receive the image. Tlie method has been worked 
out. with great simplicity and iugeimily by tlie 
Kodak Company. Flat films arc also made up into 
sets, like a jiack of cards, and can be placed in 
cameras fitted with a suitable slide without the n.sc 
of a darkroom. 

Day Roll (Photo.^ A mime applied to the spool 
Used in daylight leading of cameras. The sensitive 
emulsion is on a flexible film of length suffioient for 
a number of cxixisnrcs (commonly twelve). The film 
is laid tace upward on a strip of opaque black paper, 
longer than itself, and the two are wound together 
on a spool. The free end of the film is made fast to 
the [Mijicr, and the latter forms several turns round 
the outside of the spool to exclude light. See Day¬ 
light J.OADIN«. 

Day, Sidereal (Aetron.) The period of a complete 
revolution of the stars, relative to the meridian. Its 
lengtli is about four minutes Usss than the ordinary 
day. It is absolutely constant in duration. 

“ Day ” Theory (Musie). That afivanced by Alfred 
Day, M.D. Important points : All ohoiris derived 
from three roots, vis. Tonic, Dominant, and Super- 
tonic. I'he building u]) of chords by finis to 9ths, 
llths, and lllths. The division of Diatonic and 
Chromatic styles. The “Added 6th** is the 3rd 
inversion of the Dominant 11th. The “ Sharpened 
5th” is the Dominant 13th resolved upwards. The 
“Augmented 6th" derived from Dominant andL 
Supertonic roots. 
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Day Work (Variotu Tradei),, WoA paid for by 
the day instead of by the piece. 

Doaoon’i Rrooeu A method of preparing 

oblmrine on the large scale for the preparation of 
bleaching powder (g'.r.') or any other purpose. Hy¬ 
drochloric acid gas and air are passed over a heated 
porous surface (broken bricks) impregnated with 
copper snlphate. Excess of hydrochloric acid is 
removed by water, and for making bleaching powder 
the gafi must be dried by passing through sulphuric 
acid. 

Dead (-Eaff., Build., etc.) A term applied to 
materials of many kinds when they have lost some 
of their important or characteristic properties. 

Dead Axle {Bng.) (1) An axle which does not 
rotate; (2) one which does not communicate motion 
to wheels, etc., but simply turns with them. 

Dead Beat {Clookg). The Graham ” clock escape¬ 
ment in which the escape wheel, as soon as the drop 
ha.s taken place, remains absolutely at lest (“ dead"), 
thus distingnjisbing it from the older form of 
“ reooil" escapement. 

Dead Blow (Buff.) A blow struck without any 
spting or rebound. 

Dead Burnt. A term applied to lime which ha.s 
become vitrified by fusion of calcium silicate in the 
limekiln. It prevents proper slaking. 

Dead Centre Lathe (Buff., etc.) A small lathe in 
which work is supported between two fixed or dead 
centres; motion is communicaled to the work by a 
pulley or some other device fixed to it. Much used 
by watch and clock makers. 

Dead Centres (A!ay.) (1) Supporting point.s oI a 
lathe, etc., wiiich do not rotate. The back centre of 
a eoinuion lathe often called a deml centre. See 
DkaD Custke Lathe. (2) Also applied to the 
JtEAU roiNTS (ff-v.) of an engine. 

Dead, Disposal of the. See Banitattue. 

Dead Eye (Bug.) A bearing in which the sliaft 
runs in a hole boreil through a singlu iiiece of metal, 
instead of in split BuAasss (f/.r.) 

Dead Ground (Miniag). T'arts of the vein or lode 
without ore, <‘omposed of Ganihje (q.v.) 

Dead Head (Bug.) (1) I'he Dead Centhe of a 
lathe (q.v.) (2) A mas-s of metal filling a cavity at 

the head or tox» of a runner or pouring hole in a 
mould. The dead liead is connected with the casting 
by the core of metal filling the hole or runner. 
The head and connecting metal are broken off when 
the casting is cold. 

Dead Load Safety Valve (Eng.) A Safety 
Valve (q.v.) kept down by a simple weiglit on the 
top, witliout any lever being used, as in the ordinary 
form of safety valve. 

Dead Melting (Foundry). Heating mctul till it 
becomes perfectly fluid, i.e. to a temperature con¬ 
siderably above its melting point. 

Dead Plate (Eng.) A plate inside a firebox, on 
which fresh fuel is first platsed, in order to become 
heated before reaching the fire projicr. 

Dead Point (Bng.) The position of a crank when 
it cannot be turned by the motion of the piston rod— 
i.e. when the oniuk and piston rod lie in the same 
straight Hue. A single cylinder engine cannot start 
from tlie dead point, and the crank must be slightly 




turned before steam is admitted. The dead points 
are sometimes also termed Dibad C/BBrcBlie. ^ < 

Deadi (Mining). Bobbish not oontaininj^ oxe, 

Dead Shore ((kirp.) Timber jplaoed in a inwtical 
position to support a load which acts downward 
only, i. 0 , without any outward thrust. 

Dead Smooth File (Bag.') The very finest file 
cat; it has eighty or ninety teeth per inch. 

Dead Tome (Elect. Bag.) The electromotive 
force produced la a dynamo is generally represented 
as proportional to the number of revolutlona pet 
second. See Dynamo. Bat as the speed is increa^ 
the E.M.F. does hot increase in the same proportion, 
owing to internal effects; so that the actual nnmber 
of revolutions is greater than the number theoreti¬ 
cally required to produce the E.M.F. obtained, and 
the extra revolutions are termed Dead TuBNa. 
For example, if a dynamo give 100 volts at 600 
revolutions, it should give 160 volts at TfiOrevolntions 
if the law of proportionality held good. It will 
probably bo found that more revolutions are neces¬ 
sary to give the 150 volts; if the number be 800- 
theie are 60 dead turns. 


Dead Wall (Build.) A Blank Wall, one not 

pierced by dooLs or windows. 

* 

Dead Vatex' (Eng.) Water which does not come 
into contact with tiie effective heating surface of a 
boiler. The best types of boiler reduce this water to 
a minimum amount. 

Dead Weight cr Load (Eng.) A load which is 
constant, in position and amount; the opposite of a 
Live Load (q.v.) 

Dead Weight Safety Valve (Eng:) See Dead 
Load Safety Valve, 

Deal. A general uame for certain coniferous 
woods. See Wooi>S, 

Deal Frame (Car)}., etc.) A maohine saw used 
for cutting Deai.s (q.v.) into thinner boards; it 
usually carries several parallel saws of the recipro¬ 
cating type 

Deals (Carp., etc.) Sawn woo<l (deal) of size 
9 in. X 8 in. or 12 in. x ,3 in. 


Dean (Mining). The extreme end of a working. 


Death Rate (Hygiene). By a death rate is under- 
.stood the ratio between the deaths and population. 
The formula for calculating this rate is: 

Number of deaths x 


I'opulation 

Thus, supposing a town has a population of 66,000, 
and the nnmber of deaths during the year was 1,126, 

then = 13-23 per 1,000. To obtain a 

85,CKX) 

death rate-for any one week, divide the estimated 
population by 62-17747, the result giving the weekly 

population. Thus = 1,629. Supposing there 


are twenty-one deaths during one week, then the 

1 ..I . 1 - 21x 1,000 

death rate per thousand is : — i — = 12-89. 

'■ 1,029 


Debrnised (Her.) An expression need when an 
ordinary is placed upon a charge. Bht when the 
ordinary is placed upon another ordinMy, the term 
“ over all ” or “ surmounted by ” takes ith place : 
"debrnised by" is not then used. 
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Decadence. A falling off from a better et^le. In 
art the term is used to denote the period after 
Baphael and Michael Angelo. 

Deeametra. See Weiobtb axd Mbasitbes. 

Decani (JfJMic). That side of the choir on which 
the dean (decanus) sits. The opposite side to 
cantoris. The right side looking cast. 

Deeapbniiiation {Me/t.) Bemoval of carbon from 
cast iron by the Puddling Pkooess {q.v.) or the 
BBSSBMBB PBOCBSB {q.V.) 

Deoaetyle (^Architeet.') a term apjilied to a 
temple wliich has ten columns in tlio front row. 8t‘it 
Distyle, Tbtbastyle, Hbxastyle, and Octa- 

STYLE. 

DecidnoUB (.Biology'). The term applied to those 
organs or parts which are shed periodically by a 
plant or animal; e.g. the loaves of the oak, ash, and 
the horns of most varieties of deer are deciduous. 

•Decimal. A fraction whose denominator is ten or 
a power of ten. It is written without the denomi¬ 
nator, the numerator being x^^eceded by a dot, the 
Decimal Point, written on the left-hand side of 
the figure: thus luS'iio =--155 tVVt. 

Decimal Gai^e (Etig., etc.) A gauge divided into 
de ‘imals of an inch, instead of the ordinary fractions, 
i J, i, etc. 

Decimal Point. See Decimal. 

Decimal Threads or Pitches. See Scbew 
Thebads. 

Decimetre. See Wbigiits and Measttkes. j 

Decimo Sexto (Print.) The size of a sheet of j 
X)aper after V)eing folded tr> form sixteen leaves. 
Usually called Sixteenmo and written IGmo. 

Deoiso (Music). Decided. 

Deck Crane. A crane fixed on the deck of a ship 
for loading jairposcs ; freqaently driven by a steam 
winch supplied from the main boilers. 

(Paper Manv/ae.) (1) A mov.able wtjoden ! 
frame which fits over a wire mould, used in the ! 
manufacture of i)af)er by hand. (2) The rough or | 
irregular edge of liandmiode pajKsr. The two uneven I 
edges of a Bank of England note are examxdes. 

Deckle Straps (Paper Manufac.) Endless rubber 
bands which run on the maelunc wire to keep the 
w'et pulp in its proper x>ositi>in, and regulate the 
width of the pax>er. 

Declination (Astron.) The angular distance of 
a star above the horizon, measured along a vcrticjal ' 
circle. Abbreviated to Deci.. The vertical great 
circle through the star and the celestial pole is 
termed the Declination Ciecle. 

Declination Circle (Astron.) See Declination. 

Deolinatioiiy Ma^lnetic. The horizontal angle 
between the axis <if a freely suspended magnetic 
needle and the true geographical meridian. This 
varies at different points on tVie earth’s surface, and 
is also slowly but constantly changing at any given 
point. 

Decomposition of Light. See Bpectbum, Coloub, 
etc. 

Decorated (Arohiteot.) The name given to one of 
the periotls of Gothic architecture. Architecture in 
England can be divided into the following styles, but 


it must be noted that the transition from one style 
to another was very gradual. 

a.d. 

Anglo-Saxon 449—1066. 

Nobman . 1066—1175 (Early, 1066—1126. 

Late, 1126—1176). 

Teansition . 1176—1189. 

Early English 1189—1307. 

Decorated . 1307—1377. 

Perpendiculae 1377—1047. 

The following are some of the oharacteristios of the 
Decorated stylo : (1) The extensive use of scroll 
fmd wave mouldings. Strong contrasts of light 
and shade common in Early Engliih mouldings are 
avoided. (2) The ball flower. (3) Geometrical, Beti- 
culated, Flowing, and Flamboyant window tracery. 
(4)_ Foliage less conventional than in the other 
Xieriods of Gothic architecture. (6) Detached shafts 
as used in Early English xiillars are abandoned. 
See ruBviLiNKAB and Flamboyant. 

Decorticating. (1) A x'roocss carried out by 
<!utting or i>ulverising machines which assist the 
scpan-ition of the husks and linters from the oily 
kernels of cotton seed, linwod, or castor be.ans prior 
to pres-sing. Special macliincs are made for atnohis 
I and cociifimits. (2) A similar result is obtained 
' rhcmic.i]ly by acting on cotton seed wiGi a mixture 
of nitrous anhydride and sulidmr dio.xiclc gases in 
the presence of enough air to reoxidise the reduced 
nitrogen compounds. A few seconds .sntiico to 
destroy tiie structure of the husks, wliicli crnmbJe 
to a fine powder witli the slightest friction. 

Decrescendo (Music), Decreasing in iondness. 
Abbrcviaiion, Decrks or >■. 

Deep Sea Deposits (Oeol.) Strata which have 
been formed at gvc.it depths below the surfa<‘e of tlic 
oe.e:in. Tliese are primarily divisil^le Into (1) TUBur- 
GKNOUS, which consist of n4at.crials mostly derived 
from the waste of ad jacent lands, and ^2) Thalahsic, 
which are diui more or less dirertly to organic or 
oiganico-cliemical causes. To the' former belong 
l)Iuc muds, coral mud, glauconite, and some others ; 
to the latter, foraminiferal ooze, diatom ooze, nulio- 
larian ooze, and the red clavs. whicli occur witli the 
last named deiiosit. These are partly of chemical 
origin. 

Deep Well Water (Hygiene). Deep wells suj)ply 
man> towns witli water. Poi mgs are made to a con- 
sideiuble depth, jienetiating the uiiper im])crnieali]e 
strata, until the watcr-lje.aring stratum is reached. 
Water olituined from tliis source is usually hard, but 
very palataiile and wholesome. ^e Artesian 
Wells. 

Deer (Zimlogy). A family ( (.’ervidai) of the great 
mammalian group of Ungulates. They are very 
widely distributed, being found in nearly every i>art 
of the world. The horns arc confined to the male, 
and are slied annually, except in. the case of the 
Bcindeer. ifecJloKN, ’ 

Deflection Build.) Bending; deviation from 
an original ijosition or direction, e.g. tlic sag^ng of a 
beam or girder at the centre when supported at both 
ends. See Beams. 

- {Met.) A test for steel rails, varied accord¬ 
ing to section and weight. Double beaded 70 lb. 
to yard rails, supported between centres 3 ft. 

6 in. apart, must not show (1) more than 3 In. 
deflection after two blows in the centre from a ton 
weight falling 18 ft.; (2) or | in. deflection under a 
dead weight of 28 tons. 



DEF 


163 


BEN 


Deflector (.^ng.) A general term for a plate or 
other object us^ to direct a stream of gas or a 
liquid in a particular direction ; frequently used in 
furnaces and fireboxes to direct the hot gases along 
a certain path. 

♦ Deformation (PA^x., etc.) A general term signify¬ 
ing an alteration in the shape of a body, whether 
permanent or not. 

Degelatinlaing. The process of extracting gelatine 
or glue from bones. This may be done either wholly 
or partially: if the former, the residue is used wholly 
for mannrial purposes {/tee Manure) ; if the latter, 
the re.sidae of the bones is calcined to form animal 
charcoal. 

Degras. A fat or grease obtained during the 
manufacture of leather, particularly chamois leather. 
It is also obtained as a byproduct in various other 
trades. Dogras is often made as a regular commercial 
article by oiling hides with cod oil, fermenting, full¬ 
ing, and treating with potash. Degras in England 
is* more commonly callcfl Hod Oil, which is, strictly, 
the oil from envied leather in general, Degras being 
ol>tained from chamois lcat,h<>r only. Artificial 
Degras is made by adding tallow to cod oil (and 
somtifilmes red oil and wool grease), and incor¬ 
porating with a neutral soap. 

Degreasing. The process of extracting fat or 
grease frf>m wool and bones by means of benzene or 
other solvent. 

Degree. A-c Weights and Measures. 

- (Ifnai). The unit in which difference of 

temperature is measured. See Cextigradb, 
Fahreneeit, etc. 

- (^Mueie). Each step (line or space) of the 

stave. 

Degrees of Freedom {I'hys.') A bod 3 - which is 
perfectly free has six po-siblo varieties of motion, 
ihiee motions of translaliou p;irallel to tliree axes 
whieh are mutnallj' at right angles, and three 
motions of rotation about axes parallel to the same 
three axes of refereneo. These six varieties of 
motion arc called the. *‘ Ilegrees of Freedom ” of the 
bed.v, and any one or more niaj' be destroyed by 
introducing a suitable constraint. Thus a cube 
lying on a jfiane surface has two motions of transla¬ 
tion and one of rotation, i.r. three degrees of 
freedom. A ring smoothly fitting a roun<1 rot! has 
two degrees of freedom, one <>f translation .along tlie 
ro<l and one of rotation round it; and a square ring 
or frame which fits exjictlj- on a Sfpiare rod has one 
degiee of freedom, a motion of transl.atiou only. 

- {Ckem.) See PHASE Kule. 

Dehiscent Fruits (Jintany'). Fruits w^hich open 
naturally to set free their seeds. They arc usually 
called CAPSULES. 

Del or Delt {Art). Short for the latin word 
deUneavU, ix, has drawn. On sin engraving, etc., it 
follows the name of th<» author or designer of the 
original drawing from whieh the reproduction has 
hioen made.. 

Dele C^/jfoff.) See Delete. 

Delete {Typog.") To expunge, blot out, erase, or 
omit. Indicated in proofs thus, S- See aUo Proof 
Corrections. 

Delft The term Delft is now rather indiscrimin¬ 
ately applied to all Faience with blue decoration upon 
a white ground ; true Delft-Faience was first, made at 
Delft, near Rotterdam, in Holland, about the begin¬ 


ning of the seventeenth century ; it 'consisted of a 
yellowish earthenware paste covered with an opaqup 
stanniferous glaze, the blue and other colonied 
decorations being superimposed. Large quantities of 
blue and white wares are still made at Delft. 

Delicato {Muxie'). With delicacy. 

Delimlng {Leather Manvfac.') Removal of the 
lime from the skin previoas to tanning. See 
Leather Manufacture. 

Deliquescence {Chem.) Certain solid substances 
have the power of absorbing moisture from the air 
and forming a .solution therewith. Sueli substances 
are said to be deliquescent. Examples are calcium 
chloride, caustic soda and potash, ferric chloride. 

Delivery {Eny.) The discharge of water, etc., by 
a pump. Rate op Delivery is the usual expression 
for the amount of fluid pumped iwr minute. 

-( Foundry). The manner in which a pattern 

leaves the mould , 

Delivery Pipe {Eng.) The pipe by which water 
flows from a pump. 

Delta ((Teol.) Fan-shaped areas composed of 
mud, sand, silt, gravel, etc., brought together by 
the action of rivers, and dropped at the parts 
where their velocity, and therefore their transport¬ 
ing power, is checked. Deltas usually occur at the 
junction of rivens and the waters of lakes or those 
of the sea; but they may also be formed at the foot 
of a slope upon the land. 

Demi Brassards {Armour), Strips of metal 
which protected only half of the arm. 

Demi Lion Rampant ( Hi r.) A lion rampant cut 
off or couped midway, the upper part only appeariug, 
including the forepaw.s and the tip of the tail. 

Demisemiquaver {Mude). See Notes. 

Demivol (Tfer.) One wing only displayed as a 
charge on a shield. It should bte descrilied as either 
ilexkr or sinister. 

Demy {Papers). A size of paper. Printing demy 
measures 22.j^ v 17^ in.; writing demy, 20 x Ifij^ in., 
anil drawing demy, 22 x 17 in, 

Den(fV«'Wi. Eng.) The reaction pit or chamber 
for the manufacture of superphosphates. Placed 
immediately under the mixers. 

Dendritic Harkings {Eeol.) Accumulations of 
mineral matter, nsualiy one of the hj'drated oxides 
of manganese, less frequently hydrated oxide of 
iron, which have assumed a mosslike or treelike 
form in the course of their growth from aqueous 
.solutions. Their resemblance to organic forms is 
purely accidental. 

Denim {Cotton Weaving). A very heavy-warp 
tw'Iled cloth composed of hard twisted warp and 
usually coarse cop weft. The warp is mostly com¬ 
posed of one colour. 

Density {Photo.) A term used to describe the 
strength and vigour of a negative. A dense negative 
has the dark por-tious very strongly defined, and a 
gradual gradation to the most transparent parts; 
such a negative gives a good print, fuP of detail. 

- {Phy»., ete.) Tho quantity of material or 

matter contained in unit volume. The specification 
of density, unlike specific gravity {g.v.), always 
requires the use of two units—one of volume, the 
other of mass. For example, density may be given 
in grams per cubic centimetre, grams litre, 
pounds per cubic foot, tons per cubic yard, etc. 
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Deiudty of Amm i^Phy$., Chem.y OonTenientl;- 
quoted in prrams per litre'; the expression generally 
used in chemical books is really the specific density 
in terms of hydrogen: thus if the density of a gas 
is said to be 16, it is sixteen times as heavy as the 
same volume of hydrogen at the same pressure and 
temi)eratnrc. 

Density of Petrol CMotor Cars). See Pbtboi.. 

D^slty of Water CPhye., etc.') See Watbk. 

Dent {Textile Manufac.) A split or space in the 
reed or sley {y.K.) 

Dentelle {Bi?t.diny). A style of finishing (with very 
fine tools) delicate gilt designs to resemble lacework. 

— {Zaee Mawifae.) The French term for lace. 
A lace that is finished off with a toothed edge. 

Denticulated Bed Mould (Aroh/teet.) A bed 
mould enriched with Dentils {y.v.) 

Dentils (Arekitect.) An ornament originally used 
in the bed*mouldings of the Ionic and Corinthian 
oomices. It consists of a scries of rectangular blocks, 
the height of each block being about twice its width, 
and the width of tho spaces between the blocks about 
one-third their height. See Intbedentils. 

Dentine {Zoology). The boncHke substance of a 
tooth. It is covered by a very hard secretion—the 
Enamel. 

Denudation {Geol.) A general term expressive 
of the results of various natural agencies in wasting 
or wearing away exposed surfac^es of rocks. Mub- 
AfiBlAL Dbnuuation is that which is effected by 
rain, rivers, frost, and chcmii-al action. Glacial 
Denudation is that arising from the erosive in¬ 
fluence of stones carried forwanl by ice moving in 
contact with the surfac.e of rocks. Mabine 
Denudation is that wrought by the action of the 
sea. The two chief agents -wbicU .supply thc-motive 
power arc solar encigy on the one hand, and gravi¬ 
tation on the other. 

-, Kate of {(jpol.) Various estimates have 

been made, chiefly hy Lyell, CroU, and Tylor, of 
the rate at which the materials composing the 
land are being stripped ofll and the level redut;ed 
to that of the sea. This is arrived at by estimating 
the quantity of material traiiKiiorted in suspension, 
in solution, and otherwise carrieil seaward per annum 
by some river, measuring the aiea drained by that 
riwi» and thus arriving at the total qiiautity removed 
£i%m the whole surface of its basin in tho period 
chosen. The rate varies within wide limits ; but an 
average is usually token at about one foot in three 
thousand years. 

Deodar. Sec Woods. 

Deodorant {Hygii-ne). A substance which, by the 
oxidation of the products of detaimposilion, <jc.struys 
or masks offensive odours. Among the common deo¬ 
dorants arc charcoal, chloride of lime, dr}' earth. 

Deoxidation (Met.) The Beductiox {q.v.) of 
ores daring smelting or by some preliminary process 
such as Boastino {q.v.) 

Dephlegmator {Chem. Eiig.) A still-head or 
yecti^ing ai./paratus used in distilling spirits and 
other products with low boiling points. See FBAf.- 
'TiONAL Distillation. 

Dephoephorisation {Met.) Bemoval of phos* 
phorus from iron by the Basic Pbocesb {q.v.) 


Depiddlng (leather JUdm^e.) Skins which arC' 
pickled with «alt or acid for transport mnst be 
depickled befen'e tanning. For this purpose whiting, 
salt, and other similar compounds are used. 

Deposit. The term applied to the metallic coating 
obtaiuod in olectroplating. 

Deposit {Bug.) Matter colId<fl:ed on boiler plates; 
also culled INCBUSTATION {q.v.) 

Deposition (Geol.) The correlative of denudation. 
Materials removed from areas ex[X)sed td the action 
of the various natural agents of waste are moved by 
running water, and are, sooner or later, left again in. 
the solid form. The chief agents concerned in both 
processes are solar energy and gravitation, operating 
by means of water. As in the ease of denudation, 
the rate of deposition varies within very wide limits. 
Deposition is the usual concomitant of depression of 
the surface, and is, of course, also dependent npon 
denudation. • , 

Deppesaion {Meteoral.) An area over which the 
barometric i>res8uro is low, gradnwly diminishing 
from the edge of the area towards the centre. 

Deppessioa of Land ( Geol.) Ciianges ofilv%l of 
the land, generally effected by undulati iry movements 
of tho Earth’s crust, appear to have affected each part 
of tlio surface at one time or anotlier. The wave¬ 
like movement slowly progresses from one part to 
another, and the upward jthasc, which gives rise to 
elevation of the land, is followed by the opfwsite 
1 or downward plmse of the terrestrial undulation, 
! whereby depression is produced. Deposition of 
sedimentary materials usually accompanies depression 
of the land. 

Depression of the Freezing Point (Heat). See 

Freezing Point. 

Depth {Paint.) The suggestion of subtle variety 
pnslucetl by .sensitive management of gradations of 
tone. It is the converse of supcrtieiality of tone 
quality, and is one of the sources of the piotojial 
mystery which gives to inspirtid works of art their 
special pmsuasivene.s.s. The word is also used in 
association, e.g. dejiili of tone, to define the par¬ 
ticular quality of a picture which is pitched in a low 
key. 

Depth of Focus {Photo.) Tho power of a lens to 
produce a .-.harj) image of objects wbicli are at vary¬ 
ing distances from the camera. It depends on the 
relation of the diameter of the tSTOl' {q.v.) to the 
focal length of the lens. 

Derby China. Porcelain was first made in Derby 
about 1750. The Derby Porcelain Works, however, 
were not established until 1756, under William 
Duesbury, It was continued by' him, his son, and 
his grandson until the year 1N15, when the business 
was sold to llobert JJloor, who carried it on until 
1S46, when it wa.s finally clo.sed. The most beautiful 
wares were produced at Derby at the end of the 
eighteentli century. Under Bloor they degenerated 
l)oth in refinement and taste. The best period of 
Derby chiqa was from about 1776 to during 
wiiich time painting and gilding were brought to a 
high state of perfection. For Mabks, tee %<nAer 
POTTEBY AND POBCELAIN. 

Derby Float. {Plaxteriflig). A long piece of 
board with a handle at each end. Used for “ fiojiting 
large surfaces. See alto Float. 
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Dttfby Bed (-Deo.) %A scarlet red pigment of good 
covering and staining power, sometimes nsed as a 
substitute for vermilion (q.v.) It is a basic chromate 
of lead, and is crystalline in structure. Called also 
Chikbse Bbd, Ghbome Bei>, and Ambbioak 
Yebmiliob. 

Derbyshipe Spar (dfia.) A popular synonym for 
Fluobspae iq.v.) 

Derivative Bocks (Ot'ol.) Are those which are 
composed of materials derived from some pre-existent 
rocks. It is usual to regard all massive eniptive 
rocks (as distinguished from those of pyroclastic 
origin) as being original. Conglomerates, sandstones, 
shales, and clays are good examples of derivative 
rocks. Limestones, coal seams, and several other 
tj 7 »e 8 of rock may bo regarded as eitiier original or 
derivative. 

Derived Fosclls (,Ocol.) It frequently happens 
that, when a fossiliferous ropk is undergoing waste 
at the surface, the fossils included in it are libe¬ 
rated, and are^subseqiiently rearranged along witli 
other materials in rocks of later date. Such fossils 
need to be distinguished from those which actually 
liv(^l|^ring the period when their matrix was laid 
down, and the above name is conveniently applied to 
them in consequem e. 

Derived Units All others than the funda¬ 

mental units of time, length, and mass, c.g. the units 
of space, accelenitiou, force, «Jtc. 

Dermal Denticles (J!i>aIoqy). ^ The small toothlike 
scales on the skin of the sharks and dogfishes. 
These give the shagreen character to the.se fish 
skins. 

Dermis (Zoology'). The sub-epidcmial layer of 
the, skin, i-ousisting of connective tissue containing 
capillaries and ni rvos. 

Derrick. The pyramidical frame which carries the 
boring apparatus used in drilling oil wells. Some¬ 
times called an oil “ rig,” which really comprises 
the complete drilling outfit.. The frames are mostly 
Ojicn (like a eolliery lieailgcar) in Americjxn oil fields, 
and boarded-in on European licld?.. 

- (SuiliJ.) A mast kcjit in position by guy 

ropes, and ha\ing u luilley fixed to it at the lop, 
witli a rope passing through to a windlass. Used 
for hoisting trus-scs, etc. 

- (Eng.) A form of crane (q.v.) with a lungeil 

jib, which can be set at various angles: also applied 
to a system of poles used to support hoisting gear. 

Derrick Barrel (Evg.) An auxiliary chain barrel 
in a crane on which the Dkukick Chain (q.v.) i.s 
coiled. 

Derrick Chain (E7ig.) The chain by which a 
hinged jib is raised or lowered. See Ckank. 

Deeeending Letters ( Typog.) Those letters having 
descending strokes, viz. g, j,p, g, and y. 

Descriptive JLstronomy. Tiie science dealing 
with the motion and distances of the heavenly 
bodies. 

Desoroizilles Decrees. The French soapmakers’ 
tUre or standard for soda ash. Tlie strength is ex¬ 
pressed in terms of pure sulpharic acid ( = 49) neutra¬ 
lised by 100 parts of soda ash. The German standard 
is in terms of Na^CO, (=53). The English standard 
(sometimes called Gav Lussac Bmobebs) is the 
percentage of Ka^O (=31), or real alkali, which is 
generally displacing the old trade degree based on 


64 instead of 62 as the molecnlmt weigl^ of Kk^O. 
Therefore pure soda ash = 31° Bnglisb, 62^5° ^)ea> 
croiziues, and 100° German, 

Desert (Geol, etc.) Any part of the surihee of 
the land where the conditions have long been nn* 
suitable for the growth of vegetation. Ihe ueael 
meaning attached to the word, however, implies that 
deserts are only due to a small rainfall (generally 
untler 10 in. per aitnum), which occurs at intervals 
too irregular to permit of the growth of any vegeta¬ 
tion except such as is specially adapted to the con¬ 
ditions. They are not confined to tlie hotter r^ons 
of tire globtt; e.g. areas of drifting vulcanic sand 
in Iceland form deserts. 

Desiescating (Carp., etc.) Artificial drying of 
timber by lieat. 

Desiccator (Ci^m.) Of various shapes, but consist¬ 
ing essentially of a closed vessel with a receptacle for 
caJeium cblorwle, strong sulphuric acid, or other water 
absorbing substance, and a shelf to carry the article 
to be kept dry. 

Design. De-^ign in its relation to the fine and' 
applied arts iiuplics invention—ttie creation o^.some- 
thing which hud no previous exi.sten<« in thht par* 
tiou&r form, and wliich is therefore original and 
uew'. But* it is doubtful whetlier originality in its 
complelest sense exists. It is not given to us to 
imagine anytliing beyond the limits of human ex¬ 
perience, BO that our creations are Uttlo more than 
recolhictions and modifications of things or forms 
alreatiy existing in nature. The fabulous beings- 
imagined by the ancients—the centaur, the satyr, 
the cyclop.s, the mermaid are cases in point; they are 
. not inventions, but combinations of existing material. 

I In tiie don., in of the fine arts, for the production of 
a pietnre, a statue, or a cathedral, design plays an 
imimrtant part, since tiie proportions, the proper 
balancing oi units, must be carefully considers. It 
is, however, in the so-called lesser arts or crafts that 
design in the more usual accejitntiuu of the term ia 
brouglit into play. This is called Applied Design. 
It consists of the application of beautiful forms and 
colours to a partictilar object or purpose, such as a 
stained glass window, a walliiaper, a piece of 
jewellery, or to the various articles of daily use. The 
application of design has been practised during all 
ages, from the time of primeval man : by the^cave 
dwellers, who traced designs and fancies upon bones, 
.shells, and the walls of their caves; by tiie savage 
tribes, who decorated their canoes, their weapopjB of 
warfare, and even their own persons. The funda¬ 
mental laws gu\erning ornamental design, such as 
radiation, tangential junction, symmetry, balance, 
etc., are direct expressions of natural principles 4tr 
facts : that of railiation in the sun’s rays, the digits 
of tiie human hand, in starfish, etc.; that of tan¬ 
gential junction in plant and tree growth, the 
springing of branches from a parent stem. Even the 
various ornamental motifs, e.g. the circle, may be 
seen exemplified in the sun, the full moon, and the 
contours of various flowers, the spiral in serpents, 
in the convolutions of shells, and the tresses of 
human hair. Applied design, togetlier with the rest 
of tlie line art.s, ha.s always reached its highest 
development at the lime of a nation’s fullest growth, 
ami to trace the history of a nation’s art is to follow 
the growth of its civilisation. In the case of Bgj'pt> 
the Cradle of the Arts, tlioir civilisation had already 
reached ite highest development at the time when 
the stoiy of her existing monuments begin, all 
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authorities agreeing that the further we go back in 
Egyptian history, as told by her monuments, the 
finer the art. The long story of Egyptian art is 
therefore one of gradual and slow, but no less sure, 
decline, but a decline from a very high level of past 
nrttainment. Prom Egypt the centre of civili.sation 
was transferred to Athens, and then to Rome, and from 
thence to Constantinople, the seat of the Byzantine 
Empire, which lasted practically to the birth of 
the mediseval period in the time of Charlemagne. 
In the thirteenth century arcliitecture, which is 
■properly the foundation of all the art.s of design, was 
at its zenith. The so-called Rbnaissancb was a 
return to classic ideals. The Gothic style was slow 
to take root in Italy ; it bloomed brilliantly, but only 
for a comparatively short sea.son. The break up of 
the Renaissance oamc very suddenly, about the close 
of the sixteenth century ; and from that time all the 
decorative arts slowly declined, until they reached 
their lowest ebb perhaps about the middle of the 
nineteenth century. Prom that time matters ha\e 
gi-adnally improved. In 1S51 came tlie Great Ex¬ 
hibition, which, whatever its subsequent effect upon 
the decorative art of the country, at any rate siio\v«‘d 
us exactly where wo were. It certainly w.js the 
means of opening our eyes to the wealth td ilcsign 
and sjficndour of colour of the art productions of our 
great dependency, India. During the latter half of 
the nineteenth century the mtjst considerable figure 
in the decorative art world is unquestionably that of 
William Morris, Jt is not too much to say that it is 
mainly to the influence and insfaration of Jlorristhat 
wc owe the improvement which has taken place in 
our furniture, wallpaper.s, textiles, stained gla.ss, 
embroidery, and latterly, since the founding of the 
Kelmscott Press, the detmiation and jiriuting of 
books. The art of William ilorris was foutided upon 
a study of t.he work of the twelfth, thirteenth, and 
fourteenth centuries. Broadly sjjcaking, what jVfon-is 
did in both practice and precept was to call Ihc 
attention of bis countrymen to the tnniseendeiit 
beauty of Iho old work and jiarticuiarly the work of 
this period. JTi.s immediate followers, who dominate 
applied art teaching in this country at the prc.scnt 
time, go a step further and say, “ Go back to N'ature, 
the original source of all art inspiration, but stUihj 
Nature in the light of the old work." Naturk STiroy 
is therefore the note of present day art teaching. All 
forrap of eccentricity under the guise of originality 
are tabbooed, in the belief that true originality will in 
time be developed, and students arc encouraged to 
study the forms of natural objects, an<l preferably the 
most familiar objects of plant and animallifc, andatthc 
same time to keep their attention fixed upon the finest 
productions of the past. To sum up the matter, the 
decorative art.s have certitinly touched the lowest 
po.ssible ebb of commonness and vulgarity, and a 
distinct and marked improvement has taken place 
during the i)ast thirty years. No great and lasting 
advance may, however, be expected, much less a 
return to the great times of art, except by a complete 
and systematic training of the worker, and a corre¬ 
sponding elevation of taste on the pari of the public. 

G, W. R. 

Design (.Nng., etc.') The calculation of the dimen¬ 
sions, and the drawing of the parts of a machine 
or structure. 

Designer (1) One who makes an artistic 

'design to lie afterwards more elaborately executed. 
(2) One ■who designs figure and patterns for the 
taannfaotnrer. 


Detiiverisatlon. The process of freeing lead from 
silver before it is made into white lead, and to fit it 
for use in chemical works, by Pattinson’s Process 
{q.v.) In the Parkes Process the argentiferous lead 
i.s melted in large iron pots, and molten zinc is 
added. The silver possesses a greater affinity for 
zinc than it does for lead, so that on cooling most 
of the silver separates from the lead and combines 
with the zinc. 

Dessue or Dizzoe {Mining). Catting out a thin 
lode in its entirety; also undermining or laying 
bare a lode. The term is chiefly used in Cornish 
mines. 

Destructive Distillation {Cheni.) See Distil- 

T.ATTON. 

Detachable ( Ggelex). Any part of a cycle which 
can be easily removed and rejilaced by the rider 
without any tools other tbau those eaiTied m the 
vali.sc may be termed detacluible. 

Detail or Details {Nine Arte). Particular and 
.subordinate parf.s of a work of art. or building, as 
distinguished from the larger parts tir tins general 
conception. 

- (ArchitreiX Drawings generally ing|n^ed 

for the use of workmen, i.r. WoKKiNfi DRAWINGS. 

- {Flwto.) The stnallo. or the less visible 

parts of a jiictiirc, which are only > be .seen in a 
well made ni'g.itive. 

Detent ( Watehre, Clocke). (1) In a chronometer 
ftscaiienient tlie delicate spring oarr\iiig the locking 
stone. (2) In a fase«! -ivateli or rluck, or in a weight 
clock, the detainer of the maintaining ratchet, the 
object of which is to prevent the stopping of a time¬ 
piece while it is being wound. 

Detrition {(ieol.) A t,erm trenerally restricted to 
the reduction in size of rock fragments by I'-auses of 
a mechanical nature. 

Deuterozoic Rocks ( Geoi.' phe grotip of rocks 
l•omI>risil)g the DuvosiAN UocKs, Old Red Saud- 
.STORK, and (’ARBOXIKEKOU.S SySTUM. 

Developable Surface ac.) Ntv Develop¬ 

ment. 

Developed Winding {Elect. Nug.) A diagram 
showing the windings <-{ an armature and their con- 
neetion.s as they wouUt ajijiear if they were removed 
from the iron core and sprtJid out on a flat .surfaexj. 

Developer (Photo.) A substanee which renders 
the IjATENt Image {q.v.) visible. Ikivelopcrs a<;t by 
n-diiction iq.r.) of the salts of silver in the film: 
must of them ara organic substances. See PVBO- 
(iALLic Agio, HyuBoyuiNONE, Eikoeogen, Obtol, 
etc. 

Development {Geometry^ JSng., etc.) (1) Giving 
full details of some part of a piece of work, 
(2) Drawing out on a flat surface the exact shape 
of a .sheet of metal, etc., which Ls to be hammered or 
bent into some required siiajic. Only certain shapesean 
be drawn out thus; these are termed Developable 
S lTKFACEs. Solids whicii are bounded by flat faces, 
cones, and cylinders are such surfaces; a sphere 
is not. 

- (hfuslo). The working out of “subjects” in 

classical music ; that jiart in sonata form following 
the double bar. 

- {Photo.) The production of a visible image 

on n sensitive film, which has been exposed or acted 
on by light. The process is one of RBncrCTiON (<?•».), 
metallic silver being produced in a very fine state 
of division in the case of Acid Development, and 
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deposited on nuclei formed of silver sub-iodide (Ag,l) 
or sub bromide (Ag„Br). In Alkaline Develop¬ 
ment the image is formed by the reduction of the 
sub-salt itself to metallic silver. As these sub-salts 
are only formed in the parts acted on by light, it 
follows that these parts will become dense and 
opaque by the deposition in them of the particles of 
metallic silver. The more intease the action of the 
light, the more silver sub-iodide, etc., is formed, and 
hiMice there will be a. gradation of light and shade 
iu the picture. Sef aho Developers. 

Development Acid (Photo.) Development (q.v.) 
in which an acid (r.ff. acetic acid) is added for the 
purpose of controlling the process, which would 
otherwise be too violent, and would result in the 
dartening of the whole plate. 

-, Alkaline (Photo.) The use of an alkali, 

e.ff. ammonia or soila, along with pyrogallic acid 
for some equivalent reducing agent). 3'he alkali 
greatly increases the affinity of the liody for oxygen, 
upon vvhich tlie developing tielion depends. In many 
ca.ses tliis action would be barely visible if pyrogallic 
acid were uscdTalone. 

Deviation f/'/zy-t.) In optic.'s the angle throttgh 
wd’jc# a ray of light is bent by a }'ri.sin, lens, etc. 
&<r oho Minimum IUovi.'ition.' 

-, Magnetic. "^Itc eiTor of a compass which is 

due to the uingnetic effect of an i‘ 'n ship or of iron 
fittings in u wooden .sliip. 

Device (Uor., itr.) (1) An emblem or de.sign 
icprescnting a family, person, or quality; usually 
accomiJiUiM'd hr a nmtto. l>scd in heraldry (an 
heraldic bearing, (‘ognisanoe. etc.); also in painting 
and .s<-ulpturc. (2'( A motto or legend used in place j 
cd such a ile-^ign. See .\rmorial Bearings. ' 

Devil (tmnulnj). A small port aide grate con¬ 
taining a charcoal fire, used for drying tlie internal 
st'i'facos of a mould. 

- {^Popar Afiinii/or.) A machine used in the 

manufactum of pa])er for luinoving dust and dirt 
from rags, 

-f Plumb.) A plumber's firepot.; used for 

heating solder, etc. 

Devitrification ( Oeol., etc.) All suustances of a 
vitrozjus or glassy chariicter tend wil.h lapse of time to ! 
undergo molecular rcan-angement. Gl.a.ss of Roman j 
age, once nuzre or less tr.'in.sparimt, is now l.urbid, in j 
consequence of such changes. The. stained glass of 
niodiiuval age in many of our catluHlmls (York, for j 
instance) has become giunular and brittle through 
dcvitiiric.ation. lu Nature the process plays an 
important part, especially in connection with erup¬ 
tive rocks wliicl) were, at one time \itvcous, anzl have 
become stony or lithoidal through this cause, 

Devonian System ( GeoL) The grouj) of rocks of 
marine origin, typically dcvelojied in Devonshire, 
which wore formeil in the long interval between the 
close of the Hilurian period and tlie commencement } 
of the Carboniferous. The fossils have a facies inter- i 
mediate in character between those of the two named. 
In Scotland and tlie north of England occur other 
types of rocks (the Old Red S-vndstones), chiefly 
formed under Continental conditions contempom- 
neously with the marine Devonian rocks. 

Devonshire Lace. A local definition. It has no 
decided characteristics, the‘workers being clever at 
copying almost any style of laco that may be in 
deniancL 

Dew (Meteorol., Phyu.) Moisture dc])osited from j 
the atmosphere on a cool surface by a process of ^ 


gradual oondensatidn. The cold surface lowers the 
temperature of the air in contact with it until any 
water vapour in this air falls to the temperature at 
wliich it condenses. 

Dewing (Woollen Manvfae.) The process of 
damping the cloth, either to prepare it for raising 
or to improve its handle. 

Dew Point (Phyn., etc.) The temperature at 
which moist air becomes saturated and begins tO' 
deposit its moisture, thus forming dew. 

Dexter (Her.) The right hand side fd the shield,, 
but opjxisitc to the left hand of the spectator from 
the front. 

Dextrine or British Gum (f^Am.) (CgHi^Ojln. A 
white solid; soluble in water; insoluble in absolute 
alcohol; dextrorotatory; does not reduce Fehling’s 
solution when pure; gives no colour with iodine; its 
solution heateil with acids yields maltose and then 
glucose (dextrose). The pure substance is made by 
the action of malt extract on starch paste at 'about 
60“; after filtering, maltose is precipitated by re- 
]K!ated treatment with alcohol, and finally the 
zlextrine is throwm out, by adding sufficient absolute * 
alcohol. Commercial doxtrines, which are always 
impure, are made by healing starch or by acting on 
starch with dilute snlplmric acizi for a short time 
only; thff acizl is then precipitated with chalk, the , 
clciir liquid drawn off, and the residue pressed ; the 
whole of the clear liquizl is then concentrated in 
vacuum pans. As dextrine is a strong adhesive- 
material, it i.s used for gumming envelopes, labels, 
and papers, finishing and thickening cotton, JaiiC, 
etc., and is also .sometime.s used as a binder in 
making watercolours (z/.r.) Dextrine required for 
commercial use should be free from acidity, di.ssolve 
.almost w.joUy in cold w.atcr, and yield a .solution of 
a light brown or yz'llou ish colour. 

Dextrorotatory (Phyi>., Chem.) A. compound is 
sail I to be ilextrorotatnry when it has the power of 
rotating tiie jihine of polarisation of light to the 
right See PoL.tRisiiD Light. If the substance is 
a solid, it is exiimined in .‘■olution in a snital le 
inactive solvent. Sr Asymmetric lLvrbon Atom. 

Dextrose, Glucose, Grape Sugar (Chem.), ('II,()H. 
(t'llOll),. CHO, A white crystalline solid, anhydrous 
wlien crystalli.sed from strong alcohol, containing one 
molecule of water when crystallised from water; the 
anhydrous solid melts at HC®. It is dextrorotatory, 
and the freshly made solution rotates the plane of 
pol.arisation about twice as strongly as a solution 
which liiis stood for some time (bi-rotation); it is 
less swei't than canc sugar. Dextrose is readily 
soluble in water; a Icohol diminishes its solubility,, 
and anhydrous dextrose is insoluble in absolute 
nl<;i)hol. It occurs iu honey' and many sweet fruits, 
always along with l!e^ulose (z/.r.); also very largely 
in the urine iu diaWtes mellitus. In combintdion it 
occurs in the important cla.ss of substanz’cs callezl 
Glucosides (z/.T.) Dextrose may bo prepared by 
inverting a solution of cane sugar (that is, convert¬ 
ing it into dextrose and Iffivulose) by the action of 
yeast or ililutc sulphuric acid (after inversion the acid 
must bo removed by baryta water), evaporaliug the 
solution to crystallising point under reduced pres¬ 
sure, washing the crystals with rectified spirit, and 
then crystallising from the same till pure, llie 
commercial glucose which is used in making beer,- 
sweets, jams, etc., contains dextrine, and is made by 
the action of dilute sulphuric acid on various kinds 
of starch. Dextrose has been synthesised Formal- 
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•deh^rde (CH,0), acarolein dibromide (pH^r , CHBr . 
CH^, wid glycserose, a. mixture ef the ketone 
and Aldehyde of glycerine (sr-e.)> all undergo con¬ 
densation to a-acrose, which is inactive Isevnlose, 
I'his yields on reduction inactive mannitol, 
from which inactive mannonic acid (or its lactone) 
can be obtained by oxidation. Inactive mannonic 
acid can be resolved by strychnine into the dextro- 
and lievo-acids. The dextro-acid, when heated to 
160° with quinoline, is partially changed to <f-glu- 
oonio acid (a stercoisomeride), wliich on redin'tion 
yields glncose. The following are imtiorl ant reactions 
of glucose: it reduces Fohling’s solution and also 
ammoniacal silver nitrate; ferments with yeast, 
giving alcohol and carbon dioxide as chief pnalucts ; 
unites with CaO, BaO, 8rO, forming CgH,„0(jCaO, etc. 
Carefully oxidised, it yields the monoearboxylic 
acid gluconic acid, CHjOH . (CHOH),COOII. More 
strongly oxidised, saccharic a<'id is obtained, CtlOH 
'(CHOH)jCOOH. Like aldehydes generally, it unites 
with'hydrocyanic acid, with hydroxy iamine, and 
with phenylbydrazinc, forming cyanhydrins, oximes, 
.and hjdrazones respectively. With two molecules 
of phcnylhydrazlne, the very important glucosazone 
€H,On(CHOH),. C. CII: N. NHC^H^ 

is formed. 

N.NHCgHs 

See IfcEVunosB and Osazonbs. The formation 
of this substance serves as a test for glucose. As 
glucose is a pentabvflric alcohol, it has the pow«!r 
of forming esters with acids; thus it forms a penta- 
acetato. On reduction, glucose yields Bobbitol, a 
hexahydrio alcohol stercoisomcric mth mannitol, 

Dextrotartarie Acid {Chem.} Ordinary Tab- 
'TAEic Acid (j.p.) 

Dhoolie(tT''W«» Weaving). (1) A calico cloth with 
various bright coloured threads near the selvedges, 
forming a border. Sometimes a figured border is 
put in and called Figubed Dhoolib. Mostly for 
export to India. (2) The name of the loin cloth 
worn by Hindus. 

Dhopra {Jictany'). Sorghum vulgarr (order, 
Gramine-ee), A cereal grown in Southern Europe, 
Egypt, and India, under tiie name of dhurra or dari, 
great millet, or guinea corn. 

Di ( diem.) Symbol for Didvmium (tj.v.) 

Diabase (Oeol.) A name applied in very different 
senses by different writers to rocks allied in compo¬ 
sition and structure to doleritc It is impossible 

to give an exact definition which would be generally 
.accepted. On the Continent the term is usually 
.applied to a basic eruptive rock (usually a dolerite) 
which is of pre-tertiary age. 

Diadem. AC'aowN(i/.r.) (l) Anciently a band or 
•fillet., either plain or a<h)riied with jewels, worn as a 
ibadge of royalty, especially by Oriental sovereigns. 
It was made of linen, cloth, or silk, generally white 
dn colour, and pas-sed round the forehead, t1»e ends 
being ti^ behind, and falling on the neck. (2) The 
aureola or crown of a martyr. 

- (Eier.) One of the arches rising from the 

rim of a crown (or coronet) and supporting the 
mound and cross. See Diadumbndb. 

DiadumenuBi a iSimljg.) The name given to 
.ctatues in which the figure has a fillet or diadem 
(j.o.) bound round the head. The name was given 
to a celebrated statue by Polyoletns. 

DiaAimal {Geometry). A line drawn between 
Atppoflite comers of a geometrical figure. 


iyf(gOBat<A%t^.) A Bbacb or (o.v.) running 

dia^nally across the openings of a built up girder 
or other fmmed structure. 

--— {JSuntUe Mawufae,') A type of woven design 
of frhe twilled charaoter. 

Dla|[onal Bond {Build.) Bricks laid diagonally 
in the interior of thick walls. 

Dii^onal Winch {Bug.) A Stbam Wimoh {g.v.) 
in which the cylinders arc nxod at an angle with the 
base plate. Tliis arrangement takes mmui less room 
than a horizontal one, and is much more rigid than 
a vertical engine. 

Diagram. (1) An illustration or drawing which 
represents some part of an object, or illustrates some 
principle. (2) An Indtcatob Dtaobam. Alsq a 
figure or drawing for the purpose of demonstrating 
the })ropertic!) of any geomelrical figure, os a triangle, 
circle, etc. : any illustrative figure, etc. 

Diagraph. An optical instrument used for draw¬ 
ing, mechanically, projections of objec-ts, maps, etc,, 
on a scale i>ropurtionate to the distansc of the instru¬ 
ment from the oiiject. It consists of a glass, to 
which is attached a ixjnoil governed b}- cords. The 
operator looking throngii the glass follows th# lines 
of tlic object to be delineated, and as he moves the 
glass the pencil also moves and reproduces it. 

Dial. (1) In general a disc or plate on which 
graduations are marked ; those graduations enable 
the position of some form of pointer or index to be 
read off. (2) A Mixeb’s Dial {g.r.) 

Dialiage (Jfin.) A clear green monosymmetric 
pyroxene occurring in serjwntine and in some (lab- 
bros C^.t'.) It is a vaiicty of Augite which lias 
undergone some change arising from the action of 
subterranean water.s. See ll’KOXENE. 

Dialling or Latching {Surnnjhtg). lA)cal terms for 
mine surveying. 

Dialogite {Min.) Manganese carlicnate, MnCO,. 
Tn rhouiijoliedral cry.'.tals, often rose red (honoe the 
synonym BnoJiocHnoisiTE); also yellow or brown; 
also massive and intrusting. Dissolves in warm 
hydr(.cblf>ric acid. Fj-oin St.rop.shirc, Warwickshire, 
Ireland, Haxony, Hungary, North America. 

Dialysed Iron ( Chem.) Feme hydroxide dissolves 
in a solution of ferric chloride. If such a solution 
be plswed in a dialyser (a glass vessel open at the 
top and bottom : for use as a di-alyser tliu bottom 
i.s covered with parchment and the vessel floated ou 
water, the liquiil to be dialysed being placed in the 
vessel), the solution forms hydrochloric acid, and a 
solution of forrie. hyilroxide remains on the dialyser. 
This is called dialysed iron; it is u.sed in medicine 
wluire other iron preijurations are unsuitable. 

Dialyais (Chew.) Certain substances, such as al¬ 
bumin, gelatine, silicic acid, etc., having very hi^h 
molecular weights when in solution in water, will 
not pass through a membrane such as liladder or 
pamhment when the latter is fioated on ■water; while 
most crystolline soluble substances will do so. The 
process of separating, by the use of such a membrane, 
a mixture of substances of the first class from sub¬ 
stances of the second class is called Dialtsis. For 
an example, tee Dialysed Ibox. 

Diamagnetisin {Phyt.) Substances whose mag¬ 
netic permeability hf less than unity (‘he. less than 
that of air), or whose magnetic susceptibility is 
negative, are said to be diamagnetic. Unlike para¬ 
magnetic substances such as iron, they tend, in a 
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magnetic field, to set tLemaelveii so that 1(6 few liaes 
of force as possible pass throx^h them, and henceluFe 
npelled by a magnet pole. 

Dlamete* Cl) line drawn across a figure; 
nsnally a line drawn through its centre. (2) The 
length of such a line. 

Diameter of Commatation (Elmt. Bug.') A 
diameter of a commutator drawn through the ^ints 
of contact of the brushe;^. 

Diameter Theory (^Textile Manufae.) The tho6ry 
of setting the cloths, basod on the diameter of the 
threads and the number of intersections of warp 
an<l weft in a repeat of the weave. 

Diametral Pitch {Eng.). The number of teeth on, 
a spur wheel divided by the diameter of the I’lTcn 
CiBOLB {q,v.) 

Diamidoasobenzeue ( Chtm.) Ciirtsoidinb (jg.v.) 


Diamines (fViem.') Wlicn one .atom of hydrogen 
from both of two molecules of ammonia is replaced 
bv a divalent radical, the resulting compoinul is called 
. CII,.CH. 

a diamine; e.g. ethylene diamine is N<^II Tl-oN 

jv 

• ♦ /N'H* 

and metaphenylene diamine is (1; R"). 

'NIIj 

The Ptomaines, Putkescine, and Cadavbbine 
iq.v.) are diamines. 


Diamond {Min.) Carbon in its cubic form 
(n/. (ittAPiilTE). Occurs in octahodro, often witli 
curved faces. Colourle.-s, rarely yellow, red, blue, 
or black. It often occurs in waterworn pebbles, 
in alluvial deposits associated with other precious 
atones, and in sandstone anrl “liliie earth.” Its 
hardness, its resistance to acids and alkalies, and its 
high refractive index imike it. pre-eminently suitable 
for use as a gem. Diamond also occuns in a comitact 
variety known ns Pout, which is used in cutting gems 
and to arm the crowns of rock drills. Localities 


for the diamond are South Africa, llrazil, India, and 
Australia. Sne alto I’BECiors Stones. 


- (Trad/'s). Often used to form the cutting 

point of a tool, e.g. drills, a glazier’s glass cutting 
tool, some forms of saws for cutting bard stone, etc. 
l>iamonds of inferior quality and bad colour are 
generally «sed in this way, 

- ) ^ tj’P® between gem and 

pearl, and equal to half the body of bourgeois. Sec 

Tvpa 


Diamond Dust. Fine refuse from diamond catting, 
used for grinding and cutting very hard substances. 
For example, in cutting rocks or pebbles into various 
shapes, diamond dust is applied to the edge of a thin 
rotating disc (a lapidary’s wheel), which then acts as 
a fine saw. 


Dianella Tatmanica 

i^fiotany). Order, 
Uliaeea. The “Broad 
Leaved Flax Lily" of 
l^ismania and Australia 
yields a good fibre for 
papqrmaldng, and is 
easily grown. 

Diaper (AroAiteef.) A 
surface ornament, eitlier 
carved or pointed, 
usually repeated in 
aqnST^ and applied to 
the face of a u^. It 
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was eztensivelx^sed in England dining the Baxlt 
EM aLiBfi and Dboobatbd periods. ^ 

Diaper {Ber.) A surface decoration of a shield used 
only as an ornament. It must not be considered a« 
a charge, 

- {Teastilen). A class of cloth in which the 

design is formed by alternate squares or lines of 
warp and weft fswje, and which is reversible. The 
old Diapebs or Dobnics were usually of a darn- 
board or dice pattern, and were used for coarse table¬ 
cloths ; but now diapers are mostly of the bird’s-eye 
or small diamond pattern, and are used for many 
purposes, such as children’s bibs, towellings, dusters, 
etc. The name “ Domick ’’ is derived from Tournay, 
in France. Synonymous terms, Diced, Dimity. 

Diaphaneity. The propeidy of transmitting light. 
When a substance possesses perfect diaphaneity, it 
is said to be Tbansparbnt ; when it transmits 
some light, but is not clear enough to allow objects 
to be seen through it, it is said to be TbansduobET, 
When no light can pass, it is Opaque. 

Diaphragm. A general name for a partition across 
a space or cavity. 

- {Photo.) A partition with a circular opening 

placed in or near the lens to reduce the diameter 
of the pei\cil of rays passing through it. A small 
opening increases the sharpness of the image, but 
diminishes the intensity of illumination of the plate, 
and therefore necessitates a longer exposure. 

- {Zoology). The partition between the thoiax 

and abdomen in a mammal. * 

Diastase or Amylase {Chem.) An Enzymb 
{f/.v.) of unknown composition; it contains carbon, 
li\drogen, nitrogen, oxygen, sulphur, and aiiii. It 
can be obr.'tined from malt in a variety of ways; 
e.g. tlio malt is treated with alqohol, the residue is 
extracted with glycerine, and the glycerine solution 
is precipitated with a mixture of alcohol and other. 
Tlie precipitate is dissolved in water, and once more 
precipitated by alcohol. Diastase is a yollowisb- 
white amorphous powder. Diastase (or substances 
closely allied to it in properties) is extremely wide¬ 
spread in nature, occurring in plants and animals; 
e.g. the so-oallcd I’TYAUN of the saliva is a diastase. 
The cliiof property of diastase is its power of convert¬ 
ing starch into dextrine and the sugar maltose. The 
most favourable temperature for its action is about 
.'54'’: it is destroyed (when in solution) at 75°. 
Diastase is the most Important constituent of Malt 
Extract, but many preparations, on account of the 
high temiKsrature employed in their manufacture, 
contain no diastase. See also Enzymes. 

Diastyle {Arehiteot.) The name given to the 
spacing of tlie columns in a Grecian temple when 
the space between the columns is equal to three 
times the lower diameter of the shaft. See Ab^eo- 

STYLE, I’YCNOSTYLE, SYSTYLB, BUSTYLE, and INTBB- 
COLUMNIATION. 

Diathermanouz {Phys.) Substances wiiioh are 
transparent to radiant heat are said to be Diather- 
manous {e.g, rocksalt). 

Diatom {Biology). Diatomacea!, a class of very 
minute nnicellular plants {Algte) found in fresh ana 
salt water. Their silicified valves occur as fossils, 
and form the deposits known as Diatom Babth. 

Diatom Eartii. Accumulations of the siliceous 
cases or frnstnles of the minute and lowly form of 
vegetable life known ns diatoms. The “ earth ” in 
most cases has gradually accumulated on the bottom 
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of fresh water lakes. Tt has a considerable com¬ 
mercial value, and under the name of Diatomite is 
larffely employed in the manufacture of dynamite. 
Aim termed Kieshlouhb and Mountain Meal. 

Diatomic Hoiecale (Cliem,) A molecule of an 
element containing two atoms. Thus tlie molecules 
of hydrogen, oxygen, nitrogen, and ■chlorine are each 
lielieved to consist of two atoms of the respective 
elements. 


Diatonic (MvMc). Consisting chiefly of tones, as 
opposed to chromatic. Melody is formed wholly on 
the diatonic scide. 


Diatonic Beale (iSoufid). A series of notes who.se 
frequencies are proportional to the quantities 

*1 »« 4» 21 IT* a » 

This gives a succession of the following interval.^: 
Tone, Tone, Semitone, Tone, I'one, Tone, Semitone. 

Diazoamidobenzene 

ACTIONS. 


(Cliem.) iSer Diazo Ee- 


Diazomethane (^/<cw<.), C 


y'' 


A yellow gas; 


no smell; poisonous; altacLs the eyes and skin. 
Water decomposes iI, forming methyl alcohol; acid.>i 
give the corre.sponding nielhyl ester. It is obtained 
by the action of alkalis uj.'on nitrosomethyl urethane: 


CO 


/N.CH, 

I 

NO 


.O.Va N. 

+ IlONa=CO< +ILO-f II >CU,, 

K' 




0C.JIs 

See Ubethanes. 


Dia|onium Saltz {Chrm.) Sit Diazo Eeactions. 

Diazo Reactions {Clirm.) When an aiunuiLlc 
amine is converted into a salt and a solution of the 
salt treated with nitrous acid below C“, a diazonium 
salt is producc<l, Thm proce.ss Is called Diazoitsino, 
and the reaction is called the Diazo Eeaction. 
For example, when one mtjleciilar proportion of 
aniline is dissolved in between two and three 
molecular proportions of hydrochloric acid diluted 
with water, a solution of aniline hydrochloride is 
formed, and one molecular ])roportiou of the acid is 
left over. The solution i.'^ now cooh-d to 0°, and one 
molecular proportion of sodium nitrite in strong 
sidution is grartmilly added ; this, with the free aci<l, 
forms nitrous acid, which, with the aniline hydro¬ 
chloride, forms the diazonium chloride 

C.njNll.,. HCl + ON .OH = C^HjN :N + 2H.p. 

Cl 

The diazonium salts are colourless, crystalline soli<ls 
soluble in water and insoluble in etlier; they are 
unstable, and sonu; (f.g. the nitrate) are explosive. 
They are usually only prespared in solution, and their 
very great importiinee conshsts in the fact that they 
undergo many important reactions. The following 
are examples : (1) Warmed with alcohol, the grouj) 
NjX is rcplactnl by hydnjgen, e.g. C,,Hjl5rjNj,( '1 gives 
CglIgBr,. (2) Boiled with water, they" give jflienols, 
e.g. CjHjCH,N,('l gives 0,rijOH,(.)IT. (S) Heated with 
cu]>rous chloride, bromide, or cyanide, chloro, bromo, 
and cyanogen derivatives arc formed, e.g. benzene 
diazonium chloride with cuprous cyanide gives 
Fhentl Ctanide (Bknzonitbitk), C^HjCN, (1) 
Heated with potassium iodide, the diazonium sulphate 
gives an iodo compound, e.g. CgHjN^HSO^ gives 
•PHENTI. lomUK (loUOBENZENB), CgHJ. (o) The 
diazonium bromides add on two atoms of bromine 


and form perbromides, e.g. CaHjNBr . NBr,: the latter 
compound with ammonia gives Diazobenzeneiuidb, 
.N 

a liquid with stupefying odour. (6) 


Reduced with stannous chloride, benzene diazonium 
chloride gives PHENYLHrDRAZINB HYDBOOHLOEIDE, 
OjHj . HN . NU.J1C1, (7) With aniline, benzene 
diuzonitim chloride forms D 1 AZO.AMIDOBENZENE, 
C.ITjN ; N . NIlCJljj, a yellow crystalline solid wliich, 
wnen heated with aniline and aniline hydronhloride, 
is changed to the isomeric Amidoazobenzbne, 
CjITj. N: N . CgHiNn.^, a yellow crystalline solid; its 
disulphonic acid is a valuable dye— Fast Yellow. 
A few fattv diazo compjunds are known; thus 

.N 

ni ^ II 

Diazoac'etk; Esteb, j is obtained by the 

COOC.,!!., 

action of nitrons acid upon the hvdrochloride of 
CHsNHJin 
ctlivl aminoaectate, I 

t-’OOCj^Hj • 

Dibasic Acids ( C/uvi.) Acids which form two 
salts with a monovalent element, such as sodium, 
potassium, or silver; or with a monovalent group, 
such as the ammonium group (NIl^), or the methyl 
(CH.) or ethyl (Cpll^) p-onps. Thus sulphuric acid, 
H._,S0,, is a dibasic acid because it forms the salts 
NaHSO^ (sodium hydrogen sulphate) and KojSO^ 
(sodium sulphate), etc. 

Dicarboxylio Acids (Ohem.) Organic acids con¬ 
taining two — COOH groups are called dicarboxj'lie 
acids. Thn.s, the simplest possible dicarboxvlic acid 
COOH 


is oxalic acid, | 

COOH 


Diced. Nc/'D iapeb. 

Dichlamydeous ( llotuny'). The term used in 
clc.seiiption of a flower 'when both wliorls of tlie 
I)crianth are pre-ent. 

Dichroism {Min.) nic propeity some minerals 
have of exhibiting two different colours whim 
viewed in two different duections, e.g. lOLITE or 
Dk'jihoite. 


Dichroite (J!f/«.) 4 ."vnonym for loLiTE (j.r.) 

Dichromate Ceil. See Cells, PeimarV. 

Dicotyledonea {Hotang). Ono of the two divtsions 
of tloworinir })lants, ohaiacteriscd by the presence of 
two cotyle ’.ons or seed loaves in the emhi’j'o. 

Didactics. I'hc; art or science of teaching. 

Didymium (Ckem.) This substance occurs in 
ceiito along with Cerium, Lanthanum, and Samariam; 
it was formerly regarded as a single element, as 
solutions of its salts yield a characteristic absorption 
spectrum. But it has been resolved by fntctional 
crystallisation of the double nitrate with ammonium 
into two others: NEODYMIUM, giving pink salts; ahd 
Pkaheodymium, giving green salts, and both having 
characteristic ab.sorjition spectra. Neodymium is 
itself most probably not a single element. 

Die (^Arehiteet.) The cube-shapetl body of a 
pedestal. It is also known as the dado. See 
Pedestal and Dado ; aUo Abchiteotubb, Obdeus 

OF. 

- (Eng., etc.') (1) An engraved stamp employed 

for impressing a design upon some softer material, 
such as coins, medals, otc. Dies are often used in 
pairs for impressing different designs on the op;K>site 
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sides of tihe utMe stamped. (2) A pnttiqg tool 
tised for {ormiii^ aa eztomal sorew thtead. '• See 
Btogks Atrp Dies. 

Oto Box {JBng.') 1!!h8 part oi a SoBBWiKa Ma- 
OHixB (f.®.) wliicii contains the Die& 

Dio Ohiudc A chock in which work is held 

by two (or three) small jaws, carried in radial slots 
along which they can be moved to or from the centre 
of the chuck. Sometimes the jaws are actuated by 
mechanism, so that they move simultaneously; the 
ohook then becomes Self-Cbntbimq. 

Dielattrio (^Meet.) Insulating or non-conducting 
material through which lines of electric force run 
from one charged body to another. See also Spbcifio 
lUDiTCTivB Capacity. 

Diesil (Phytt.) The interval between two notes 
whose frequencies are as 25 :24. It is the difference 
between a minor tone (frequency ratio V-) a 
limma (}|). 

Die Square (Carj/.) Bough timber of a square 
section, not sawn. 

Diethylamine Nn:(C,H,),. A colourless 

inflammable liquirj with strong ammOnia-Iike smell; 
boils at 6(5“ ; soluble in water ; a strong base. 
For •preparation, see under Ethylaminh. It is a 
secondary amine. Its cliief reactions are: (1) With 
ethyl oxalate it forms Ethyl Diethyloxamate, 
CON(CjH,), 

1 , a liquid. (2) With nitrous acid 

COOC.Hj 

it forms NlTliOSODIETHYLAMINE (CjH^„N. NO, a 
yejlow liquid. (3) With ethyl iodide it forms Tm- 
STHYLAMINE IJYDUIODIDB, N(C„H,,),I1I. (4) W'illl 

aeetylchloride it forms Diethylac'etamide, (C.,HA 
N.OC.CII,. 

Difference of Phase (Phys., etc.') Ser Habmokio 
Motion. 

Differences, Harks of, or Brisures {Tier.) Dis¬ 
tinguishing marks or figures addetl to heraldic 
compositions for the purpose of identifying different 
members of a family who have the right to bear 
the paternal arms. For in.'.tance, eldest sons bear 
their fathers’ arms differenced with a label as a 
distinguishing mark; the second bears a crescent, 
tbe third a mullet, the fourth a martlet, and so forth. 
These are u-sed daring the lifetime of the father. 

Difference Tone (Sound ). When two notes sound¬ 
ing together produce beats (y.r.), a tone can some¬ 
times bo lieard whose frequency is equal to tlie dif¬ 
ference of the frequencies of the Iwo original tones. 
This deeper tone is termed a Difference Tone. See 
also CojffBiNATioN Tones. 


Differential 
Gear (Jfotor 
Cars). A, train 
of wheels con¬ 
necting the two 
hahes of the 
driving axle of a 
oar witn the 




1 


p 

shaft which f 


A 1 

transmits the 
power from tbe 
engine. This 
permits the 
wheels of tbe car 
to revolve at 
different rates 
when turning a 
oorper, but 

DtVt'BUe.STlAI. QXiUa. 


causes both to revolve tc^ther lyhetaffUlring steaight 
forward. Inai^pioalfonuAandaafetbeiiWbbalvew 
of the axle; Dandoare bevel wheels keyed on 
B; 6 is the rkn of the sprocket whml, tbe wheel 
by means of which the power is transmitted from |be 
engine to A and B ; E and V are small bevel wheele, 
gearing with 0 and d, and carried on axles fixed to, 
the sprocket yrheel a. In straightforward driving; 
E and F do not rotate, and therefore Q and D turn 
with Q. When the whole vehicle is caused to turn 
from its previous straight path, E and F can rotate in 
such a way as to allow a difference in the rate of 
rotation of the two half axles A and B. 

DUferential Motion (Cotton "Weaving). A very 
important and essential motion on the flyer frames 
for determining the reduction in speed of bobbin 
spindles as the diameter of bobbin increases during 
the winding on of the roving which is given off by 
the draw rollers. There are several motions, the 
chief of which aro as follows: (1) Holdsworth’s; 
(2) Curtis k. Bhodes’; (.3) Dobson k, Barlow’s; 
(4) Tweedale’s; (6) Brooks k Shaw’s, Sometimes 
termed “ Jack-in-the-box.” 

- (Png.) (1) Differential gear (qx.) such as 

is used in motor cars. (2) Any mechanism in which 
a motion is obtained which is the difference of two 
separate motions; e.g. in the so-called Chinese wind¬ 
lass, in which one end of a chain is unwound from a 
barrel, while the other end is wound up on a larger 
barrel, thus raising the loop or bight of the chain at 
a slow rate. 

Diffepential Pulley. A block with a set of pulleya 
and an endless chain. The mechanical advantage 
dc]H:nds on the difference between the diameters 
of the pulleys. , 

Diffraction. The general name for the phenomena 
produced when light passes through any very small 
opening or pa.st some obstacle casting a shadow. 
According to ordinary experience in such cases sharp 
8hadow.s are produced, whereas, according to any 
wave theory, sharp shadows should not be x>roduoed. 
When, liowever, light diverges from a point source or 
a very narrow slit, maxima and minima of illumina¬ 
tion arc produced outside, and sometimes inside, the 
geometrical shadow, giving rise to what are termed 
DiKPHAcrroN Bands, and these can bo shown to be 
exactly in acwiordance with theory when the very 
small length of light waves is taken into account. 

DUEraction Grating. An arrangement practically 
equivalent to a large number of very narrow slits 
close together, thus vastly increasing* the brilliancy 
of tbe diffraction effects obtained. They are pro¬ 
duced by ruling some surface, such as glass (trans¬ 
mission grating) or metal (reflection grating) with 
from 6,000 to 40,000 lines or scratches to the inch. 
The best gratings are ruled on a concave metallic 
mirror of small ciu'vature, a method introduced by 
Bowlauds. (Jood gratings are very costly, but useful 
replicas can bo obtained on gelatine films. Diffrac¬ 
tion gratings aro used for the production of spectra 
without the aid of a prism, and their main import¬ 
ance lies in the fact that they afford almost the oidy , 
Tu actical method of accurately measuring the wave 
length of light, 

DlffuBiometeF (Phys., Clusm.) A piece of appa¬ 
ratus used in examining the rate of diffusion of gases. 

It is merely a straight glass tube, one end of which 
is closed by a porous materiaT such as plaster of 
Paris or a thin piece of gas carbon, tJie other end 
being open. The porous end is covered with a sheet 

n. 
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of robber; the tube is filled with mercury and inverted 
over mercury, and the gas to be examined is palsed 
in. The level of mercury inside and outside being the 
same, the rubber is removed at a givcm instant, and 
the process of difiusion begins. The mercury levels 
being kept as nearly as possible the same during the 
experiment, the rubber cap is put on ^ain after a 
known internal, and the amount of air which has 
entered the tube, as determined by analysis, during 
the time of the experiment measures the rate of 
diffusion of the gas relative to that of air. 

Diffosion (PJiys., Ckem,.') This term in its widest 
sense implies the sp<mtaneons mixing which occurs 
when two or more substances are brought in contact 
with eacli other,' The phenomenon is most pro- 
noanr.ed in gases. When two gases arc brought 
together they rapidly mix, even against gravity. 
Thus, if two flasks be joined together by a glass tube 
passing tliiongh rubber stoppers, and the lower flask 
be filled with carbon dioxide and the higher with 
hydrogen, the gases will form a homogeneous mixture 
after some time, in spite of the fact lh.at the carbon 
dioxide is twenty-t wo times as heavy as the hydrogen. 
Graham showed by raean.s of the Difpusiomktek 
(g.v.) that gases diffuse at a rate which varies in¬ 
versely as the square roots of their densities; e.r/. 
the density of hydrogen being one and that of oxygen 
sixteen, hydrogen diffuses four times as qiiickly as 
oxygen. Liquids also have the power to diffuse; into 
each other; but the process is incomparaidy slower 
than in the case of gases, and there is no such simple 
law of diffusion in tlm cuise of liquids as that which 
holds in the case of gases. Dissolved substances 
have also the profKjrty of diffusing through tlie 
liquid serving as solvent; thus a solution of copper 
sulphate may be placed in a tall c.ylimler and w:iter 
cautiously poured upon it so as not to mix with the 
solution. On standing, the copper sulpliato will be 
seen to piiss very slowly up the cylinder into l.he 
water. Solids also diffuse into each other, but very 
slowly. A plate of high carbon steel pressed against 
a plate of pure iron gi ves up carbon to the iron even 
at ordinary temper.iliires. The phenomena of diffu¬ 
sion arc explained on tlio sa)>p»sition that the mole¬ 
cules of matter are in a state of rapid motion. Jn 
gases the molecules have the greatest freedom, so 
that mixture takes jdace readily; while in liquid.^ 
and solids the molecular conditions are much more 
complex, and diffa.sion is much slower. The jja.ssage 
of a gas through a porous material into anotlier gas 
is also called diffusion, and the law of gaseous diffu¬ 
sion bolds the same whether there is a partition or 
not. A partition is useful when it is de.sire<l to effeset 
a partial separation of two gases which differ auifi' 
ciently in density. 

DiifiuiTity (Phyx.) The ratio between the con¬ 
ductivity of a substance and its specific beat jxjr 
unit volume. If A: = the coefficient of ennduetivity, 
« the specific heat, and p the density of the body, the 
diffusivity or, as it is also called, the coefficient of 

lit 

thermometric conductivity = —. 

xp 

Digester ( Paper Manvfac.') A strong steel vessel 
used for boiling rags, esparto, and other raw materials. 

Digesters (Chem. Hitp.) Apparatus of varions 
forms (generally provided with stirrers or a false 
bottom) for “ cooking ” materials with steam, usually 
-under pressure, e.ff7in the separation of oil, fat, or 
grease from fish offal, slanghter-bouse refuse, and 
bones. 


Digestion {Zoology), The process by which the 
food is changed into soluble substances that will 
readily diffuse through the walls of the alimentary 
Canal into the blood. See Cbymb, etc. 

Digger Engi) A term applied to a 

mechanical excavator. 

Dlgitalin. The alkaloid obtained from the leaves 
of the foxglove," Digitdlit purpurea, (order, Sero- 
phularlaoeto). 

Digly^h {Architect.) A projecting face used in 
the Doric entablature, similar to a triglypli, but 
having only one complete and two half channels. 
See TraoLYrH. 

Dihydrio Alcohols and Phenols (flhem.) Alcohols 
Jind phenols containing two hydroxy groups. Thus 

OH 5 OH 

glycol is a dihydric alcohol, ( ; hydroquinone 

C’HjOH 

is a dihydric phenol, CjH,(OH), ( 1 :4). See Also 
At.ooiion. 

• 

Dihydro {C/wm.) A prefix implying the acldi- 
ticin of two hydrogen atoms to a compound. Thus 
dihydrobcnzeiie is a compound formed by the addition 
of two atoms of hydrogen to benzene: (.yig. Ben¬ 
zene. Dihydrobenzene. 

Dihydroxy {(Un-m.) A prolix implying the 
presence in a cu)u])ound of two bydroxy groups. 
Tiiu.s tartaric, acid is called dibydroxysuccinic acid, 
betause it may be regarded as siicoii\ic acid in which 
two hydrogen atoms are replaced by two hydroxy 
groups. 

C1I..COOH niont'ooii 

I * 1 

(TIDOOH CHDllOUOH 

Kuocinii- acid. Dibydroxymicciiiic acid. 

t'(t>in.,cooH 

Dihydroxytaptaric Acid ( 

f(OH).,COOn 

Alsn called Dio.VYTAKT.iUiic Acid. An unsUible 
civstalliue .solid melting at 114° To make it tar¬ 
taric axiid is dis.solved in fuming nitric acid, mixed 
with concentrated sulphurio aciil, and allowed to 
stand ; the .solid, which separates, is carefully brought 
into ice cold water and allowed to stand some days. 
The solution of the acid s,-> obtained yields a nearly 
in.sulublc sodium salt; it has been suggested us a test 
for sodium. With phenyl hydrazine p.arasnlphonic 
acid it yields a beautiful golden yellow dye, 
TAKTBAZIlfK, 

HOOC . ('; N - NHC,H,SO,OH 

1 

IKtOtJ .C:K- NHC.n,80„0H 

Dike. A I)tkk C^.r.) 

Diketonee {Chem.) Compounds containing two 
ketone (—CO—) groups. The simplest diketone is 
diaectyl, ClijCO. UOCI 13 . When the ketone groups 
are adjacent they arc called a or 1 ; 2 diketones; 
when scjiaratod by a CHj group, ^ or 1 :3 diketones; 
and so on. DlAClSTVL is interesting because it has a 
yellow colour and a smell like qninone (y.n.), which 
is an aromatic diketone. Aceyohylaobtoke is 
important because of the readiness with which it 
yields derivatives of the heterocyclic ring com- 
pniids, Fubfubaeb, Thiophene, and Pybroi*. It 
IS a pleasant smelling liquid, boiling at 194°, and 
may be prepared from ethyl acetoacetate {q.v.) by 
making the sodium compound, treating tins with 
iodine, and allowing the resulting ethyl diaoetyl- 
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«ucdinti.te to sto&d in contact with caustic soda 
sotation. 

CH,COCH. COOC^Hj 
■CHjCOCH. COOC,Hj 


+ 2H2O 


CH,CO. CH» 

I +2CO,+2C,Hs.OH 
CHjCO. CH, 

Acetonylacetonfe can exist in the tautomeric (gee 
Tautomhbism) form, CH,C . OH = CH — OH = 
C . OH . GH,. Heated with phosphorus pentoxide, 
it forms 00 -Dimethyl Fubkubanb ; 

CH,C - OH 


OH 

OH 




o<;^ +11,0. 

CH,C = CH CH,.C=r(’H 
With phospliorus pentasulphidc (which withdraws 
water and gives SH.,) we get oa-Di mbthylTuiophene, 
OH,. C = CH 

s/ 


\ 

CH,.C = CH 
Pykhol, 

t:H,. C = CH 

OH 

OH 

CH,. 0 = CII 


With ammonia it gives aa-l)i methyl 


OH,. C - CH 


Nil =2HjO + nN<[ 


CI1,.C Oil 


Dilatonieter (Phye.) An instrument for deter* 
mining the cubical expansion *of liquids. In one 
form a bulb i.s tilled with the given liquid at a 
known teiiiperatuve, and the increase in volume is 
obtained by observing the rise of the licpiid in ll»o 
neck attached bj the bulb, tlie cro.ss section of this 
neck having been iU'curately determined beforehand. 
On making a suitable correction for the expansion of 
the bulb, the true coeflicient of cubical expansion 
of the liquid can be calculated if wc know the 
original volume and the rise in 'emperaturc to 
which the liquid has been subjected. 


Dill (Jiotany). Pevoedanum yraveolciui (order, 
IhnVelilA’rte), Tlie drie<l fruits produce on distil¬ 
lation an oil used in pLarmaey. 


Dlllueing (Minimj'). Cornish term for washing 
powdered ore. 

Diluvium (Geol.) A name applied by the older 
generation of geologists to all the superficial accumu¬ 
lations, and especially to tho.se now regarded as of 
glacial origin. Formerly these tliluvial depo.sit s were 
s\ip[)oaed to have Ixicn formed by the Flood, or by 
some vast and destructive debacle. 


Dimensions (Knu-, etc.') The measurements of 
work which are shown on working drawings. 

Dimensions of Units. Tiie power which shows 
how a derived unit is related to a fundamental unit; 
e.g. a unit of volume (derived) varies as the third 
power of the fundamental unit of length on which it 
depends, and therefore the unit of volume is said to 
be of dimensions three in length. The unit of velocity 
varies directly as the unit of lcngt.li, and inversely as 
the unit of time; its dimensions, therefore, are 1 in 
length and —1 in time. iSfee aZaw Units. 

Dimethylamlne (Chtmi.) (CH 3 ) 2 NH. A gas; 
when liquefied it boils at 7®. In its properties it 
closely resembles diethylamine (q.v.), and it may be 
prepared in a similar way. It is also prepared by 
xtoiling nitroBodimethylaniline(j/'.v.)with caustic soda. 


]Mlii«thyl»iiilili« ( Chem.) G,H,N(CH 2 )j. A colour, 
lodb oil boiUDg at 192®. It Is prepared on a large 
scale by hating a mixture of aniline and amline 
hydrochloride with metliyl alcohol {free from acetone) 
at 230° to 27(f, and fractionally distilling the product. 
Its hydrochloride with nitrous acid forms NlTBOSO- 
dimethylaniline (gee Nitboso Compoonhs) ; with 
fuming sulphuric aedd, dimethylaniline forms the 
Mbtashlphonio Acid. It is largely used in the 
preparation of dyes; so also is its metasulplionic acid. 
Hee Methyl OBANas, Methyl Violet, Malachite 
Gbebn. 

Dimidiated (Her.) Cut in halves, and one half 
removed and replaced by another half similarly 
treated; thus two coats are sometimes placed on 
one shield per pale, the half of each only appearing; 
e.g. the arms of the borough of Great Yarmouth are 
compounded thus. 

Diminished Flier (Jovii.) A step slightly narrowed 
or diminished at one end. 

Diminished Interval (MinAe). An interval con. 
taining one semitone less than perfect or minor. 

Diminished Styles (Join.) The Ktvles (q.v.) of 
half-glass doors or framing in which the upper part 
of the style is narrower than the lower part. 

Diminishing Socket (JUng., etc.) A socket for 
connecting two pipes of <h£Eerent diameters. 

Diminuendo (Mude). Diminishing the loudness. 
Abbreviation, DIM. or 

Diminutive (Her.) Similar to the “ ordinary," 
only of smaller dimensions and having a different 
name; thus tlje “ Cotise ” is tlie diminutive of the 
“Bend,” “Barrulet” the diminutive of the "Bar,”’ 
etc. 

Dimity. See Diapeb. 

Dimmer (JSlect. Eng.) A device for diminishing 
the liglit from electric lamps on the stage of a 
theatre. It consists of a variable resistance or of an 
Impedance or Choking Coil (q.v.) 

Dimorphism (Min., (J7iem.) AVhen a definite 
clieniical comjwund cr}'st'illises in two different 
forms it is sai<l to show' dimorphism ; e,.g. carbonate 
of lime occurs in the rhombohedral form as calcite, 
in the rhombic form as aragonite; caihon, in the 
cubic form as diamoud, in the hexagonal form as 
graphite, etc. 

Dinas Clay (Med.) A very highly refractory fire¬ 
clay used for lining metallurgical furnaces. Contains 
about 30 per cent, more silica and 18 per cent, less 
alumina th.'in other fireclays. 

Dines' Hygrometer (.Vcteorol.) See Hygbo- 

METEBS. 

Dinitrobenzenes (Chem.), CjH/NO,)*. There are 
three of these, vk. 

NOj NO, NO, 

NO, 


\ NO* 

NO, 

Ortho-(or 1 :2). Heta-(or 1:8). Para-(or I; 4). 
M.P. IIS®. M.P. i«®. M.P. 178". 

Only the Metadinitbobenzene is important. It is 
prepared by dissolving benzene in fuming nitric add, 
cooling, adding sulphuric acid, and boiling. Pour 
into water and crystallise from alcohol. It forms 
yellowish white prisms, mtslting at 90°. Sparingly 
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Bohible' in water, readily in aloobel. On reduction 
with amtnoniam sulphide it forms metanitraniline; 
nidnotioa with tin and hydroohlonc acid gives 

MBTAPHHNTIjENBDIAMINB 

Diosoions {Botany). The term used when the 
flowers are unisexual, and the male and female 
flowers occur on different plants (e.y. willow). 

Dl^pside (_Miu.) A greenish variety of mono- 
symmetric pyroxene with a well marked cleavage. 
It usually occurs in thermo-metamorphosed marbles. 
See Pyboxbkb. 

DioptaM {Min.) A hydrous silicate of copper, 
CuSiO,, H.O. It crystallises in rhombohedra of 
an emerald green colour. It docs not occur in 
Buffident quantity to be used as an ore of copper. 
From Siberia, Kassau, Chili, etc. 

Diopter {Surveying). One of the earliest instru¬ 
ments for the solution of surveying problems. 
Invented by Hero of Alexandria (b.c. 285—224). 
Essentially a primitive combined theodolite and level. 

Dioptrie {Light). The unit of ourvation in lenses : 
if »*=radius of a curve in metres, then the curvature 

in dioptrics = 

Diorama. A mode of scenic representation in¬ 
vented by Uaguerre and Houton (1822). The pictures, 
which are viewed through an ai>erturo, are trans¬ 
lucent in parts, and the method is suitable for 
illustrating not only lnnd.->cai>cs, but also interiors of 
buildings, clover effects being obtained by means of 
transmitted and reflected light, aided by screens. 

T Diorite ( Qeol.) An eruptive rock of deep-seated 
origin and of the same structure as granite, but 
consisting essentially of one of the plagioclase 
felspars, usually in association with one or more ferro- 
magnesian silicates, amongst whioii liornblonde is 
usually present. Biotite and a small proportion of 
quartz usually occur as accessories. Diorite is the 
deep-seated or platonic equivalent of andesite la\aB 
and of porphyrite dykes. It grades in one direction 
, into Dtobitb CiBANiTHandin another into DiOBiTE 

3BBO. 

Diosooreaoese {Botany). A natural onler of 
Dicotyledons. The plants are nathes chiefly of 
tropical countries, and po.ssess large underground 
tubers. The tnt)ers of the Yam (Dioseorea) form a 
valiible food. 

Diota {Arehivol.) A vessel with two ears or 
handles. The term is sometimes used for an 
AmjpUOBA (ijr.c.), but it applies practically to any 
two-handled vase. 

Dip {Meet.) The inclination of the actual direc¬ 
tion of the cartli’s injignetic force to a horizontal 
plane. 

- {Bng., etc.) (1) The amount of immersion of 

some object, such as the float of a pafldje wheel. 
(2) The act of dipping work into a liquid bath, e.g. in 
gal^nising iron. 

— {&eol.) Sedimentary rocks are deposited 
normally in layers which arc as a whole parallel to 
the horizon. But subsequent disturbances may cause 
these to bend into folds. Tlie amount of inclination 
thns caused is usually measured in degwies, counting 
from the horizontal. Jn estimating the dip of a 
lock it is necessary to record the direction of 
greatest inclination as well as its amount at the 
place under observation. 


D^ Ovank {Bng.) A crank formed by bmding a 
rod to the required shape, instead of cutting the 
crank from a solid forging. 

Diphenyl {Cham.), CgH* — C.Hc. White shining 
leaflets; melts at 71”; soluble in moohbl. Obtained 
by heating brombenzene with sodium; or better, by 
passing vapour of benzene through a redbot iron 
tube and fractionally distilling the product. Oxidised 
with chromic acid, it gives benzoic acid. Its ohemioal 
behaviour is very similar to that of benzene. It 
occturs in coal tar. • 


Dlphenylamlne (CKc»».), Iffonoclinic 

plates;' melts at 54°; soluble in alcohol, benzene, 
ether. Obtained by heating aniline and aniline 
hydrochloride for a long time at 200®, boiling the 
product with dilute hydrochloric acid to tomove 
aniline, and distilling the residue. It is a weak base, 
its salts being decomposed by water. It unites mth 
potassium, forming (C„H 5 ).^K. Heated with chloro¬ 
form in presence of aluminium or zinc chlorides, it 
yields Acbidinm, It is used in the preparation of 
dye.s; e.g. Dipujunylamink Bi.ub is mude by heating 
dipbeiiylamine with oxalic acid, which gives COj. 

SKHCCJl^), CO.,=('' ^r:«lI,NI-lC„Il, + 20,0. 


See also Tnor^oLlNES. A a diition of dipbenylamine 
in concentrated .sulplmric acid is a very sensitive 
reagent for nitrites, nitrates, or chlorates, with all 
of which it gives a deep blue colour. 


Diploi'dion or Diplols {Archtrol.) A chiton or 
tunic worn by tJreck women. The portion of the 
garment above the waist was double, and tlie outer 
fold hung loose. The term is sometimes applied to 
this outer fold itaeJf. 


Dip of the Horizon {Astrou., rto.) If an observer 
be placed some distance aliovc the surface of the 
earth, the most distant point widch he can sec is the 
extremity of a line drawn from his e.-se at a tangent 
to the earth. The angle which thi.i line makes with 
a horizrmtal plane through the eye is called the Dll* 
Oi’ THE IloniZON. 


DippeTs Oil. Hone Oil {q.v.) 

Dipping {Pot.) The process of immersing the 
liisque ware in the liquid giaze, which is melted upon 
tlie ware subsequently in the glost oven. 

- {Chew. Eng.) Immersion in an acid bath 

prior to electroplating or gidvanising. 

Dip Pipe {Gas Manufac.) See Gas MastjS'AC- 
TCBB. 

Dipropargyl {Chew.), CH : C . CH*. CH^. C ■ CH. 
A mobile liquid with penetrating odour, and boiling 
at 86°. It is isomeric with benzene, C,Hj, but differs 
from it by tlie ease with which it polymerises, com¬ 
bines with bromine, and undeq^oes oxidation. 

Dipteral {Arehitect.) A temple which has two 
row.s oi columns on each of its long sides. See also 
rSKUDO-DlPTEBAL. 


Dipterooarpace» {Botany). A dicotyledon order 
belonging to Imlia. The trees all contain rosin, 
and yiehl many economic products. See Camphob. 

Diptych {A rolueol.) (1) A tablet consisting of two 
leaves connected by hinges, generally made of metal, 
wood, or ivory. The inner snifaces were covered 
with wax, and'ujxm these the ancients wrote with a 
stylus. (2) The ornate tablets distributed by the 
consuls to commemorate their tenure of office, and 
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laeaiiag <^elr luoaes 9 ad portxaits. (3) A poUio 
i«gister or list of tlie names of consnls and other 
magistiates. 

mjf^ohiBoeletiaitieaX). (1) A register of martyrs, 
bishops, and other orthodox persons, living or dead, 
mention^ In the prayers of the Ohnrch. (2) The 
intercessions in the coarse of which the names were 
mentioned. 

— (Art). ■ A painting or other work of art, 
generally an altarpieoe, in the form above described. 
Set- TBtPTYOH. 

Direct (^Mutie). A mark {w) placed at the end of 
a stave on a line or space to indicate the note in the 
following corresponding stave. 

Direct Cotton Dyea. See Dybb and Dtbing. 

Direct Proeesa (^Met.') The production of wrought 
iron (or steel) from the ore without the usual inter¬ 
mediate stage in which ca.st iron is produced. 

Direct Spokes ( (7y<?l0x). Those which arc radial 
to the axis of the Avheel. Cf. Tangent Bpokbs. 

Direct Vision Spectroscope (^Phye.) See Bfeo- 

'TKOSCOPB. • 

Dirk (Arwwmr). (1) A dagger or ponianl formerly 
used by Highlanders and still worn as part of a 
IIi|rhland costume. (2) The small sword formerly 
worn by junior naval officers. 

Dirty Proof (Typeg.) Proof sheet having many 
corrections, owing to mistakes in composition. 

Di-saocharides {Chem.') See Caiibohyukatbs. 

Disc or Disk. (1) A hat thin circular plat e of any 
material. (2) In body armour .a plate of metal for 
protecting the body at certain joints of the armour: 
a Roundel. (3) The surface of tljc .sun, moon, 
or a planet as it appears jjrojectefl in the heavens. 
See Diacua. 

Disc Armature (Eket. Eng.') See Abmatdbbs. 

Disc Crank {Eng.) A crank formed by a disc of 
metal keyed on the crank shaft. The crank pin is 
fixed near its periphorj*. It i.s simpler to make and 
more easy to bJilauce than an ordinary crank. In 
many petrol motors the pair of flywheels forms the 
disc crank. See Phtuol Engines. 

Discharge (.E>hI-) (1) liquid flowing from a 

pump, etc. (2) The rate of flow of the same liquid ; 
that is, the amount passing in a given unit of time 
(minute or second, etc.) 

-y Electric. In general, the loss of charge 

by electrified bodies, or the flow of electricity 
along any jjath, but tacitly limited to those cases in 
which a dielectric forms part of the circuit, and the 
disclilirge therefore becomes more or less disruptive, 
giving visible phenomena, such as a brushlike glow, 
succession of sparks, vacuum tube effects, etc. 

Discharge Valve (Eng.) A valve through which 
the Disohabok (g.v.) leaves a pump : used in steam¬ 
ships to permit the Cibculating Wateb to escape. 

Discharging Arch (Bu'M.) An arch built over 
a Lintel (q.v.) to relieve it of the weight above. 

Discobolus (CloM. Antiq.) A thrower of the 
Discus or quoit. The term is applied also to a .statue 
representffig a man in the act of throwing the discus. 
It was a favourite subject with ancient sculptors, and 
there are several admirable statues extant. 

Discoloarlllg (Bee.) A defect in enamelled work 
(y.w.), in which white enamel becomes somewhat 
yellow, due to either an improper selection of white 
pif^ent or driers used in the manufacture of the 
«nameL The defect cannot be remedied. 


Diseomtootiiig Vrap* 

(Syyiene), Tbepnrpoteof 
a disconnecting tn^ is to 
prevent free communica¬ 
tion between the air of the 
public sewer and the air 
of the house system of 
drainage. It should be 
fixed at a point as distant 
as may be practicable from 
the building, and as near 
as pacticable to the point 
at which the drain may be 
connected with the sewer. 
The trap should be self 
cleansing, not too large, 
free from all mechanism, 
and provided with an 
efficient “ seal. ’’ To obtain 
access for inspection pur¬ 
poses it is desirable that 
the disconnecting trap 
should be fixed in a man¬ 
hole. 



DlSOOliOUTB OF Nauctdbs, 
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DiBOonneotoF (Build.) 

A-c Disconnecting Tbap. 

Discord (Mmie). A 
chord requiring resolution and often preparation. 
Discordiint intervals are all intervals, except those 
given us CoiiCOHUAHT(q.v.) AZweaZleflfDISSONANCES. 


Disc Piles (Civil Eng.) Piles (q.v.)m the form of 
a hollow tube of cast iron, furnished with a broad 
flange forming a foot at the lower end; need in 
sandy ground. The sinking is accomplished by 
scouring out tlic sand under the fortt by means of 
a jet of water under pressure, which is forced 
through a pipe running down the inside of the pile. 


Discs of Armature Cores (Elect. J^.) Thin 
sh(>et iron of the best quality (e.y. Swedish charcoal 
iron), from ‘04 to ‘08 in. thick, is stamped into discs 
of suitable form for building up the armature cores 
of dynamos and motors. 


Discus (Arelueol.) A disc, generally of metal, used 
in ancient Greek and Roman athletic games. Seet^i 
Discobolus. « 

Disc Valve (Eng.) Usually a disc of rubMr, 
fastened down by a bolt through the centre on a 
flat scat containing perforations. Liquid can rise 
through these openings, the disc of rubber lining 
and thus providing a passage. * 


Disc Wheel (Eng.) A wheel without any radial 
arms: it may have a thickened boss and rim, or be 
of uniform thickness. 


Disei^aging Gear (Eng.) Levers, etc., for operat¬ 
ing Clutches (q.v.) 

Dished (Carp.) A hole in a board is said to be 
dished when the edge is bevelled. 

Dishing (Eng., ete.) A formation often given to 
wheels and discs in which the centre lies out of the 
plane of the rim; greater stiffness i.s gained b;|^sing 
this form. 

Disinfectants (Hygiene). Substances capable of 
destroying the specific organisms which cause disease. 
Their mode of action may be either physical or 
diomical. Belonging to the former class is heat, 
which is the best disinfectant, especially moist heat. 
Among the chemical disinfectants are perchloride 
cf mercury (corrosive sublimate), formalin, carbolio 
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acid (phenol), snlpbur dioxide. Ksinfeotants, to 
be effectual, must be of sufficient strength and 
thoroughly applied to the articles or rooms under¬ 
going disinfection. See SAKlTATl03!r. 

DiBintegratora {Chem. Mig,, etc.) Macliines for 
grinding dry substances. Most modem types do not 
grind, but disintegrate by concussion; i.e. two con¬ 
centric discs with projecting steel arms or “ beaters ” 
are rotated in opposite directions in a beating 
chamber or casing, into the top or side of which the 
material to be pulverised is fed. There are many 
variants of this type, differing mainly in the dis¬ 
position and driving of the beaters. 

Disi^rsion {lAght). The splitting up of a beam 
of white light (or other composite light) into its 
component colours by some method depending upon 
the variation in the refractive indices of the latter. 
See Spbctbum, 

;-y JbiomalonB. Some substances used as 

prisms produce a dispersion in which the order of 
wave lengths is not the same as that produced by a 
glass prism ; 6.g. a solution of fnehsine deviates rod 
light more than violet. These anomalous effects are 
always dependent ujion the existence of absorption. 
Thus light waves failing upon a glass prism probably 
set the molecules in vibration, but as their natural 
period docs not coincide witli that of any of the 
visible waves of light, the result is a forced vibration 
of small amplitude, and very little liglit is absorbed. 
But if the natural period of some constituent of the 
prism is the .same as that of some wave length in the 
incident light, then the result is “resouance,” aud 
that particular wave length is alworbed; ^.e. the 
refractive index for it becomes infinite, and an 
absorption band is produced in the spectrum. It is 
only natural to expect that abnormal effects should 
occur for those wave lengths which are just too great 
or just too small to give resonance, ami as a matter 
of fact experiment and theory show that the refrac¬ 
tive index is abnormally increased for tho.se wave 
le^^hs which are just too great, and abnormally 
diminished for those wave lengths which arc just too 
small. Hence the order of colours is changed. 
These effects are somewhat difficult to ob-serve, as 
they are generally produced by strongly coloured 
substances, which necessitate the use of jjiisms of 
very small refracting angle. 

Displacement (^Meeh.) The amount a body has 
been moved from any given position. 

- {Eng.) The space swept through by a 

piston in each stroke: it equals the area of piston 
multiplied by the length of stroke. 

Diaplaoement Cylinder {Sng.) An auxiliary 
cylinder (used in certain forms of gas engine) in 
which the charge {g.r.) Ls compressed previous to 
entering the working cj Under. See also Gab 
EsaiKBS. 

Displacer Piston {Eng.) A piston occasionally 
used in gas engines for driving out the burnt gases 
from the working cylinder. 

Displayed {Her.) The wings of biitis of prey 
are “displayed” when they appear spread or ex¬ 
panded ; for other birds’ wings so expanded the term 
is “ disclosed.” 

Display Work {Typog.) Type displayed or not sot 
solid, as in .Iobbino Woek {q.r.), titles, heads, etc. 
!nie object is to attract attention. 

Disposition {Paint., etc.) The judicious arrangc- 
Qient of figures, etc., in a picture, or of the several 
parts in a building. 


Dissipation of Enei^ (Pkgs.) The process by 
which the total amount of avs^ble energy is con¬ 
tinually being diminished. For example, when fuel 
is burnt to work an engine, the rejected heat, or 
heat which is not conveii^ into work, is allowed to- 
escape; and though it may contribute to the raising 
of the temperature of the air, or of neighbouring 
objects, it cannot be recovered and utiUsed. It has 
not been destroyed, but it has ceased to be available. 

Dissociation {Phye., Chem.) When certain sub¬ 
stances are placed under suitable conditions of 
temperature or pressure or solution, the mokcnles 
composing them arc resolved into simpler molecules, 
atoms, or ions; and when the original conditions 
are restored the original substances are reproduced. 
This phenomenon is called dissociation. If am¬ 
monium chloride (not absolutely dry) be heated, Its 
vapour is found to weigh half as heavy as wo shf>uld 
expect it to do if it consisted of molecules of the 
formula but exactly what we should expect 

if it consisted of equal numliers of molecules of 
ammonia and hydrochloric acid gas, formed by the 
decomposition of the ammonium chloride according 
to the equation NH^Cl = NH, + HOI. When the 
vapour is cooled the ammonium chloride is repro 
duced. In the state of vapour, therefore, ammonjum 
chloride is dissociated. Examples of substances 
which undergo a like cliange arc: Imline at 1500“, 
I, = I + 1 ; yfijospliorus at 1750°, = Pj + P„; 

hydriodic acid, 2111 = II „ + T^, aiiove 1.50°; nitrogen 
peroxide, = NO, + KO^; .and many others. At 
a given temperature each gaseous product of dis¬ 
sociation exerts a d<-tlnite pressure called the 
Dissociation Pbessuee; if at this temperature 
the pressure of a constituent be increased and kept 
al)Ove the dissociation pressure, tiie original sub¬ 
stance will be reproduced and no dissociation will 
be possible. Salts of weak acids and bases undergo 
dissociation in a precisely similar manner on solution 
in water. Any acid, base, or salt whose solution 
in water is .a conductor of electricity undergoes 
ElixjtboIiYTJIc dissociation when dissolved in 
w'atcr. For example, common salt (NaCl), when 
dissohcil in water, is rc.solved to an extent dcjiending 
on the strength of the solution into the ions {nee 

Ions) Na and Cl. The undissociatcd part and the 
ions obey the law of mas. action {nee Mass AcTtON), 
so that if the quantity of salt be put = 1, and the 
dissociated part = a, and the volume of the solution 

a~ 

containing one gram molecule v, we have k = j- - — 

V 

Where J is a constant depending on the nature of 
the dissolved sub.stance, it is called the Dissociation 
Constant for the i)articular substance. 

Dissociation Coefficient {Elect.) See Ionisation 
Coeffioient. 

DisBolYing Lantern or Dissolving Views. The 

exliibition of slides in such a manner that one view 
fades away and another gradually becomes visible. 
This is effected by the use of two (or more) lan¬ 
terns focussed simultaneously on the screen. The 
light from one is gradually obscured, either by 
interposing an opaque screen or by turning off the 
supply of oxygen gas; this causes the image of the 
slide to fade away, and meanwhile the reverse 
process is gone through with the second lantern, 
and the image produced by it grows in intensify till 
the full amount of brilliancy is attained. 
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JHilonanoe {Sound), The effect produced bj two 
uotea whose uequencies are such as to produce 
BsArrs Cg.v.) Also termed a Discobd (^.v.) in innsic. 

Distaff (AroA<e()2.) A staff about 
3 ft long, round one end of which 
flax or wool for spinning was 
wound. The ancients used a cane, 
split at one end. and formed into a 
receptacle for the material to be 
spun. In spinning, the distaff 
was held under the left arm, the 
wool or flax being drawn from it 
through the fingers of the loft 
band, and twist^ spirally by the 
thumb and forefinger of the right 
hand. The operation was aided 
bya^spindle attached to the end 
of the threail, and wlilcli hung 
down. When the spindle touched 
the floor the length of thread 
was wound round it, and the 
operation repeated. In Art the 
distaff is aometiincs employed a.s 
a symbol of the female sex and 
female authority. iSna Ootton, 

Linen, Sii.k, Woollen Manu- 

FACTUHH. 

Distance (Paint) Tlie effect obtained by con¬ 
trasting the darker tunes and richer colours in the 
foreground of a picture with the lighter tones and 
more delicate colours beyond ; and by maintaining 
the correct diminution of scjile-*—in accordance witli 
the laws of perspective—in the object."' reprcsenteii 
as (bey recede from the eye. In a landscape the 
dislunce and niiildle distance are the pjtrls of IL.' 
composition wliicli arc not occupied by fore'ground or 
sky : they arc assumwl to be comparatively remote 
from the ob.server. 

Distance of Visible Horizon or Offing (Agtron.) 
Stic Ofeink. 

Distemper (Dec.) A water paint used principally 
for pla^ter and sluctio work, .and made by mixing 
whiting (q.r.) with water and some adhesive sub¬ 
stance such as size, and with or without the addition 
of colour. Distcmjieriug is the chca])est process of 
painting ; it is free from gloss, and capable of giving 
very artistic effects. Scenic artists use distemper 
almost exclusivc'ly, while jUl wallpapers excepting 
those known as Sanitaries ( q . v .) are printed in 
distemper colours. On onlinary walls and ceilings 
distemper is applied over a coat of claircolle (j".®.) 
Only one coat is git'en, and this mu.st be applied quite 
evenly, so as to avoiil patches. Some colours cannot 
bo used in distemper, as the lime in the plaster 
destroys them. The following is a list of the colours 
which may safely be employed, and from them can 
be obtained any shade, tint, or hue, intduding black 
and white;— \i%itcs: Baryte.s, blanc fixe, whiting, 
satin white, zinc oxide, litliopone. Or^s white, 
gypsum, terra alba, china clay. Cnlours: Yellow 
ochre, sienna, umber, Vandyke brown, cadmium 
yellow, vermilion, red lead, red oxide, red ochre, 
Venetian red, Indian red, light red, ultramarine, 
cobalt bine, olirome green, cobalt green, emerald 
green, malachite green, and all black pigments. 
During the past few years wa,shable distempers have 
increased in use very considerably. Tliey are made 
in a large variety of permanent colours, and in 
some oases may be applied to wood and varnished 
over. 


Distemper or Tempera (Paint.) (1) A method of 
painting in which opaque colours are used mixed 
with water and with some glutinous substance soluble 
in water— e.g. size, yolk or white of egg, etc. .^Tlife 
painting is executed upon a ground of ^alk or Ary 
plaster (gesso), which is generally spread upon wooa, 
but sometimes upon canvas. Ibis method is to be 
distingnished from fresco, in which the colours are 
applied to a fresh and moist surface of plaster. (2) 
The term is applied likewise to the pigments used in 
this process. See Painting, Methods op. 

Distillation Chem.) The process of heating 

a substance in a vessel until it boils, conducting its 
vapour into a cooling arrangement called a condenser, 
and collecting the condensed vapour in a receiver. 
The object of such a process is: (1) To separate a 
liquid from any dissolved solid it may contain; e,g. 
when tap water is distilled the solids, such as calcium 
carbonate, which it contains are left in the still, and 
very nearly pure water is obtained in the receiver. 
(2) To separate a more volatile liquid from a less 
volatile. (3) To separate a volatile product obtained 
in a chemical reaction from other le.sa volatile pro¬ 
ducts ; e,g. when potassium nitrate is distilled with 
sulphuric acid, nitric acid is produced, and, being 
more volatile than any other substance present, it 
distils over alone at a moflcrate temperature. As the 
boiling point of a liquid depends on the atmospheric 
pressure, and some liquids undergo decomposition at 
(heir boiling points, it is necessary to rlistil such 
liquids under reduced pressure. This is done by con¬ 
necting the receiver to some form of air pump, so as 
to reduce the pressure in the apparatus to the desired 
degree ; e.g. Imvulinic acid boils with decomposition 
at 23!)° under ordinary pressure, but under 12 mm. it 
distils unchanged at 144°. In some cases it is possible 
to separate a mixture of two liquids of different 
bf)iling points by a process of FRACTIONAL Distil¬ 
lation. in (his process the distillate is collected in 
fractions as the boiling point of the mixture rises. 
Suppose we have a mixture of equal parts of benzene 
(B.I’. SI®) and toluene (B.P. 110°); collect fractions 
every’ o’ from SO up to IICP; now redistil fraction 1 
(SO to S5°), most of it pa-sses over below 85°. At 
85° atld fraction 2 (85 to 00°), and again distil ; 
some will pass over below 85°, and i.s collected in 
80 to .*<5° receiver. Now cliange receiver and collect 
85 to 90° fraction, and so on. After three or four 
operations it will be found that the lowest and highest 
f rad ions are much the greatest, and consist of 
benzene and toluene resiieotively. Numerous organic 
liquids placerl in w’atcr and submitted to the action 
of a current of steam from boiling water will distil 
over with (he steam, even though the liquid have a 
much higher boiling point than water. This is called 
Distillation in Bteam. A very important instance 
of this is found in the preparation of aniline (q.v.), 
where the aniline has to bo separated from a solution 
of sodium .stannate and sodium chloride by distilla¬ 
tion in a current of steam. Destructive Distilla¬ 
tion is sim]fiy heating a substance out of air so as to 
decompose it and collect the products of decomposi¬ 
tion. The preparation of dial gas and coal tar is an 
example of destructive distillation. 

Distillation in Steam (Ohem.) See Distillation. 

Distortion (Astron.) The change of shape of the 
sun and moon when near the horizon owing to 
differential refraction of the upper and lower limbs. 

- (Photo.) The production of an image 

of incorrect form, due to the SPHERICAL Abbbba- 
TiON ( g . v .) of the lens, tilting of the camera, etc. 



DiSTAII' and 
SI'IVIjLE. 



Ollfapen {ting.) Excessive stiaia in a lixactuce, 
caused by undue loading. 

Distribute iTypog.') To ie|>lsoe type (after print¬ 
ing) in the case^ each letter, etc., being returned to 
its proper comportment, ready for resetting. 

Distributed Load (jS%„ etc.) A load which is 
spread out over the whole of a beam or other 
inember of a struotoxe. A wall carried by a girder 
is an example; the weight of the wall is spread out 
over the whole of the girder. 

DIstyle {Architect.^ Having two columns. The 
simplest form of Greek temple is known as Disttlb- 
IS-Axtis. In this form of temple there arc two 
columns between the antae. See Anta, Tbtba- 
8TT1.B, DEOASTTUO, HEXASTYLE, aiMi OCTABTYLB. 

Ditriflyph {Arehiteet.') An arrangement of the 
Doric frieze and intercolumniation so that two 
triglyphs are obtained between those immediately 
aTOve two adjacent columns. This necessitates a 
wider intercolumniation tlian the usual arrangement, 
in which there is only one triglyjih over the space 
between two columns. See Tbiolvph ; Akohtteo 
TUEB, OnnEBsop; Entablatdbe; Monotkiolyph; 
and Tbitbiolyph. 

Diurnal Haage (Mstearol.) Applied to the changes 
which occur during the day (twenty-four hours) in 
temperature, atmo.spheric pressure. ct<\ 

Divalent Elements (Cfirm.) See Valency. 

Divided Bearing A Beabikc (^.v.) in 

which the IlCSH, or part which provides the actual 
bearing surface, is divided into two (or occasionally 
more) parts. These parts can be adjusted to take 
up wear, as in the common I'IjUmmee Block (<?.»>.) 

Divided Piteh (E’ay.) The distant^ from one 
thread to the next in a multiple-threaded screw 
If there are n threads of pitch 2, the divided pitch 


Dhriders. Compasses used solely for measuring 
off distances. They are often provided with a 
screw adjustment. 

Dividing Engine {Phje., Eng., etc.') A machine 
for ruling scales. The subdivision of the funda¬ 
mental measurements usually depends on an accu¬ 
rately cut screw furnished with a graduated head. 

Diri-divi (Botany). A valuable tanning material 
consisting of the pods of Ccesalpinia coriaria (order, 
Legnminoita!). which are very rich in tannin. See 
alto Dyes and Dyeing. 

Divinity Calf (^Binding). Dark brown calf, finislied 
in blind tooling or antique. 8o called from its use 
being almost limited to theological bwks. 

Divlil, Divided (JUn.^le). An orchestral term im¬ 
plying that the instruments playing the part so 
marked Are to divide into firsts and seconds. 

Dlvlrion Peg or Point (Ejig.) The peg which 
holds a Division Plate (g.v.) at rest in any 
required position. 

Division Plate (Eng.) In lathes tor ornamental 
and special work a plate is fixed on the mandrel and 
divid^ into a convenient number of parts by rows 
of holes arranged In concentric circles. The man¬ 
drel can then tnrned through a definite fraction 
of a revolution and fixed by means of a pin, termed 
the Division Peg, thus enabling drilling, etc., to 
ho carried out on the work at definite points round 
its circnmferencc. The work remains fixed, and is 


acted on by the drill, milling cuttm', oto., whirii ntay 
be driven from an Ovebhead MOTION {g.v.) The 
number of holes in the various rows varies. A gtesl 
set should include 96, 100, and with some 
number of which seven is a factor, ^hers ni&y be 
added if, the plate be large enough. 

Do (Mmic). The sol-fa syllable for C, 

Dobbie or Dobby (Cotton I fearing). A machine 
which takes the place of a tappet, and prudnoes more 
elaborate w'caves. Its capacity for pattern produc¬ 
tion is also much greater. There are numerous types, 
some of which are positive and others negative in 
their action. The following are the chief: Ward's, 
Keighley, Blackburn, Burnley, Dobeross, CaGow. 

- (Silk Manu/ae.) A small machine placed at 

the top of power loom, for raising and depressing 
the dlEDDLBS (q.v.) according to the tie arranged 
upon it. Used only for plain fabrics such as twUls, 
satins, checks, etc. 

Dock Gatos (Civil Eng.) Watertight doors of 
wood and metal, generally made in tw'o parts 
which are hinged at tiie outer edgd; and provided 
with sluices. Tliey are usually operatoii by hydraulic 
power. 'J'o enable the gjites to withstand the pres¬ 
sure of the water, they are so hung that they meet 
each other at an angle wh.on closed, the apex of the 
angle being directed inwards, i.r, towards the aide 
on which the water is highest. Tlie greater the 
pressure of water the greater the force with which 
the gates are kept closed. They can only bp ojiened 
when the level of the water is the same (or very 
nearly so) on both sides of the gates. 

Docks (Civil Eng.) Enclosed spaces for the 
accommodation of ships; they communicate witli 
the water in the outside channel bj- means of Dock 
Gates (q.v.) lnst.ead of opening directly to the 
channel, these gates may open into a tidal basin 
(q.r.) If a dock can be emptied of w.iter to permit 
of repairs to the ship’s hull, it is termed a Dby 
Dock. 

Dock Walls (Civil Eng.) Massive walls of concrete 
or masonry; a space between the wall and the 
ground behind is usually excavated, and filled in 
with haul material, well rammed in. If the ground 
below i.s treacherous, the foundations of the walls 
may rest on Piles. 

Doctor. The technical name for a copper soldering 
iron or bit. 

- (('hem. Eng.) The scraper attached to the 

last roller of a plodding machine (q.v.), which re¬ 
moves the soap in strips or ribbons. 

- (Paper Namt/ae.) A fiat iron bar used for 

keeping Pbess Bolls and Dbying Cylindebs free 
from small fragments of paper. 

Dodder (Botany). Cmnuta. A genns of the order 
Ctuvolvulaoeo!, which have become parasitic on 
many plants. They are leafless and rootless, and do 
much damage to their hosts. 

Doeskin ( Woollen Manufac.) Fine woollen cloth 
with fibrous face, the weave being five or eight end 
sateen or doeskin. It is the reverse of the buckskin 
(q.v.) both as regards twill effect and finish. 

Doffer (TewtUe Manvfae.) A wire-covered cylinder 
or drum (about 24 in. diameter) on carder at the oppo¬ 
site end to licker-in, which collects the carded fibres 
from the large cylinder in the form of d thin sheet 
or Web, prior to being contracted into a Slivbb 
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<»:v.) Also anpfied to the att^dont who^'dadb” 
the full bobbixie on fij and e^pinning frames, and 
re^laoes with empties. 

, (^Ttatile Manvfw.') The process of 
removing the material in carding, and also in 
removing the yam from the spindle in spinning. 

Di^dl i^Zooloqy'). The flesh of the dogfish 
CSoyUium oanioula; family, Scyllidee') is used as 
food in a hresh or dried state. The skin forms a 
kind of shagreen, used in wood polishing. 

Dotf Legged Staips (JoiM.) Stairs which have the 
outside strings vertically above each other. 

Oogi iCa/fp„ etc.) Iron cramps used for drawing 
np glued joints. 

- {£ng.') (1) The jaws of a chuck or similar 

device for bolding work. (2) A lathe Cabbieu 
iq.v.) 

Do^t Ear (Plumb.) The comers of a load tray 
turned into a fold. 

Dog’s Tooth (Build.) Bricks laid with one 
comer projecti^, in a brick cornice. 

Dog-tooth (AreJiitfict.) Tlie characteristic oma- 
meqt of the Early English style, generally used in a 
hollow moulding. Tooth Obnamekt. 

Dog Wheel (Bug.) A Eatcuet Wheel. (§.v.) 

Doh (Mumc). The first degree or note of the 
scale in the Movable T)ou or Tonic Solfa system. 

Dolahra, dimin. Dolabella (Archrcol.) A catting 
instrument: chisel, celt, axe., varying in shape 
according to the purpose for which it was used, 
i'h’nate dolahrae were used by the pontifices for 
slaughtering the sacrifices. Caxlon refers to the 
dolabre (adze) as the trademark of carpenters. 

Dolce (Aiusic). Sweetly. 

Doldrums (Atet.) The equatorial region of calms 
between tlio surface winds of the two hemispheres. 
The position of this region varies a little, hut it 
is a little to the north of the terre-strial equator. 

Dolente, Con Dolore (ATusic). Sorrowfully. 

Dolerite (Gml.) An intrusive rock of basic com¬ 
position, in which a glassy or litboidal ground mass 
is either absent or occurs only in small quantity. 
Tho structure is ophitic; i.e. the felspars, which htive 
been formed at an early stage, are envelojicd within 
the (later formed) pyroxene. The essential consti¬ 
tuent minerals are: (1) Labbadokitk, usually in lath 
.shaped crystals; (2) a Tyboxenb enclosing them; 
(3) some Ilmenitb ; and (4) commonly some 
Olivisb. Tlie rook never occurs as a lava, but 
usually either as a sill or a dyke. 

Dolium (Arck^ol.) A large earthenware jar, 
spherical in shape, used by the Homans for holding 
win^ oil, com, etc. Vessels of this character are in 
use in India at the present day. 

Dolly (Cycle Manvfae., etc.) A soft mop, rotated 
at a liign speed on a polishing head, for putting the 
final polish on work to be plated. 

- (Bug.) The tool used for holding up the 

bead of a rivet while closing or riveting up. 

- (Mining). A heavy' tool (often of wood) 

used for cmshl^ minerals. 

Dofanea (Arehaiol.) A French name for a pre¬ 
historic structure conristiiig of two parallel rows of 
upright stones with large stones placed horizon¬ 
tally across them, forming a passage: a Cbohlbch. 
See Pbbhistobio Abohitectuhe, 


Dabraoite %Min.y Catelum magztariaiiii earberndto, 
CaMg(GO,V oooiffB in rhombohedzal cxytials, 
the fa^ <x which are usually carved; ooloiir wldte, 
yellow, pink, brown, to almost black. Also niaa^ve 
(Maokbsiait Liubstohb). Does not etbtvmoe 
with 20 per cent, hydrochloric acid in the cold, but 
docs when warmed in it. Iron may replace the 
other bases to almost any extent; the darker and 
mure curved specimens usually contain the greater 
amount of iron. A limestone that has been dolo- 
initised is of less balk than the original, and often 
shows peculiar structures due to molecular rearrange¬ 
ment. Magnesian limestone is a good building stone, 
tis it is so slowly aflEeoted by weathering. Some of 
the massive varieties are used in making hydraulic 
cement. Its distribution is very wide. 

Dolphin (Art., etc.) (1) A conventional figure of a 
species of cetaceous mammal, having a large bead. 
They are especially used as decorations on founl^na 
(2) In heraldry they are represented with the bodies 
bent in a semicircle. (3) A French gold coin at 
one time current in Scotland. 

- (Bbologg). The dolphins and porpoises belong 

to the family'Belphvnida of the mammalian order 
Cetacea. Many species—for example, the bottle¬ 
nosed dolphin of America—yield a valuable oil. 


Dome (ArchUeet.) 

The cupola was one 
of the characteristic 
features of the Italian 
dtwmo (cathedral), and 
the term dome was 
taken from the name of 
the building, and usetl 
to denote the cupola 
typo of roof. See 
Cupola. 

- (Bug.) A dome¬ 
shaped chamber on the 
head of a boiler, sup- 
po.sed to increase the 
steam ; pace and collect 
dry steam. Is gradually 
being discardecl in favour 
of a Dry T’ipb ( g . u .) 

Domeykite ( Min .) 

Arsenide of copper, 

CUjAs,. Copper —71'63, arsenic=2S-57 per cent. It 
occurs in tin white octahedra. More often in reni- 
form masses. It occurs at Coquimbo and at Copiapo 
in Chili. 



Domc, St. Paul's. 


Dominant (Music), The technical name of th^ 
fifth note of a scale. Its frequency is one and a bal^ 
times that of the Keynote (q.v.) 

Dominant Tone (Paint.) A term used to; describe 
the principal or predominating colour or tone in a 
picture. 

Dongola Leather. Goatskins tanned by a com¬ 
bination of vegetable and mineral tanning agents, aa 
alnm and salt followed by gambler or other vegetable 
tan, or chrome salts followed by vegetable tan; or, 
viee versa, vegetable tan followed by alum or chrome. 
Dongola leather is now made from calf, sheep, and 
spilt hide, as well as goat. 

Dopjon (Arehawl.) Tlie principal tower or inner¬ 
most keep of a castle, usually built on a natural or 
artificial mound. It served as the last retreat of-tlie 
garrison in cose of necessity, its lower part being 
used as a prison. Known also as the Keep, DONaroK 
Keep. Toweb. 
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Donkey Bn^boe A small aoxiliaiy engine 

used to drive the feed pomps, oiroolating pumps, 
and other subsidiary macWery on a steamship. 

Dopplw’s Prinoiple CPhyt.") When there is any 
relative motion between a source of sound and a 
listener, the number of waves received per second 
is different from that corresponding to the actual 
frequency of the source, and hence the apparent 
pitch is altered, being increased for motions of 
approach and diminished for motions of recession. 
If V = velocity of sound, Vg = velocity of source, 
e, = velocity of listener, n — actual frequency of 

( V "4* ^ \ 

the upper signs signifying approach. The principle 
has only theoretical interest in the case of sound, 
but it is true for wave motion generally, and its 
application to light has been of the highest import¬ 
ance, as it enables the velocity of stars and other 
heavenly bodies in the line of sight to be measured 
by the displacement of their spectral lines. 

Dorian (ilfMic). See Modeis. 


Doric Order (_Arch.i- 
teet.) The earliest and 
most severe of the orders 
nsed by the Greeks. 
See ABCHITBCTtTKE. 

Obdbbs ok. 

Dormer Window 

(^Arcliiteet.) A vertical 
window formed in and 
projecting above the 
surface of a .sloping 
roof. The rooms which 
receive light from win¬ 
dows of this form arc 
usually sleeping apart¬ 
ments ; hence the name. 

Domiek ( Textiles ). 
See Diaper. 

Dorsed (Hrr.) See 
Avkksant. 

Dorse, Dorse], Dos¬ 
sal, Dossel, Dosser 

(^Furniture'). (1) Orna¬ 
mental cloth, frequently 
tapestry, hung at the 
back of a scat, or used 
to cover the back of a 
chair, esijeoially a throne 
or chair of State, or 
forming a canopy or 
curtain at the back of 



such a seat. (2) An 

Dobic-Greek, Tempi.e of 

ornamental cloth, Tuimeus, Athens. 

usually embroidered, 

hung at the back of the altar or at the sides of the 
chancel. (3) Hangings placed round a hall or on 
the walls of a room of State. (4) In some churches 


the backs of stalls are ornamented with carvings 
in imitation of such hangings. See Linen Fold. 


Dot (Mime). (1) Placed after a note or rest, it 
adds one lialf the value to the note or rest. Each 
succeeding dot is one half the value of the preceding 
dot. (2) Placed over or under a note, it makes th.at 
note half note half rest. See Staccato. Two dots 
'^placed at a double bar (;|| or ||:) show that the 
section on the side of the dots is to be repeated. 


Dot (JPUigtering,) * A small dab of plaster to serve 
as a guide for the rule in forming a Sobbed 

Doubli (Binding). A style introduced from 
France, in which coloured morocco leather iaused 
on the insides of the cover instead of board papers. 
The insides are elaborately finished, frequently with 
a dentelle (q.v.) bonier, while the outside is com¬ 
paratively plain, with only a few lines in. blind 
tooling. 

Double Acting En^e (Fng.) An eaglne in 
which the steam (or gas) acts on each side of the 
piston alternately. All modem steam engines were 
of this type till the introduction of very high speed 
steam engines fur coupling direct to dynamos 1^ to 
the revival of Single Acting Engine's (^.u.) 

Double Acting Pump (Fng.) A pump in which 
the piston is forcing w.ater on one side while drawing 
water into its cylinder or barrel at the other ; in the 
return stroke the process is reversed. Such a pump 
requires valves working in a manner similar to that 
of a steam engine; they must, however, remain open 
right to the end of the stroke. 

Double Acting Steam Hammer (&^.) A Steam 
Hammer {q.v.) in which steam can be used above 
the piston to intensify the blow. , 

Double Bar (Music). Two perpendicular lines 
across the stave showing the end of a movement or 
section. 

Double Bass. S-e Musical Instruments : 
String (by Bow). 

Double Beat Talve 

(Fug.) A valve of circular 
plan, with two concentric 
seating faces. fS?/’F igure. 

The, pressure on this form 
of valve is much less than 
in the common lift valves 
oi slide valves, and it is 
ejisier to move. 

Double Belting (Fng.) 

Two t hickne.sses of Icathci 
sow n or otherwise fastened 
together to give greater 
strength. 

Double Broad (Typog.) 

Furniture double the width 
of broad, i.e. eight picas in 
width. 

Double Butted Spokes Double Urat Vaui:. 

( Cychs). Spoke.s with the 

ends thicker than the central portion, for the purpose 
of making the joint with rims and hubs stronger. 

Double Butt Joint (Fng.) A butt joint with 
covering strips on each side; the rivets go through 
three thicknesses of metal. 

Double Cases (Typog.) Cases specially made for 
small jobbing founts, the upper and lower cases 
being made in one. 

Double Cone Moulding (Arohiteet.) A Nornlan 
enriched moulding, consisting of a series of truncated 
cones placed end to end. 

Double Contraction (Pattern Making), When 
Iron Patterns (q.r.) are used, the original wooden 
pattern from whicli the iron pattern was cast must 
liave all allowances for contraction doubled, as the 
iron pattern itself must have the ordinary con¬ 
traction allowance (i.e. must be larger than the 
final casting) in order to give the proper dimensions 
to the latter. 
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Double Gvovii. Tbe size of a printing paper 
wUoh Tneasures SO by 20 in. 

Ooublo Out File (.Eng.) The ordinary form of 
file, n^ich has two sets of teeth, one crossing the 
other. 

Double Cylinder Engine (.Eng.) An engine 
having two cylinders acting on the same crank 
shaft. 

Double Demy. The size of a printing paper which 
measures 35 by 22^ in. 

Double Driver Chuok (Eng.) A Daivsn (g.v.) 
with two pins, which act on each end of the carrier 
at once. 

Double Ended Boiler (Eng.) A boiler with a fire¬ 
box at each end : used in marine practice. 

Double Ended Bolt (Eng.) A bolt with no head, 
but with a thread at each end on which a nut is 
screwed. 

Doulde Faced Anshitrave 

(Join.) A moulding round a 
door or wiudovf opening with 
two plane faces, one sunk 
below the other. 

o 

Double Faced Hammer 

(Eng.) See Hammeus. 

Double Faced Skirting 

(Join.) A form of skirling 
(q.r.) built in two parts, (he 
lower jjart projecting in front of the upper part. 

Double Fagoted Iron (Eng.) Iron whicb has 
been put through the operation of fagoting (£.v.) 
twice over. 

Double Flat (Musk), A sign which lowers 

a note a whole tone. 

Double Flemish (J/tdld.) Flemish bond siiowing 
on both sides of tbe walk See Fi.KMISH Uond. 

Double Floor (f'ar/i.) A double fl.>or consists of 
Binijkrs, (’EiLixft Joists, JlKiiKUNa Joists, and 
Flooe Hoabijs (q.v.) See also Flooiis. 

Double Flued Boiler (Eng.) A Lancashibe 
Boinmi. See Boileks. 

Doable Foolscap. A size of paper. In printing 
paimr, 27 by 17 in.; and in writing paper, 2 «a by 
](5| in. 

Double Frame ('J'gpfg ) A composing frame 
usually made of deal and holding two pairs of cases 
at the same time. See (iASE. 

Double Gearing (Eng.) A train of wheels con¬ 
taining two pinions and two wheels. The Backgeab 
(q.v.) of a Lathe is an example. 

Double Headed Rail (Civil Eng.) The form of 
rail now used in most perniancnt ways; it can be 
reversed when worn, as the top and bottom are of the 
same cios.s section. 

Double Hung (Join.) Sashc.s that 
are hung with cords and weights. 

Double Imperial. The size of a 
printing pajier measuring 41 by 
30 in. 

Double Junction (Build.) A 
pipe with a branch on each side of it. 

Double Lath (Build,) A strip of 
wood f in. thicks Oocbi.e Jcnctiok. 


Double Letten (Typog.) Old face letters such as- 
dl, ft, and diphthongs M, (£, », <B,eta 

Double Margin Door (Join.) Where it Is incon¬ 
venient to have folding doors, and the opening is too 
wide for a well proportioned door, a door is con¬ 
structed with four styles, with a bead down the 
centre to make it look like a pair of folding doors. 

Double Narrow (Typog.) Furniture double the 
width of a narrow, i.e. six picas in width. 

Double Pica (Typog.) A fount two small picas in 
depth, and in size between paragon and two line 
pica. See Type. 

Double Ported D Slide Valve (Eng.) A special 
form of Slide Valve (q.v.) intended to facilitate 
the escape of the exhaust steam by means of ports, 
in the valve itself, wliich has a hollow cast in it of 
the form of a capital D- 

Double Post. A size of printing paper usually 
32 by 20 in. 

Double Pott. A size of printing paper which 
measures 2!S by 15 in. 

Doable Quirked Bead 

(Join.) A bead with two 
quirks (q.v.). 

Double Refraction 

(Phys.) A doubly refract¬ 
ing body is one in which 
the velocity of light is 
different in different direc¬ 
tions, instead of lieing 
independent of direction, as in glass or water. Singly 
refracting substances like glass may,howcver, be made 
doubly refracting by setting up internal stresses, by 
pressure, oi by unequal expansion. This variability of 
light-velocity with direction implies the existence 
of definite molecular structure. It occurs in all 
crystals except those belonging to the cubic system. 
Every such suljstance has one direction (Uniaxal 
O iiYSTALS), and many two directions (Bxaxal 
CRY.STALS), along which they behave to light as 
singly redacting substance.s, po.sscssing a definite- 
refractive index (called the Ordinaky Index). 
This direction is called an Optic Axis, and the 
two extremes of light-velocity occur for vibrations 
executed at right angles to the optic axis and along 
the optic axis respectively. The former velocity is the 
greater in “ positive,” and the latter in “ negative ” 
substances. When light passes through the sub¬ 
stance in any direction other than along an optic 
axis, it may be regarded as consisting of two 
portions, one executing its vibrations perpendicular 
to the axis and having a constant velocity and index 
(the OiiDiNAKY Ray), and another whose vibrations 
are at right angles to the former, and whoso velocity, 
and therefore index, depends upon the inclination 
of the ray to the optic axis. This is tbe EXTB-^v- 
OBDiNARY Ray, and its refractive index varies 
between the value for the ordinary ray and another 
value which is either greater or smaller than the 
former, accordingly as substance is “positive” or 
“negative.” If the substance be sufficiently thick, 
these portions emerge as two distinct rays which 
have undergone unequal refraction. 

Double Riveting (Eng.) Two lines of rivets- 
instead of one. The latter is more commonly used. 

Double! (Eng., eto.) Sheets of iron from about 
Vu to ^ in. thick, or 20 to 26 B.W.Q. (tee Wibb. 



Douw.k Kacm> AitCiii 

TKAAK. 





3 > 0 ¥ 


172 


B0W 


■Gaitgbb), prepared for coating with tin to nudce Tik 
PliATB {qM.) 

Bonble Samara {JSotamy. A type of fruit wbero 
the pericarp ia winged and the fruit breaks into two 
at more winged portions (e.g. maple). 

Doable Sharp iMtuie'). A sign ( x ) which raises 
a note a whole tone. 

Donblh Shear Steel (Met.) See Shbab Stbbb. 

Doable BhrinkoSe (^q.) See Double Cok- 

•TEACTION. 

Doable Stan (Aetron.) Btars whicii lie apparently 
80 near to each other that only a magnifying power 
will separate them. There are two classes, physical 
doubles and optical doubles. 

Doublet (Cost.) A close-fitting garment reaching 
from the neck to a little below the waist. It was 
worn in Ingland, generally by men, fi-om about the 
middle of the fourteenth century until the time of 
Charles IL It varied extensively in form, sometimes 
being without sleeves, and sometimes devoid of the 
Abort skirt. 

- (Elect.) Used in theory of electrical images 

to denote a system of two small equal charges 
of opposite sign separated by an exceedingly small 
distance. The “ moment" of the doublet is the 
product of one of the oliarges multiplied into dis¬ 
tance between thorn, and this i)ro<luct is always a 
finite quantity. The term is used in a similar sense 
in theory of magnetism. 

- (Photo.) A photographic lens consisting of 

two separate single lenses mounted in a tube. By 
the use of a suitable doublet distortion of the image 
can be corrected. 

Doable Tenons (Caerp. and. Join.) Two tenons 
side by side and parallel to each other. If doubled in 
width only, they are termed single tenons. See 
Tenons. 

Doable Threaded Screw (Eng.) A screw with 
two parallel threads (i.e. tw<^i separate heliccsl 
imstoad of one; used in certain cases where a 
comparatively fine thread of quick pitch is required. 

Double Warp (Laee Manufac.) Wium the wa^ 
system of threads numlxsrs twice that of the bobbin 
system. Two waq) threads to one bobbin thread 
throughout the whole width of the web. 

Doable JVebbed Girder (Eng.) A Box Gibdeb, 
Ia. one with the top and bottom booms united by 
two parallel webs. 

Doabling (Cotton Manufac.) The twisting together 
•of two or more threads so as to make one strong 
resultant thread Itnown as Folded Yauns. Used 
for making strong fabrics, sewing cotton, crochet 
■cotton, etc. Tiiree forms of machines are used: 
(1) the ring doubler, (2) the twiner, (3) throstle or 
flyer. Cotton threads may be either (a) dry doubled, 
(by wet doubled. The term is sometimes used when 
rnnniiig two or more threads together on a bobbin 
without twisting. 

TWm KHiig Ooune (Build.) A double row of slates 
At the eaves of a root See Roofs, 

l^aglai Fir. See Woods. 

X Dooltiog Stoae. See Building Stones. 

Doop, Doi^, or Dnpes (Textile Manvfae.) A 
type of heald used in gauze weaving. See Heddle. 


Doap, DotqM, or Dtqpai (Sllh Mamfao.) An in¬ 
terlacing oonpling or lash used in the manufacture 
of gauze, also for making a fast edge when two or 
more widths of work are made together in a loqm. 

Dove (Art). (1) In Christian art the dove is the 
symbol of the Holy Ghost. (2) A vessel in the fom 
oil a dove was formerly used for enclosing the Pyx 
in Eastern churches, 

Dovetitiling (Join.) Dovetails consist of splayed 
pins on one part and sockets on the other. The 
splay or slope should be 80°, i.e. 10° out of square. 
In common dovetailing the joints are visible in both 
boards. In tiovetailing used in drawer fronts the 
joint can be seen on the side of the drawer, ix. in 
one board only. In Blind or Hecbbt Dovetailing, 
used in some kinds of finished cabinet work, the 
joints are entirely concealed, so that the two boards 
appear to be Uitbkd (q.v.) together. 

Dovetail Key (Join.) A 
form of ^^ooden key with its 
edges sloping. 

Dovetail Saw. A light 
tenon saw used for cutting 
dovetails, and for small work 
generally'. 

Dowel (Carp.^ Build., 
tic.) (!) A wooden pin 
used in joining two boards Do^-Bl•AlL Kkys. 
edge to edge inslead of a 

tongae and groove. (2) An iron pin fixed in a stone 
in such manner that a j)ortion of it iirojeets and fits 
into a liole made in another stone alongside. The 
joint thus made i.s called a DOWEL JOINT. (3) A 
short piece of slate, used in making a joint in 
masonry. 

- (Pattern Making). In pattern making the 

dowelleii joints are intended to come ajwvi easily 
for convenience in moulding. The dowels are usually 
bra.s,s or iron pins, fitting into metal sockets; they 
arc prorided witli flanges, by uhich they are 
screwed to the pattern. 

Dowel Plate. A steel place with holes in it for 
making wooden dowels of various sizes: the wood is 
trimmed roughly to size and then driven forcibly 
throngii a hole in the plate. As the hole i.s made 
slightly conical, a cutting action is exerted which 
trims tlie wooden rod up to a cylindrical form. 

Dowlas ( Linen Manufac!) (1) A heavy plain texture 
linen used in the brown state for ayirons and in white 
for intfcriinings of collars, shirt fronts, etc. (2) The 
name aiiplics dso to a strong calico made in imitation 
of rhe foregoing. 

Downpipe (Plumb.) A rainwater pipe. 

Downtake (Met., etc.) (1) A passage by which 
hot g:is 0 s arc led from the cone of a blast furnace to 
the base. (2) Any passage for the downward flow 
of gases, etc., as in some forms of boiler setting. 

Downthrow (Oeol.) The amount of dislocation 
which rocks have undergone where they have been 
let down by faults. The correlative to downthrow is 
Upoast. 

Dowson OaB (Eng!) A mixture of Wateb GaB 
and T^oddceb Gas (?.».), formed by blowing air 
and steam through redhot coke. Its uses are much * 
the same as producer gas, but it has a greater oalozifio 
value. ' ' 
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lUotcdi Mavble Pi.pee A. maxbling 0^or 

paper ojt book odgee) in wbiob the coloui* are 
drawn together sod intermingled by means of a wire 
comb, Thus in plaoe of the ordinary “shells’* or 
“veins,” Dutch marble presents a series of small 
sharp sooUops of varying oolonrs. 

Dvaossaa ^Botany'), A genus of LiliaoecB re¬ 
markable for tlieir arborescent growth. The resinous 
exudation from tlie stem is one source of Dbaoon’s 
BhOOD, and the leaf fibres are used in commerce. 

Prachm <»• JDvam. See Wbiqhts akd Mbabukiiis. 

Draff. Spent grain from a whisky mash. 

Draft (Btig., etc.') A preliminary sketch. Less 
frequently the term is used for a drawing otherwise 
than preliminary. 

- (Textile Manvfae.') See Dbaftiso. 

Drafted Marginfl (Masonry). A narrow margin 
chiselled round the edges of stone blocks, the centre 
portion of the stones being hammer dressed. 

JinStimg (Textile Munufac.) Arranging the order 
in which the threads are to be drawn through the 
hcalds. Usually imparted to thedrawer-in Ijy means 
of a chart or plan called a Db^vf! or DftAFXiNQ 
I’LAN. See Ubawing lx. 

- (Larr Manufae.) The art of arranging and 

manipulating on papir the viirious threads tliat 
will eventually compu^,e the ]iattern of lace in tlie 
lace machine. The correct attainment of all the 
neettssary movements of the threads by mechanical 
means. 

Drag (Foimdry). The lower portion of a Mould- 
ixu Box (q.v.) 

—— (Typog.) A term applied to a printed sheet 
which shows slurring or doubling. 

Drag Bar (Bug.) The bur by which a t.ruck, | 
locomotive, traction engine, etc., is attached to a 
following truck. 

Drag Bolt (Bug.) The bolt sometimes used in 
fastening Duag Baks (q.v.) together. 

Drag Link (Bny.) The levers, I’tc., n.sed trf move 
the IdXK AiOTiox (y.r.) of an engine. 

Drag on Armature Conductors (Elect. Bag.) 

The'mechanical force experieimei 1 by a conductor in 
which a current is tiowiiig when moved so as to cut 
across magnetic line.s of force. Tliis drag is at right 
angles to the (;onduetor and tangential to the arma¬ 
ture, and tends to rip the windings oil* the surface 
of the core. If the conductors are wholly or par¬ 
tially embedded in iron, this dr;tg is transferred, 
wholly or partially, from the conductors to the 
iron. " This fact is of vital imiwrtance in electrical 
engineering. 

Dragon Beam (Join.) A beam keyed to the 
tingle tie at tho corner of a building to receive the 
thrust of a Hu* KAFTtm (y.r.) Stx also Eoofs. 

Dragon’s Blood (Paint., etc.) A rich dark red 
piguieut maiie from a brittle resin which encrusts 
the scaly fruit of an East Indian palm. Calamus 
draoo, which yields also tho Kattan C’anb of com¬ 
merce. Formerly obtained from tho stern of several 
species of Bracesna, (lAliacefc). Dragon's blood is 
soluble in alcohol, benzene, carbon disulphide, and 
caustic soda. On destructive distillation it yield.s, 
among other products, toluene and styrene (s^.v.) It 
is mnob used as a pigment in various varnishes, 
Fronoh polish, eta 


Omg (Bny.) The hinder past eff the bese 
plate of a looomorive, «> called b^use the Dbag 
Bab (q.u.) is fastened to it. 

Drag Spring (Bny.) A irawerful spring att8<S»ed 
to a Drag Bab (q.u.) to diminish the sudden jerk 
when the engine starts. 

Drag Surface (Eny^ The surface of the blade of 
a screw propeller which is next to the vessel. 

Drainage (SanUation). Strict attention to the 
drainage system of houses is highly important from 
the hygienic standpoint. In a modi3m system 
of drainage the following requirements, amongst 
others, should be complied with : (a) all drains to 
be watertight; (J) carefully laid on a bed of con¬ 
crete with a suitable fall; (c) all inlets to the 
drains, except ventilating openings, to be properly 
trapped; (d) drains to be disconnected from the 
sewer by means of a trap, at which point a manhole 
should be built; (c) branch or tributary drains 
should join one another obliquely in the direction of 
the flow, and not by right-angled junctions; (/) all 
joints to be well made ; (g) aiiequate provision made 
for ventilation. See also under Banitation. 

Drain Cock (Buy.) A small tap for running off 
water coriden.-ed in tho cylinder of an engine. Also- 
ter mod a Ppx CoCK. 

Drains and Water Closets (Hygiene). Sec Saki- 

TATIOX. 

Dram or Drachm. Sec Weights and Mbasttbbs. 

Drapery Panel (Join.) A panel carved to, repre¬ 
sent the folds of drapery. See LiXEX FoLl>. 

Draught (Bug.) The air supply of a furnace or 
boiler tiro. See also Natural Draught, Forcbd 
Draught. 

- (Pattern Mailing). The tapering off of a 

pattern to facilitate its removal from the mould. 

- (Textiles). Sec DRAFTING. 

Draught Bar (Btuj.) A Drag Bah (q.v.) 

Draw (Cotton Sjrimiing). Referring to tho com¬ 
plete outward and inward run of a mule carriage, 
usually a strtftch of 03 to 64 in. During the com¬ 
plete draw' all tiie operations necessary in the 
spinning and winding of a thread are performed. 
The speed of the mule is usually indicated by the 
number of draws per minute. 

- (Typog.) A term applied to part.of a line of 

type drawing out on to the roller during the inking 
of the forme, owing to imperfect justification. 

Drawback (Foundry). A portion of a mould 
which can be removed from the rest to enable the 
pattern to be withdrawn, etc. A drawback is sup¬ 
ported by an iron frame or plate of suitable shape, 
and is rigidly fixed in place when tho casting is being 
made. 

Draw Bar (Bug.) A Drag Bab (q.v.) 

Draw Bit (Laoe Manufae.) The movable portioD 
at tho end of the dropper slides or boxes to which 
the guide bars are attached, enabling them to be 
correctly adjusted. 

Draw Borlag (Carp, and Join.) A method of 
fixing (.and drawing up the skouldeta of) tenons 
with wooden pins. The pin is driven into srholf 
bored through the tenon and the material on each 
side of the mortice. 
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Draw Boy {TetatUe Man'^ae.') A piece of 
meckanisiQ for operating the frame oontainlng the 
oord-s for lifting the harness and forming a shed in 
the warp. Formerly performed by a boy. 

Draw Door Weim (^CivU Eng.) A Wsib or Dam 
(g.v.) in which the water is retained by doors or 
gates which can be raised vertically when there is 
too large an amount of water passing, as in ilood.s. 
The Half Tidb Lock at Bicbmond furnishes an 
example. 

Draw Filing (Eng.) Putting a iinisb on metal by 
moving a file backwards and forwards in a clirection 
at right angles to its own length, so that the teeth 
only act very slightly. 

Drawing (Cotton Spinning). A drawing out or 
attenuation of slivers prepared on the carder or 
comber with the object of reducing inequalities in 
thickness, and also further attempting to place 
individual fibres parallel by means of four lines of 
rollers revolving at different speeds, 

- Architectural. Drawing to scale with 

mathematical instruments, plarj.s, elevations, per¬ 
spective views of buildings, or portions of buildings. 

Drawing Box (Tcxtilr Manufar.) One of a series 
of inachiiic.s for straightening and attenuating the 
wool in making worated yam. 

Drawing Down (Eng.) Altering or diminishing 
the Cl OSS section of a forging by hammering. 

Drawing Fires (Eng.) The removal of a fire when 
the stemn is no longer needed. 

Drawing, Freehand. The practice of drawing in 
outline, from diagrams, forms either natural or con¬ 
ventional, without mechanical aid; the hand being 
under guidance of the eye only. It constitutes part 
of the elementary training of a draughtsman. 

Drawing from Nature. Depicting by means of 
pen, pencil, or brusli any natural object, animate or 
inanimate. Tim drawing may be either a complete 
work of art.in itself, or may be simply a study,io be 
used as material for pictorial work or design. 

Drawing from the Cast. Drawing from a facsimile 
of natural objcct.s or objects of art wliich have been 
reproduced in plaster of I’aris. The unifom white¬ 
ness of the cast (g.v.) renders it specially suitable 
for the study of light and shade. 

Drawing from the Flat. Copying in “ freehand ” 
flat diagrapis of objects, ornaments, or pictures. 

Drawing In (Textile Manufac.) The ends or 
threads are drawn singly or otherwise through the 
eyes or mails of heahls or harness in some pre- 
scribeil order, so as to produce a definite pattern or 
design in the cloth. Also termed Looming. 

Drawing, Machine. Plans, elevations, sections, 
etc,, of machinery and engineering structures 
accurately drawn to scale. Ihoy are prepared in 
the “drawing office” for the guidance of pattern 
makers, boiler and engine smiths, fitters, turners, 
maoliinists, and the men employed in the creeling 
sliop. They give full details and measurements of 
every part of the piece of. work, and the. construction 
and erection are carried ont according to these 
details. 

Doming of Patterns (Fomdry). The removal 
of patterns from the mould. 

Drawing of Tubes (Eng.) See Tcbbb. 


Drawing On or Pulling On (E/tg.) The method 
by which large wheels are set on their shafts. Large 
bolts are fixed to a heavy metal cross (which is 
rigidly attached to the shaft), so that their nuts pass 
between the arms of the wheel, and press on the 
latter by means of plates. Xho tightening up of 
the nuts gradually forces the wheel on to the 
shaft. 

Drawing Pen. A pen in which the ink is retained 
between two fiat blades of steel bent towards each 
other at their points. The distance apart of the 
blades can be regulated, and the pen then produces 
lines of great uniformity. 

Drawing Process (Textile Manufao.) See 
Dbawinq. 

Drawing Temper (Eng.) The partial removal 
of the harUness or temjwjr (q.v.) of steel by beating it 
to redness and cooling slowly. It is really a form of 
annealing (^.r.) 

Draw Knife. A knife with a handle at each end 
set at right angle.'< to the blade. Us^id for trimming 
up wood, especially long pieces, of small width or 
diameter. 

Draw Loom (Textile Manufac.) A type of liariie.ss 
loom used before tlie invention of the Jacquard, so 
called on account of the harness being drawn or lifted 
by a draw boy in forming the shed. 

Draw Plate (Eng.) The perforated plate, usually 
of J aideiicd steel, through which wire is “drawn." 
See Wire Drawing. 

Draw Rollers (Cotton Spanning, etc.) Essential 
{uljunct.s to spinning machinery. Fitted on to draw 
frames, flyer fraine.s, ring frames, mule, and (;omber. 
In England they are usually covered with specially 
prepared sheepskin leather. Three chief forms : 
(J) Solid leather covered. (3) Loose boss. (8) Metallic 
fluted roller. 

Dredger (Civil Eng.) A machine for excavating 
the bottom of a channel, i.e. one which works under 
water, as ojipo.scd to an Excavator (q.v.), which 
works on dry land. 

Drenching (Leather Manufac.) Liglit skins for 
moroccos or gloves aftei lialing are “ drenched” in a 
tepid solution of bran and water. The gluten of 
the bran ferments, forming organic acids. These 
acids open up and swell the skins, and dissolve out 
any remaining lime. 

Dresden. '1 be royal Raxon porcelain manufactory 
commonly known as “ Dresden ” was established at 
Meissen tm the Elbe, about ten miles from Dresden, 
in the year 1710, llerr Hottger being director. It 
was fostered under the direct patronage of August II., 
Elector of Saxony. The manufacture was, and still 
is, exclusively confincil to har<i paste, and the pro¬ 
ductions have l)ecome celebrated throughout Eurojie 
for beauty, refinement, mid a characteristic style. 
“Dresden china” is perhaps best known l»y the 
dainty models of “ Wattcan ” figures which were so 
lai’gely used for the ornamentation of clocks, tazzus, J 
candelabra, etc. In addition to these, the produc¬ 
tions of the manufactory include a great variety of 
models of birds and animals, and useful and orna¬ 
mental china of practically every description. See 
Bottchbr. 

Dresser (Eng:) A block fitting into an anvil, over 
w'hich certain bent work is forged. 

- (Plwmb.) A wooden tool, usually boxwood, 

for flattening out sheet lead. 
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Itaeuing (.Catton Mam^ao.') A process of warp 
preparation for the loom. There are several systems, 
two of which are given. Yobksbibb DBE8siNo(for 
-coloured work): In this system the yarn is ordered 
in the ball warp, and after being dyed and sized, all 
the threads are run side by side, according to pattern, 
on to the weaver’s beam. Scotch Dbbssinq (for 
grey work): The yams are run from back beams 
placed at mth edds of machine, throngb a paste or 
size, on to the weaver’.s beam fixed in the centre. A 
more particular and expensive process than sizing, 
and adopted for best work only. 

- (Zacs Manufae.') A process applied to 

machine made lace which can only be carried out 
while the lace is in the " web ” or piece. Jt implies 
and comprises all the various processes of scouring, 
bleaching, mordanting, dyeing, staining, and dress¬ 
ing, this last process consisting of stretching the 
web of lace upon special machinery in a room sup¬ 
plied with heated air and every appliance for drying 
it quickly after being starched. 

—— {Linen Mamfac.) Wlien linen yam is being 
woven, ospeoiallf if it has passed through any finish- 
ing process, it is liable to fray and break. To avoid 
this it hijs to be run through a mixture of flour or 
starch mixed with tallow, wax, gloy, etc., whic;h is 
called dr(!.ssing. It is mostly used cold, and differs 
from the sizing used in the cotton trade. 

- {Mining). The separation of the lighter and 

heavier portions of the crushed ore. Tbue 

Vannek, etc. 

- {Plnmb.) To dross lead is to flatten it 

with a Dbessek (y.u.) 

Dressing a Forme {Tyjmg.) Placing the furni¬ 
ture aiouud the naked forme. Sometimes calico 
“clothing a forme.’ 

Dressing Off, Fettling, w Trimming {Foundry). 
Cleaning up castings, breaking off runners, anfl 
removing cores previous to sending the work from 
the foundry’. 

Dressings {Build.) The stonework fixed round 
window and door oitenings. 

Driers {Chrm.) An aksorbent powder, generally 
gypsum or haiyte.s, added to superi)ho.sphatos to 
prevent pastiness. 

- {Dec., etc.) Materials added to paint to 

assist in “ drying," c.g. hardening by the absorption 
of oxygen. Decorators use princi 2 >a]ly “ patent 
driers," which are supplied in paste form, and con.sist 
of various mixtures, such as zinc stilphate, litharge, 
and lead acetate ground in boiled oil and mixed 
with Paris white, white lead, and manganese acetate. 
Most patent driers are largely adulterated with 
barytes, gypsum, etc. Liquid driers are used to n 
limited extent in England, but almost exclusively 
in the United States. One of the best known varieties 
is called “ Tmbebine," and is made from gum copal, 
linseed oil, and litharge boiled together. To the use 
of an excess of driers may be attributed many of the 
defects which so often oce-ur in hnu.se painting. 
Driers such as red lead, litharge, manganese oxide, 
borate, sulphate, and oxalate and zinc oxide, and 
sulphate, sugar of lead, etc., are largely used in the 
manufacture of boiled oils, varnishes, lacquers, 
Xffinting inks, coach colours, etc. Driers are some¬ 
times called Siccatives. 

Drift (J%.) A tool used to give a final form to 
drilled or punched holes, into which it is driven by 
.a hammer; also used by boilermakers to form a 


clear hole for a rivet when the punched holes in t^e 
plates to be riveted do not exactly coincide. 

Drift {Mming). A passage or level from one part 
of a mine to another for working, ventilation, or 
draining; especially a passage driven in the direction 
of a mineral vein. 

Drift CorrentB {Meteorol) Ocean currents pro¬ 
duced by prevailing winds. 

Drifting {Eng.) The using of a Dbift (s'.®.) 

Drill {Eng., etc.) A tool for boring holes, held 
and rotated by some form of brace, drill stock, or 
machine. The term is often loosely applied to signify 
the <lrill stock or drilling machine itself. See also 
Twist Drill, etc. 

- {IA.nen Manufao.) A twilled texture, usually 

three, four, or five end; or may be a fancy twill. It 
is a strong make of cloth us^ for linings, vestings, 
trouserings, etc., and is commonly known as three 
leaf or DIAGONAL Drill, four leaf or Fabmebb’ 
Dbtll, and five leaf or Medium or Heavy Dbill. 
It is ma^le brown, white, striped, checked, etc. 

- {Mining). The tool used for making holes 

in which explosives arc placed for blasting. It is 
often “ armed ’’ with diamond fragments (jee BoET) 
for cutting hard rock. 

Drill Chuck {Eng.) A small Chuck (g.v.) which 
l.ohKs a drill either in a lathe or drilling machine. 

Drilled Plates (Eng.) The plates of boilers, 
built-up gmlers, etc., are often strained considerably 
by punching the rivet holes. Plates in which all the 
holes have b«cn made by a drilling machine are free 
from this fault, and are often used. 

Drill Feed {Eng.) The mechanism which moves 
the drill up to its work. It may be automatic or 
may be worked by the operator. 

Drilling Cramp {Eng.) A fiame or cramp which 
is u.sed to press a drilling brace or ratchet biac® up 
auainst a piece of work which cannot be placed on a 
drilling machine. 

Drilling Machine (Ei^.) A machine worked by 
hand or power, which drives a drill un<l at the same 
time feeds it up to its work. See also Pillab DbilL, 
liADiAL Dbill, Wall Drill, etc. 

Drilling Table (Eng.) A cast iron plate, furnished 
with slots and holes, for holding work in posvition in 
a drilling machine. 

Drill Plate (Eng.) A plate fixed to the loose 
headstock of a latlie in order to press a piece of 
work up against a drill fixed in a drill chuck. 

Drill Spindle (Eng.) The main revolving part of 
a drilling machine; it carries the drill itself, and can 
be “ fed ’’ or caused to move iu the directiim of its 
own length, without ceasing to rotate, by means of 
the feeding mechanism. 

Drip {Vhem. Eng.) The ACID DBTP is a gauge 
on a mriol chamber. It resembles a horn, t he wide 
mouth of which looks upwards in the chamber, while 
the pointed end is connected to a swan-neck outside. 
Jt acts in the same way as a rain gauge, by catching 
the shower of acid as it forma in the chamber, and 
collecting it so that the yield and quality can be 
tested. 

- (Plumb.) A step (drip) formed in gnt^s 

and Hats at the ends of the sheets of lead or ziii^ to 
do away with the necessity of soldering. 

Dripstone {Arehiteai.) See Flood Mould. 
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Brtvei* {Silk Man^fae.) Sid Pktkss. 

BriTln^ {Mimng'). A gei^ral term for onttinff or 
making a level, adit, or other passage in a mme. 
The making of shafts is nsoally termed Snncisa. 

Driving Axle {Sing.) A shaft or axle which 
transmits rotation to a wheel which is keyed or 
otherwise fixed on to it. 

Driving Blade {Laee Mmufao.y That part of the 
Jacquard that contributes the power to move the 
guide bars. 

Driving Chain {Sng.) A chain such as that of a 
cycle or motor car, which communicates motion from 
(Hie toothed wheel to another. See Cycles. 

Driving Chuck A chuck with a projecting 

pin which engages a CaBRIBB {q.v.) fixed on a piece 
of work running in the lathe between the centres, 
and causes it to rotate. 

Driving Fit {Eng.) A piece of work which fits 
very tightly into its place, so that it can only be 
driven home (i.s. into plac(!) by considerable force 
applied with a hammer or mallet. 

Driving Gear {Eng.) (1) The levers and handles 
by which an engine or machine is controlled. 
(2) The gearing through which the power is trans¬ 
mitted from one part, of a machine to another, c.g, 
from the engrine of a car to the driving axle. 

Driving Homs {Elect. Eng.) Projections which 
overcome the drag (g-v.) on the armature conductors, 
and cause them to rotate with the shaft and core of 
the armature. In tootlied core discs the teeth them¬ 
selves serve this purpose. 

Driving Side {Eng.) The tight side of a belt, i.e. 
the side which is in tension, and therefore transmits 
the power. 

Driving Wheels {Eng., etc.) The wheels of a 
locontotivc, car, etc., which are actuated by the 
eugiue^ and which cause the motion of the 
vehicle. 

Dromos {Arehiteot.) An enclosed passage such 
as one leading to a tomb buried under a tumulus. 

^ l^op ( Carp, and Join.) See Pendant. 

—— {Met.) The completion of the detKirburisa- 
tion in the Bessemer process; it is marked by the 
sudden “dropping” of the flame from the converter. 

Drop Black {Pain/., J)ee., etc.) A terra applied to 
a variety of black pigments which are made in an 
irregular conical fonu. Tliis is produced by mixing 
a little gum water with the black and allowing it to 
drop from the mill in which it is ground. An 
example is Fbankkobt Black, made from vine 
twigs, cork cuttings, etc.; but other blacks made 
ftrom bones and animal refuse are often made in this 
form. 

Drop Bottom Cupola {Met., Fmmdry, etc.) A 
Cupola {q.v.) in which the bottom esan bo removed, 
allowing the n^mains of the fire, slag, etc., to fall into 
a pit or space beneath. 

Drop Box {TmtUe ManntfacI) A type of power 
loom in which the shuttle boxes have a vertical 
up and down movement. Originally the boxes 
dropj)ed simply by gravity. 

Dropped Head {Typog^ Chapters or sections of 
a book which commence a new page are usually 
started about two-thirds the way down the page, and 
this constitutes a dropped head. 



Dvoppev {Ltwe Mara^eur.) Ad InrisrumM!^ bC . 
cifdcm used in the Jaoquaird for thi^urpose’ of givifif'' 
aoenzate movement to the guide hora Droppers ■ 
selected sii^ly or ip combipation, 2nd upon 

the principle of the wedge for their efEectiveness. 

# a * r 

- {Mining). A subsidiary vein running down¬ 
ward from a lode. , 

Dropper Boxes {Zaoe Mammae.) T%e> space 
between the slides in the Jaoquaid, wherein the 
droppers work. See Dboppbr. 

Dropper Gauge (Aocc Manufae.) A measure to 
test the accui-acy of droppers of every size or denomi¬ 
nation n.sed in any particular lace maoTiine. See 
Dropper. ,, 

Dross {Met.) Impu7-ities which rise to the surface 
of metals when melted; also inferior materud 
generally. 

Drosser {6ta»s Mannfac.). An iron frame while 
it is being annealed. 

Drug. The Sale of Food aud Drugs Act, 1876, 
defines the term “ drug” as includijg “ medicine for 
internal or external use,” Difficulticss frequently 
arise in administration when .sub.stance.s are med 
both m(*dicinally and commercially. To settle the 
technicn.1itics appeal is made to a magistrate. 

Drum {Cotton Manvfae.) The hollow cylinder in 
which steam is applied to printed fabrics in order to 
fix the colours. 

- {Eng. etc.) (1) A laigc pulley or cyli»der 

round which a belt pa.sscs or a rope or chain is wound. 
(2) A (jylindrical chamber used in flues, stoves, and 
heating apparatus. (3) A cylindrical or batrel- 
shai)ed metal ve.sscl (usually of siieet iron, u.sed 
instead of a wooden barrel for holding liquids or 
solids, such a.s oil, paint, white lead, etc. 

- {Join.) A cylindrical structure, used in 

building up various pieces of circular woodwork; a 
large drum is also u.sed for support ing a number of 
bars of wood, of square section, which are arranged 
round its j)eriiihet 7 and turned in a lathe in order to 
form balusters {q.v.) 

- {Laee Manvfae,) A cylinder of wo<mI or tin, 

alxmt is in. in diamctei-, n])on which are wound 
threads, varying in number from 60 to 120. This 
forms a supply for wiadiiig the brass bobbins. The 
utility consists in the equal amount of tension 
obtained. 

- {Mnnr). See Bass Drum, Kettle Drum, 

Side Drum, under Musical Instruments. 

Drumming {Leather Manufae.) A process fre¬ 
quently employed is to placse leather in largo rotating 
drums containing tan liquor, grease, dye, orweighting 
materials, as required. This treatment is known as 
“ drumming.” 

Drum Washer {Paper Manttfae.) A hollow 
cylindrical vessel, covered with wire gauze, used 
for removing dirty water from pulp. 

Drum Weir ( Civil Eng.) A Weir or Dam {q.v.) • 
with a gate hinged so as to rotate about a horizontal 
line. The hinge lies in the olanc of the river bed, 
the lower half of the gate moving in a hollow or 
drum of quadrant shaped section situated below the 
level of the river bed. The height of the water in 
the channel above the weir can be conl^Ued in a 
very perfect manner by turning the gate or sluice 
through an angle, so as to raise or lower the “ siU 
or top edge, thus lessening or increasing the volume 
of water passing over. 
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Asystemof 

w^^ag jiirh m to bobbins, (»in the form of oheesos, 
bj'' . moans of MoUonal oontaot with drams. Two 
methods are' employed, STBAiaBX and Quick 
XK aarscMB. See alee WnmtKC. 

, —^ (^Eleot Bag^ Bee Abhatubbs. 


. Dmu^ea Saw ( Ca/e^.^ Eng., ete.) A circular saw 
whose plane is not at right angles to the axle; it is 
used for cutting a groove in timber, the width of the 
. groove depending on the angle at wliich the saw is 
sot. Now usually superseded by a thick saw, set 
square on the axle, which cuts an accurate groove 
of its own thickness. 


On^The “stone fruit” as seen in 
the plum, cherry, jieach, etc. The pericarp, or fruit 
wall, is in three layers; the rind (Epicakp), the 
pulfi fMESocABP), and the stone (Endocabp). The 
kernel of tlie stone is the seed. 


Drasy CavitieB iOeel.) Small cavities occurring 
in eruptive or other rocks, commonly lined with 
crystalline minerals. 1 

Dry Area (^livild.) An enclosed space round an 
external wall, the bottom of which is below the 
ground level 

Dry Brash (.Wmlding). A brush used to remove 
sand or d ust, as distinguished from one used to damp 
the surface of the mould. 

®py Bnlb Thennometer {Meteor.) See UvaKO- 
MKTEUa. 

a 

Dry Cells. See r.ut.Ls, I’bjmaby. 

Dry Copper {Met.) See Coppek. 

Dry Dock {Civil Eng.) See. DoriKS. 

Drying Cylinder {Paper Manufa^;.) A hollow 
iron cylinder heated internally bj .steam, used for 
drying pa|)er. 

Dicing of Paint ( Dee.) Oil paiut dries or becomes 
hard partly by absorbing oxygen from the siir, which 
coininnes with the linseed oil, and partly by the 
evaixiration of the volatile spirit turpentine (q.v.) 
To assist in the oxidation, drirms {q.v.) are sometimes 
added, but this is unnecessary in the case rif some 
pigments, such as red lead. tVith the object of 
facilitating the drying of newly applied paint, fires 
or gas jets arc sometimes lighteil. This is, howei er, 
worse than useless, as the heat does not assist the 
drying, but retards it, owing to tlie oxygen that is 
used up. When paint or varnish docs not dry, but 
remains sticky, it is a sign that it lias been applied 
to a dirty and greasy surface. See a ho Dbiebb. 

A 

Drying Oils {Pahet., Dee., etc.) Those oils which 
dr 3 ’ or become Irani on exposure to the air. Linseed 
Oil (q.v.) is by far the most important of these, but 
Popptr Seed’Oil, Hemp Seed Oil, Walnut Oil 
(^.TJ.), eto., are also used by painters to some extent, 
lire oils of this class are also called Fixed Oils, 
because they are not changed by distillation. 

Drying Room {Tgpog.) A room heated by hot 
water or steam to a uniform temperature of about 
120^ F., and employed to facilitate the drj’ing of the 
printed, work. 

Drying StoTO {Moulding). A furnace or oven 
nsed for drying Cores (q.v.) before placing them in 
the mould. 

DiT Moulding {Foundry). Moulding in pure 
sand instead of^ LoAU {q.v.) 


Itoy PlM {Eng:) iWpOTforated pipe hoti* 

zontally uisiae the ni^ of a steam bcdl^. for 
drawing off steam from the whole Ibngth of 
steam space. Sometimes a trough or haU-pipelpm- 
pended by logs about half sm inch from tlm tbp of 
the boiler shelL 

Dr^ Plate {Photo.) A plate carrying a g^tlne 
film Impregnated with salts of silver sensmive to 
light {i.e. the bromide, iodide, and chloride). The 
plate is usually glass, but may be transparent 
celluloid, which is light, flexible, and unbreakable; 
occasionally, however, paper is coated with the 
sensitive film. See Pafbb Neqatives. 

Dry Point. See Engbavino and Etching. 

Dry Spinning {Linen Manvfae.) Flax may be 
spun wet or dry, the latter giving a softer and more 
si)ongy yam, which suits better for making some 
cloths. When spun wet, the rove jmsses through hot 
water, which soEcns the gum in the flax and enables 
it to be dniwn out into a finer and firmer thread. 

Di^ Steam {Eng.) Steam unmixed with fine 
particles of water, but not superheated {q.v.) ; It is 
really Saturated Water Vapour (g'.tJ.),and begins 
to cnn(1eu.se at once on cooling. See alto PBUtlNG; 

Dry Uptake {Eng.) The lower part of the flue 
of a marine boiler which i.s not surrounded by water 5 
i.e. the flue is outside the boiler. 

Dry Wood. Seasoned wood, free frmu sap See 
Seasoning. 

“D” Section Tobes (CyrXee). These are useful 
for tlie hori’/ontal bars forming the back forks, ex¬ 
tending from tho bottom bracket to the back axle, 
as they help to reduce the width of tread; but they 
are not in much favour in the latest machines, being 
inferior in .strength to ordinary round seamless tubes, 

“ D” Trap {Hygiene). This trap, so called owing 
to its likeness to the letter D. is frequently met with 
in connection with the old “pan container” closet. 
It is a very bad type of trap, having too many angles 
and projections, and is not self cleansing. 

Dabbing Out {Plastering). Forming a mouldiqg 
in plaster roughly, preliminary to finishing off the 
work neatly. 

Duck (Linen Manvfae.) (1) A heavy make of 
plain texture linen cloth which has either a ribbed 
or a matt appearance according to make. It is also 
often made in fancy textures for vestings, trouserings, 
etc. (2) A Cotton fabric having the same appearance 
is also manufactured. 

- {Her.) In heraldry a duck is always called a 

Cannex, and appears without feet or beak. 

-, Eider {Zoology). Smateria molUatima 

(family, Anatidee ; order, Anseres). The well known 
eiderdown is obtained from the nests, where it forms 
a covering to the eggs. The female bird plucks the 
down from her body, gradually increasing the 
amount during the period of incubation. 

Ductility. The property of certain metals 
which allows tlieiu to be drawn out into wire; e.g. 
silver, copper, brass. 

Ductless Qlands {Zoology). The term applied to 
the thyroid, adrenal (suprarenal), pineal; and pitui¬ 
tary glands. The spleen and thymus glands are ahsi 
included under this term. 

Duetor {Print.) A duct, trough, or reservoir 
which holds the ink in a printing nrntobinn. 

18 
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Ditety Dao (MaHc). A composition for two voices 
or instruments. 

Duleimev. See Musical Instbuiibitts—Stbing 

(BY I’EBCCSSION). 

Dnloiie or Doleitol (Chem.), OH^OII. (CBOH), 
CBgOH. Lustrous prisms; melts at 188°; sparingly 
soluble in water; sweetish taste. It is isomeric with 
mannitol, and with bydriodic acid gives the same 
hexyl iodide that mannitol does. With nitric acid it 
yields mudc acid. It occurs in Madagascar manna, 
and can be obtiuned from this and also by reducing 
lactose or galactose with sodium amalgam. It is a 
hcxahydric alcohol. 

DnlL (1) Blunt (in reference to a cutting tool). 
(2) In the case of metal, at a heat less tlian that at 
which the metal is usually forged or cast. 

Dalon^ and Petit’s Law ( Chem.) The product of 
the atomic weight of an element and its specific beat 
is constant, viz. G’4. The law only applies to the 
elements in the solid state. A few elements of low 
atomic weight and high melting points, such as 
beryllium, boron, carbon, and silicon, give a value 
less than 6-4 ; but in these cases it is found that the 
specific heat increases with the temperature, so that 
when the specific heat of these elements is taken at 
a high temperature the product, atomic weight and 
8 pe<Mc heat, approaches tlie normal The constant 
6-4 is often called tlie atomic heat. This law does 
not give accurate values for the atomic weights, but 
it is very useful in enabling a chemist to decide what 
multiple of the equivalent (q.v.) of an element must 
be taken to obtain the atomic weight, because 
equivalents can be determined with great accuracy. 

Domaa’ Heasttreinent of Vapour Density. A 

method of finding the density of gases and vapours 
by weighing a flask of known volnme which is full 
of the gas, and making a suitaVdc correction for tlie 
loss of weight of the flask and its contents due to 
the fact that it is weighed in air, i.e. adding on the 
weight of the volume of air displaced by the flask. 
The gas or vapour must first lie c:ondenscd, and a 
small amount of the liquid placed in the flask. 
lEhe flask is then immersed in a bath at a tempera¬ 
ture above the boiling point of the liquid until 
vapour ceases to issue from the neck. The flask is 
then sealed up, and the temperature of the bath at 
the instant of scaling is noted. The weight of 
vapour which will occupy the volume of the flask at 
a known temperature is thus found. 

Dumfries Bandstones. See Building Btonbs. 

Dummy (Plvmb.} A thick cane with a lump of 
lead on the end: used fur bating out dents in lead 
pipes. 

—— (iViwf). A set of sheets made up to re¬ 
semble a book, magazine, etc. The object is to convey 
an idea of the size of a prospective publication, 
and if details are furnished, of the scope of such 
publication. 

Dundee Sandstone. See Building Btonbs. 

Dunes ( Seal.) A term almost entirely restricted 
to the hills of sand which occur in maritime regions. 
Large quantities of sand are stirred up by the waves 
dnr^ storms, and when these waves are driven on 
to the coast the water flows back to the sea,'and 
sand is left on the shore. Hand reeds and various 

f rasscs hind the accumulation together, and thus 
elp it to increase in size. Sanddunes are often 
iia^rtant reservoirs of potable water. 


Dunlte i&eol.) A platonic rook of granitic struc¬ 
ture and nltrabasic composition. It consists essen¬ 
tially of olivine, with some pyroxene and iron ore, but 
with little or no felspar. 

Dunlop Tyres (OycU). See Tybbs. 

Dunted (i*ot.) Bunted ware is practically the 
same as Fled Wabu, the term being a colloquialism 
common to the KtafEordshire potteries. 

Duodecimals. The arithmetical processes involved 
in the multiplication together of feet and inches in 
finding areas and volumes in the English system of 
measures. 

Duodecimo {Print.) A sheet of paper folded into 
twcUo leaves, commonly called twelvemo and written 
12 mo. 

Duodenum {Zoology). The first loop of the intes¬ 
tines af ier leaving tins stomach. It receives the bile 
and pancreatic juices. 

Dupes {Textile Manufac.) See DOUP. 

Duplex ( Watehet and Cloelte). frictional-rest 
dead-tKjat escapement, the escape wheel having two 
sets of teeth: one vertical .set for communicating 
impulse; the other, horizontal, for producing the 
rests. 

Duplex Lathe (Plug-) A lathe with two catting 
tools acting simultaneously on oppo.site sides of the 
w ork; the tool at the back of t he work is inverted. 
It is of great use in taming long shafts, a.s il. is ftot 
only quicker than the ordinary metlrod, but more free 
from errors due to the springing of the work and 
chattering. 

Duplex Papers {Paper lUanufae.) 1’aper.s coated 
with a itifferent coloured mixture on either side. 

Duplex Telegraphy. Sec TkleokaPuy. 

Duramen {Botany). The heart wood or txiutral 
portion of the stem of .'i true. It has lost the power 
of transference of water, and is harder and ^rker 
than the sap wood. 

Duresoo (Dee.) A washable water p,aint or dis¬ 
temper, having many of the otiaracteri.stios of zinc 
white oil paint (q.r.) It is made without lime, 
gypsum, or natural barvtea. 

Duster {Dee.) A brush u.-sed by painters for re¬ 
moving tlu.st before apjilying jKiint. In l.ondon and 
the southern part of England a round brush is usually 
employed, but in the north a flat brush is more 
generally employed. The latter possossoa the tidvan- 
tage of being handy to get into corners and the 
spaces between the balusters on a staircase. 

Dust Proof Bearings {Cyclee and Moton, etc.) 
A bearing fitted with some form of cover or cap to 
prevent as far as possible the entry of dust. 

Dust Sheets {Dee.) Cloths of unbleached sheet¬ 
ing u.sed by painters over furniture, floors, etc., to 
protect them during repainting. 

Dutch Bond {Build.) A similar bond to English, 
excu]iting that a threequarter brick is used in the 
Htbetching Courses (q.v.), and the closer omitted 
in the heading courses at the quoins. See Bond and 
English Bond, 

Dutch Bricks. See Bbicks. 

Dutch Clinker {Build.) See Clinkbb. 

Dutch Liquid {Chem.) Ethylene dichloride. See 

Etuylbnb. 
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Dutch Vetalcr Dutch Gold Xicaf. An alloy of 11 
parts of copper and 2 parts of zinc. It is one of the 
most malleable alloys. 

Dutch Pink iBee^ A transparent yellow lake 
pigment, formerly much used by scenic* artists and 
wallpaper manufacturers. When ground in oil it is 
useful as a glazing colour (y.®.) 

Dutch School of Painting. Sec Tainting, 
Schools of. 

Duty (A^.) An old system of measuring the 
efficiency of an engine. It is the number of foot 
pounds of work performed by the combustion of one 
bushel of coal. The modern method is to observe 
the number of pounds of coal perlNDioATBoBoBSE 
Toweb IIOUB (S'.®.) 

D Yalye (Aa//.) The common slide valve which 
has a cross section very much in the form of the 
letter D* 

Dwell (^Print.) The pause during which a sheet 
in course of printing is impressed on the type or 
forme. In the jjost platen miichines this stationary 
period or dwell is somewhat Icngfliy. 

Dwellings, Sites for and Btructural Arrange¬ 
ments oh Sec under yANJTATiON, 

Dyad Elements (CItc7n.') Divalent elements. See 
V.\LEN(;v. 

Dyas {(tcoI.) A name often used instead of 

I’erinian ’’ for the lower sub-division of t he New Bed 
Bocks. In Britain it is most typically devcloiictl in 
the Eden Valley, where if consists of the Magnesian 
Limestone (ami its I’lani Hods), which overlies the 
I'cnrilh Kamlstonc and its associated breccias. It 
was formerly known as the Lower New Bed, an'' 
is again be.ing recognised by that term. Dyas is 
correlative to Trias, or Upper New Bed. 

Dyes and Dyeing. Until the mitldle of the nine¬ 
teenth century the substaaces used for producing 
colours on textile fabrics iverc mostly derived from 
the vegetable kingdom, and con.sisted of tlie wood, 
leavc'.s, seeds, etc., of various plants. The discovery 
by Dr. Perkin, in IH.'ifi, of mauve, the first dye 
derived from coal tar, and the subsequent introduc¬ 
tion of innumeralile coal-tar dyes due to this dis¬ 
covery, have e.ntirelj’revolutioni.sCd the art of dyeing. 
The earlier coal-tar dyestuffs usually known as 
Aniline Dyeh yielded mostly bright colours of 
inferior fastness to light. In however, followed 
the syntliesi.s of alizatine, a substance identical with 
the colouring ma.t.u*r of the madder plant, and yield¬ 
ing extremely fast colours, including Turkey red, on 
cotton. More recent di.scoverie.s have furnished us 
with the Azo Dyes (which have largely displaced 
cochineal in wool dyeing); a series of colours, com¬ 
mencing with Congo nul, which dye cotton direct in 
one operation, the sulphur dyes yielding fast coloum 
on cotton ; and synthetic indigo, itlentical with 
Inptqotin, the colouring matter of natural indigo. 
The only vegetable dyestuffs still used to any con¬ 
siderable extent arc logwood, and to a gradually 
lessening degree natural indigo. The coal-tar dye¬ 
stuffs now at the dyer’s command enable him to 
produce every imaginable colour with almost any 
desired degree of fastness on every varie.ty of textile 
matctriul, Hfcthodt of Byehuf •• These may be best 
explained by attempting a classification of the 
various dyes bared on their application to animal 
and vegetable fibres. The methods of silk dyeing 
resemble those for wool, whilst linen and other 
vegetable fibres are dyed similarly to cotton. Dye¬ 


stuffs may he divided into those which require a 
mordant and those which do not. A Mobdant is a 
substance which, when applied to the fibre in con» 
junction with a dyestuff, combines with the latter to 
produce a useful colour. The mordant is usually 
applied before the dye, as in dyeing a lo^ooo 
black on wool. The wool is first boiled in a solution 
uf bichromate of potash, and afterwards in a deet>o- 
tion of logwoml. In special cases the mordant is ^ 
applied after the dye; this constitutes the so-called 
Stuffing ano Saddening method j or the mordant 
may even be applied together with the dye, as when 
a cochineal scarlet is dyed by boiling wool in a 
single bath with cochineal, a solution containing tin, 
and oxalic acid. The group of Mobdant Dyestuffs 
includes; (1) All the best known natural dyes 
(with the exception of indigo, turmeric, orchil, and 
catechu), such as logwood, the red woods (camwood, 
barwood, sanderswood, brazilwood, peachwood), 
madder, cochineal, the yellow woods (weld, old 
fustic, quercitron bark, flavine, young fustic), and 
Persian berries. (2) Alizabike and allied colours, 
most of which ai'e derived from the coal-tar product 
anthracene; examples arc alizarine, anthrapurpurin, 
flavopurpnrin, alizarine orange, alizarine blue, 
anthracene blue, alizarine cyanine, anthracene 
brown, alizarine black, galleine, coeruleino, gallo- 
cyanine, etc. All these moniant dyestuffs have in 
themselves no oolonring power, but when used in 
conjunction with a mordant they produce colours 
which vary according to the mordant employed. 
I'he most usual mordants arc salts containing one of 
the metals chromium, aluminium, tin, copjier, or iron, 
if five pieces of woollen cloth are boiled respectively 
in solutions of potassium bi'‘liromate, aluminium 
sulpliate, stannous chloride, copper sulphate, and 
ferrous sulphate, and then dyed with alizarine, they 
will be coloured respectively bluish red, bright red, 
orange, dull violet, and deep violet. As a rule 
aluminium and tin mordants give the brightest 
colours, copper and iron the deepest, while chromium 
occupies an intermc<liato place. By far the most 
laigely med mordants for wool are t he bichromates 
of potash and soda; by boiling wool for an hour in 
a solution of one of these salts alone, or with smati 
additions of acifls or acid salts, it acquires the pro¬ 
perty of subsequently fixing any of the mordant 
tlyes. The mordanting of silk and cotton is more 
difficult, especially the latter, which usually involves 
several operations; as a rule the solutions are 
applied cold or lukewarm. In one method of dyeing 
Turkey red on cotton, for example, the material is 
steeped successively in baths containing sulphated 
castor oil (“Turkey red oil”), basic suli»hate of 
alumina, and chalk, the first two operations being 
usually repeated several times. Tlieu follow dyeing 
with alizarine, a further treatment with oil, steam¬ 
ing, and soaping. Tannin is used as a mordant for 
cotton when dyeing with the basic colours. In this 
care the cotton is steeped for several hours in a 
solution of tannie acid or in a decoction of myra- 
bolams, sumach, divi-divi, or other tannin matter, 
which is then fixed on the fibre bypassing through 
a solution of an antimony or tin salt. The Non- 
Mobdant Dyestuffs may be subdivided into AciD, 
Basic, and Dibbct Cotton Goloubs. The Basic 
Dyes are applied to wool and silk by merely 
immersing tlic material in the hot colour solution ; 
they arc now seldom u.sed for wool. Cotton is 
mordanted with tannin, and then ^od at a tem- 
peratum below the boiling point. Except for the 
brightest colours, they have been hu|^y zeplaoed 
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by tbd ditbct dyes. Examples of this ^oup are 
.magenta, safranine, Bismarck brown, twyeoidine, 
anramine, malachite green, Tiotoria blue, methylene 
blue, methyl 'violot. The Aoih Dtbs are dyed on 
wool and silk, with the addition of sulphuric or 
acetic acid to the dye bath; for cotton dyeing they 
cannot bo used. For woollen piece goods they find 
a wide a^lication, and are preferred in all cases 
where only a moderate degree of tiistness is de¬ 
manded and a rapid and simple method of dyeing 
is the chief consideration. Several hundred dyes of 
this class are known, including the aso scarlets 
(grooein, •wool scarlet, etc.), naphthol yellow, 
pioic acid, acid magenta, acid violet, fast red, 
cloth red, naphthol black, alkali blue, soluble bine, 
etc. A subdivision of this group comprises the 
Eosivb ColiOUKs. which yield bright pinks fast to 
washing, but very fugitive to light. They are dyed 
on wool with the addition of acetic acid, and occa¬ 
sionally v on cotton in a concentrated bath containing 
oommon salt. The chief dyes of this class are eosine, 
erythrosine, phloxinc, rose bengale, and rhoda- 
mine. The la.st named is somewhat faster than the 
rest, and may also be applied to cotton on tannin 
moi^nt. The Acid Mobdaxt 1)yk.s for wool are 
applied by first boiling the wool in an .acid bath with 
the colour, and tluin adding the mordant to the 
same bath, and continuing to boil for some time 
longer. Such are the acid alizarine, anthracene 
acid, palatine chrome dye.s, diamond blacks, 
etc. The Dihect IJotton Coloitks or Sub- 
ISTAirnvE Dyes, also known as the Benzi- 
Dlinc CoLiODKS, are dyed on vegetable fibres 
in a boiling bath, to which is added salt or sodium 
snlplrate, sometimes also carbonate of soda. In 
certain special cases the colours may be ren¬ 
dered faster to light or washing by an attor- 
treatment with a metallic salt, e.g. copixjr sulphate. 
Certain direct dyes, e.g. primuline, may be converted 
after' dyeing into other colours, possessing greater 
fastness than the original, by treating the dyed 
cotton with nitrous acid (“ diazotising "), and then 
pas>sing into a solution of certain phenols or amines, 
«.y. betanaphthol. The direct colours also number 
many hundred. Bensopurpurine and chr 3 'sopheninc 
are typical dyes of this class. Others tear names 
with the prefixes diamine-, Congo-, bonzo-, direct-, 
cotton-, examine-, pyramine-, Columbia-, Titan-, etc. 
The SULPHITB or Suli'UIDB Dyes resemble the 
direct colours, but require the addition of sodium 
sulphide to the dye l>ath, and mostly yield colours fast 
to ught, washing, and acids. They are distinguished 
by vaiious prefixes : immedial-, katigen-, kryogen-, 

S yrogen-, vidal-, thionol-, cross dye-, sulphur-, eU;. 

'he older dyestuff, cachou do haval, also belongs to 
this group. Of the non-mordant natural dyestuffs 
ObChil is dyed on wool with or without an acid, 
Tubhebic dyes all fibres without addition, and 
CatboHD is dj-ed without addition, and the colour 
developed by a boiling sfdution of bichromate or 
copper sulphate. Indigo extract, prepared by dis- 
soVving indigo in sulphuric acid, is an acid dye. 
Outside the groups enumerated remain a number 
of dyes which cannot be classified; of these the 
chief is Indigo, including both the natural pro<luct, 
-pr^wred from the indigo plant by a process of 
fermentation, and synthetic indigo, derived from 
coal tar. Indigo is applied to both animal and 
vegetable fibres in so-called indigo vats, in which 
the insoluble blue colouring matter is reduced to 
B odourless hody, in^go white, and in this condition 
hrot^t into solutimi by the addition of an alkali. 


The reduction may be brought about by purely 
(memical means or by fennenttition. In the former 
case we have the bisulptute or hydrosulphite •vat 
used for both wool and cotton, contsdning indigo, 
bisulphite of soda; zinc, and lime or caustic soda, and 
for cotton the zinc lime and copperas vats. Ferment.- 
atlon vats ore in this countiy only used for wool, the 
woad vat, which contains indigo, wood, bmn, 
madder, and lime, being the most important. For 
wool dyeing the temperature of . the indigo vat is. 
about 120° F.; cotton is dyed cold. After making 
up the vats the sediment is allowod to settle, and 
the material is then dyed in the clear groenish- 
jxdlow liquor. The goods as they come from the vat 
are green in colour; by the oxidising action of 
tlie air indigotin is regenerated, and they are dyed 
blue. The colour possesses great fastness to wash¬ 
ing, acids, alkalis, etc., and in medium and dark 
shades is very fast to light. Indantbreue and 
llavanthrene, two colours of recent introduction, 
are dyed by a process resembling the bisulphite 
vat for indigo, and yield respeo^vely blue and 
yellow colours of exceptional fastness. ANlLtKB 
HTjAck is the fastest Itlack known for vegetable 
fibro.s; it is an insoluble black pigment produced 
by the oxidation of aniline on the fibre. This may 
be brought about by working the cotton, etc., in 
a bath coiiUiiuing aniline, a mineral acid, and an 
oxidising agent. The presence of small quantities 
of salts of certain metals, e.g, vanadium, has a very 
favourable influence on the development of the 
black. Sometime.s dyeing takes place in a cold 
solution, and the black is afterwards developed by 
steaming or ageing. If not well dyed, aniline black 
tend-s to rub off and to become green on exposure t o 
acid vapours. I’ahanitbaniline ItED : Certain 
azo dyes maj* be produced on the cotton fibre by 
successivelj' steeping in solutions of the different 
constituents of the colour. The best known dye 
of this class is paranitranilinc red, produced by 
impregnating the cotton with betanaphthol, rlrjdng, 
and developing in a solution of dhizoti.sed parani- 
trauiliue. Minkuae Dyes ; Thes'e are now seldom 
used in dyeing, though still to some extent bj' the 
calico print(!r. They arc l‘rus.sian blue, produced 
on cotton by .suecessiv'e treatment with prussiate 
of potash and iron sales, and on wool by decom-* 
[Kjsition of prnssiates with mineral acids,—chrome 
yellow and orange (load chromate); manganese 
brown (manganese hydroxide); and iron buff 
(feiric hydroxide). The Maciiinebt employed in 
dyeing vanes from a simple pot or tub, in which 
the material is stirred with a pole in the mordant 
or dye solution, to machines of greater or less com¬ 
plexity, in some of which, e.y. the Obbbmaieb 
Machine, for loose wool, the material remains fixed 
in one po.sitioii throughout the various operations, 
and the liquids are circulated through it. The 
choice of vessel depends on the nature of the 
material and at what stage of manufacture it is 
to be dyed. Wool may tie dyed as loose wool, yam, 
or pieces, also as slabbing, an intermediate form 
between loo.se wool and j'am; cotton as loose cotton, 
oops, yarn (warp or hank), or pieces; silk chiefly 
as yarn, occasionally in the piece. In selecting 
the dyes to be applied, not only the nature of the 
material must be considered, but also the purpose 
for which the finished goods are intended; and, taking 
this into account, dyes will be chosen aooording to. 
their fastness to light, washing, and the finishing 
operations which the goods may undergo, e.g. 
milling; steaming, hot pressing, etc. For loose 
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wool ycH 7 fast dyds are osnally seleoted, since 
daring the opentions of mannfactore into cloth t^e 
colour will be snbjeoted to the destruotivo influences 
of ligh^ scouring, and so on. An uidispensable 
oonditicm for satis^tory dyeing is that the material 
shall be previously thoroughly cleansed from natural 
or added grease and other impurities. The dyeing 
of Usriou Fabrics, i,e. those containing fibres of 
different kinds, such as wool and cotton, wool and 
silk, etc., offers considerable difficulty; but by 
suitably combining the methods ai^plicable to the 
siinpl3 fibres, it is possible to produce on a fabric 
containing the textile fibres in any combination 
either plain colours or effects «1cpeudent on each 
fibre being dyed a different colour, Tlie correct 
<x>mbination ^ processes to achieve these results 
calls forth all the resources of the dyer’s art. b.b. 

Dykb (CMl-Enff.) A barrier of masonry, earth, 
timrar, etc., used to keep back floods, liigli tides, etc. 

. . . (^Oeol.) A term which originally meant a 

dividing line between two contiguous pai'ts of a 
territory; hence applied to faults which dislu(;ale 
parts of a coalfield, c.y. the Ninety Fathom Dyke in 
Nijrtbumberland. In geologiail descriptions the 
tenn is restricted to the more or hiss vertical 
sheets of intrusive rock which have consolidated 
from a fluid state, and now form waJl-like masses in 
th(! covintrv' rock. Such dykes are generally rcplacive 
in their mcale occurreme ; they may consist of 
eruptive rocks of any composition. 

Dynamical Equivalent of Hegt. It is found by 
exi;»erimont that one caloric, if entirely converted 
into work, would yield very nearly 42,t>00,(KH> crg.s. 
Expressing the same result in engineers’ units, we 
find tdiat the heat necessary to raise 1 lb. of water 
through 1“ F., if entirely converted into beat, i.s 
equivalent to 778 foot pounds. 

Dynamic Metamorphism (Geol.') The mechanical 
{oi luechanico-oliemical,) effect }iroduce(l upon rock 
masses of any kind by nio%cmenLs of the Earth's 
ora.''t acting under ciiusiderable vertiotl pressure. 
Usually the movements which give rise to this effect 
have taken place williin the core of gretit masses 
whose upfier surfaces have been bulgiul into uplands 
/)nt of which mountains Imve afterwards been carved. 
Dynamic metamorpliism usually takes tlie form of 
shearing, due to the differontiid movement of one 
part of the rock affected wit it regard to another 
part. All true Schists (</.«.) are rocks which have 
been affected by tliese shearing movements. 

Dynamics. The theory of forces which arc not in 
equilibrium, as distinguished from Statics iej.r.) 

Dynamite. A mixture of an infusorial earth 
called Kieselguhr (f/.t>.) witli nitroglycerine. The 
mixture is made by hand, and it contains about 
75 per cent, nitroglycerine. The Kieselguhr is 
nearly pure silica (1>8 per cent. Si0.p. Varieties of 
•dynamite are known as Colonia, IIbrcuuks, and 
Vulcan, all of which contain mealed gunpowder 
in addition to nitroglycerine. Giant Powder cor;^ 
tains sodium nitmte, resin, and suipbur, as well as 
nitroglycerine ami Kicstdguhr. 

Dynamo. A dynamo is a machine for converting 
mectianical into elei!tri<‘al energy. The types of 
machine by which this conversion has been accom¬ 
plished are very diverse: but of recent years the 
evolution has been toward a few distinct types, the 
differences between which are chiefly dependent 
npon the various forms in which the electrical energy 


1 _ 

k requiredi These forms may for jpi»Otkable..pidfi- 
poses hesclassifled as follows: X, Cbitilflnuons 
current; xl. Single phase alternating ouirenti XII, 
Polyphase alternating current, I. Tbb OONimaif pB 



OuBBENT Dynamo ; A type of continnous current 
dynamo is shown in fig, 1. A stationary ring A <rf 
cast iron or steel carries a number of salient poles of 
wrought iron or steel B, each of which is provided 
with a field coil c of in-sulatwl coxjper wire. Each 
of the salient poles B terminates in a pole shoo D, 
and within the cylindrical space limited by the inter¬ 
nal fiices of the pole .shoes au armature B and com¬ 
mutator B are revolved by means of mechanical 
energy ajiplied to tlie shaft o, on which E and F are 
mounted. The armature B consists of a suitable 
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spider carrying a core H of laminated iron or steel, 
which completes the magnetic ciieuit for the mag¬ 
netic flux flowing through A and B in virtue of the 
magnetomotive force imparted to the field coils O by a 
continuous current sent through them, either from 
an independent extemal source, in which Case the 
dynamo is said to be “ separately excited,” or from 
the dynamo itself, in which case it is “ self exci^d.” 
The external periphery of the laminations of which riie 
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onnafeure core is constructed, is provided with slots 
at I, caring the armature winding, of which the end 
connections are seen at j. From suitable points in 
the armature winding, connections arc carried to the 
commutator segments K. These commutator seg¬ 
ments, of which a commutator generally contains a 
very large number, are flat plates of copper, generally 
of some such shape as tliat shown in the figure. 
These alternate with sheets of mica, which insuluie 
them one from another, and they are further insulated 
from the commutator spider by suitably sliaped 
cones and cylinders of mica or micauite. Brushes of 
carbon or copper, carried in suitable brush holders i,, 
are arranged to bear upon the cylindrical surface 
of the commutator, and from the brush holdcns 
suitable circuit connections are made for transmitting 
the current from the dynamo to the point or points 
where it is required for lighting, power, or other 
purTOses. In virtue of the revolution of the armature 
in the magnetic field, electromotive forces are induced 
in the armature conductors, and the amount of 
current delivered from the machine is proportional 
to the value of the resultant of these electromotive 
forces (i.e. to the terminal electromotive force) and 
to the resistance of the external circuit. The most 
convenitmt formula for determining the voltage of 
oontinuous current dynamos is V = 4'00 T N M 10-», 
in which V = the voltage generated in the armature; 
T =>« the number of turns iu series between the 
brushes ; N = the number of magnetic cycles per 
second; M = the magnetic flux (number of C G B 
lines) included or excluded by each of the T turns in 
a magnetic cycle. V, the voltage, is approximately 
constant during any period consideretl, and is the 
integral of all the voltages successively sot up in the 
different armature coils according to their position 
in the magnetic field. It will be found that the 
relative magnitudes of T, N, and M may (for a given 
voltage) vary within wide limits, their individual 
magnitudes being controlled by considerations of 
heating, electromagnetic rc:actions, and specific cost 
and weight. The production of the fluxM is effected 
in several ways, the chief of which aic as follows :— 

(1) Permement Meld Magnets: The field magnets 
are built up of plates or layers of hard steel, pei- 
manently magnetised in the same way as an ordinary 
horseshoe magnet. This type is usually termed a 
Magnetoslectrio Machine, and has only been 
used for medical purposes or as a mere toy until very 
recently; but it is found to be very convenient for the 
production of an electric spark for the ignition of 
the charge in gas and petrol engines, and is now 
becoming increasingly com¬ 
mon. In by far the larger 
number of dynamos the 
field is produced by electro¬ 
magnets, as in the type 
described above, and the.se 
differ among themselves 
in the manner in which 
the current is obtained. 

(2) Separately Excited Dy¬ 
namos : Tlie coils of the 
field magnets are supplied 
with current from an in¬ 
dependent source. In large 
electric lighting stations a 
subsidiary dynamo is often 
used solely for this purpose, 
and is termed the Exciteb 
or Exciting Dynamo, 

(8) Series Machines (fig. 2) : 
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In this form the whole onrrent produced by the 
machine passes round the coils of the field magnets, 
which consist of relatively 
few turns of wire of large 
cross section. The coils 
of the field magnets thus 
form part of the main 
circuit. (4) Shunt or 
Shunt Wou7id Machines 
(fig. 3) : In these the coils 
of the field magnets con¬ 
sist of a large number of 
turns of somewhat flue 
wire, connected to tlie 
terminals of the machine 
in such a way tliat a 
portion of the main cur¬ 
rent passes round them, 
i.e. tlie coils form a Shunt 
to the main circuit. This 
is the most usual method 
of excitation in machines 
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intended for ordinary electric lighting. The method of 
making the connections for series and shunt machines 
is shown diagrammatically in figs. 2 and .“I. In fig. 2 
the whole current must 
pass through tiio field 
coil, which is in Series 
with the main circuit, 
while in fig. 3 the field 
coil forms a SHUNT or 
alternative path for the 
current. (5) Compound 
Windmg (fig. 4) : in this 
case there arc both series 
and shunt coils. The 
main current flows 
through the series coil, 
but a portion is shunted 
off thrciugh the shunt 
coil; a decrease in the 
resistance of the main 
circuit will then increase 
the amount of current 
flowing through the 
senes winding, and therrfore increase the magnet¬ 
isation of the field magnets. By suitably adjusting 
the series w'inding.the 
B. M, F of the dynamo 
can be kept very con¬ 
stant, even though 
the resistance of the 
main circuit vary con¬ 
siderably. (0) Multi¬ 
polar Dynamos: In 
the earlier days a large per centage of continuous 
current dynamos were constructed with but two poles. 
With increasing capa- ^ 

cities it soon became P _ 

evident that a bi- ..-''“■''v 5 ( 

Xjolar design - —m 

unsuitable, and 
numbers of poles' 
employed. As 
dynamosare at jirescnt 

of the raultifKilar type, — v': - ■p' 

the term is now rarely ' J \ ' 

employed. i,a. 

of the Magnetic Iwld 

of a Dynamo : If the field magnets are excited, but 
no current is flowing in the armature, the lines of 
force run as shown in fig. 6, while if the current in 
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the armature were alone flowii^, the lines would 
take the form shown in iig, 6. When the machine is 
in action, the actual nature of the magnetic field is 
due to the combined effect of the field magnets and 
the Cboss MAeNBTlSATiON due to the armature (or 
ABMaTtTRB Reactiok). This is shown in fig. 7. A con¬ 
ductor at A or B is for the moment moving parallel to 
the lines of forcjs, and not cutting them; hence there 
is no E.M.F in it at this 
instant. While a con¬ 
ductor is approaching 
A (in the direction of 
the arrow), the cur¬ 
rent in it is flowing 
towards the observer, 
and as the conductor 
recedes from A, the 
direction of the current is changed, and it flows 
away from the observer. The reverse of this occurs 
at B. The line ab is called the Diameter op 
COMMUTATIOK, and the points on the ooramuiator 
which are in connection with the conductors at A and 
B are termed tfie Neutrai. roiNXS. The brushes 
touch the commutator at these points, and are carried 
on movable supports, so that the point of contact can 
be adjusted to follow any variation in the position of 
the neutral points. In modern dynamos the brushes 
are by these means set once for all at that position, 
giving the best results for aJl loads. The correct 
position is chiefly dependent upon ttie magnitude of 
the reactance voltage, a term of such importance as 
to justify a brief diwussion of its mctuning as relatf d 
to occurrences in the coils short ciienited during 
commutation, and to the occurrences at the brushes. 
A single armature turn, connected to two adjacent 
segments, is shown in fig. 8. 

Trior to coming into the po.sition 
of short circuit under the hrusVi, 
it has been carrj ing a current of, 
say, 100ani|)fcrc>s in one direction. 

Immediately after emerging from 
Che jjosition of short circuit, it 
will bo carrying a current of 100 
ampferes in the other direction. 

The change must take place 
sparklcssly. With this end in view, the brushes 
may be set at such a point on the commutator 
that daring the time when the coil is short cir¬ 
cuited it will be traversing a magnetic flux of such 
direction as to tend to reverse the current in 
the coil. But this tendency must be sufiicieutly 
strong to overcome the reactance voltage set up in 
the coil itself by the decreasing current. This 
reactance voltage is greater tlie greater the current 
in the coil when it arrives at tlie position of short 
circuit under the brush; i.e. it is greater the greater 
the loiul. Hence a stronger reversing field is required 
the greater the load. At no load a very slight for¬ 
ward lead to the brushes will bring the short 
circuited coil into a strong reversing field. But at 
no load no reversing field is required, since there is 
no current and hence no reactance voltage to be 
overcome; and if the brushes are given rnoro than a 
very smiill forward lead, sparking will ensue in 
consequence of tlie current induced in the coil while 
short circuited, for this current must be broken when 
the coil leaves the brush, t.^. when it emerges from 
the position of short circuit. At a high load, when a 
strong reversing field is required to overcome tlie 
laq^ reactance voltage, the field has been so 
di^rted by armature interference that a very large 
lead of the brushes may be necessary in order to 




bring the short circuited coil into a suflSoiently sfarong 
reversing field. Hence aU that can be accomplished 
by this so called ** electromagnetic commutation " is to 
ohoose a brush portion as far forward as posable 
without Incurring sparking at no load, and to tate 
the machine at that load .which does not cause 
sparking in this position, for it is now many years 
since the practice of permitting different brush 
positions for different loads has been abandoned. 
The llBsiSTANCB of the brush also assists in check¬ 
ing the current originally flowing in the coil. Owing 
to the unsatisfactory nature of the electromagnetic 
commutation,” where, as we have seen, the means 
upon which we rely become weakened in proportion 
as they should he strengthened, it is sometimes pre¬ 
ferable to set the brushes in the geometrical neutral 
point, and, abandoning ail trust on “ cleotromagnetio 
commutation,” merely design the winding with so low 
a reactance voltage at full load as to preclude the 
possibility of sparking. (8) CharacterMic Carvet: 
These are curves showing the relation between the 



current and the potential difference at the terminals 
(external characteristic), or the current and the 
E.M.F. generated in the armature (total character- 
i-stic) of a dynamo. They are very instructive and 
important, and they give a great deal of Information 
about the internal working of the machine. Fig. 9 
shows the form of this curve for a Skbies WobkD 



Fia. 10. 

Dtmaho, the current being ]^lotted along the line 
OA and the B.M.F. along the hne ov. Fig. 10 shows 
the corresponding curve fox a shunt wound machine. 
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Hie tena “ Charaoterlstiio Carves ” is nowadays 
nsed la a mnoh wider sense to apply to any carve 
charaoteristlo of any other featare of the perform¬ 
ance of a dynamo. II. Thb SiManB Thasb Alxsib- 
KATIMO CUBBBKT DTHAMO, W ALTEBNATOB : If a 
simple closed ciroaitbe rotated with aniform velocity 
in a aciform magnetic field, there will be pro¬ 
duced in it a var;>*ing current whose value at any 
given instant may be represented by a Sink Curve 
(fig. 11), Supposing the coil to be originally at right 




angles to the lines of force, and to make a complete 
revolution in T seconds, the changes in the current 
can be seen from the figure. It commences at 0, 
rises to a maximum after J T seconds, falls to 0 in 
^ T seconds, and is then reversed, becoming 0 after 
T seconds or one complete revolution. In the 
modem practice t is a small fraction of a second, 
commonly not over so that each comidete change 
only occupies of a second, and there are 50 com¬ 
plete changes or tlYCLES per second. The simplest 
form of alternator would bo a flat coil o (fig. 12) 
revolving be¬ 
tween the poles 
of a field mag¬ 
net, which is 
separately ex¬ 
cited. The 
ends of the coil 
are attached to 
two metal rings 
termed Slip 
Bungs, bb, 
fixed on the 
shaft, but in¬ 
sulated from it, 
and brushes BB collect the current from these rings. 
The modem commercial machine is, however, of the 
internal revolving field type, the armature windings 
being carried on an external stationary ring. 111. 
The Polyphase Alternating Cubbent Dynamo 
is now far more widely employed than the single 
phase alternator. In general construction the two 
types are identical, except that the external statiomiry 
armature carries a number of windings arranged with 
a given phase displacement from one another. They 
are generally wound for cither two or three phases. 
The continuous current excitation is carried to the 
field coils on the revolving field by means of brashes 
beariiig on two slip rings. A machine wound for 
g^erating polyphase currents has a much higher 
capacity than when wound single phase, and is there¬ 
fore more economical as regai-ds first cost. Polyphase 
as well as single phase 
alternators may be, and 
formerly sometimes 
were, ccmstructed of the 
inductor fype, in which 
both the field magnets 
imd the armatutre colls 
'toe fixed. This is 
shown diagrammatically in fig. 18. Here a large rit^ 
of soft iron B has a number of projecting poles, of 
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which those marked a axe wound with the arma¬ 
ture coils, while N and s are poles of the field nragnet, 
being idtetnately positive and negative.' HM are 
masses of. soft iron rotated by a centtid shaft. In the 
position shown lines of force run from the positive 
pole N to the first armature pole A. As the mass of 
iron moves to the right the number of lines entering 
A from N diminishes, until M is immediately under A, 
when the effect due to N is exactly neutralisea 
by the effect of the negative pole s; as the mass 
H still moves on, the lines run from A to 8, «.(>. they 
are reversed. Thus if A be wound with a coil, an 
alternating current will be produced in this coil. 
pancheonous Alternating Cubbent DSnamos; 
All the alternating current dynamos described above 
must run at synchronous speed. During the last two 
years there has been indei)endently developed by 
Ijatour and Heyland the panchronons type of alter¬ 
nating current generator, in which the revolving l^d 
carries a commutator on which are arranged (for three- 
phase working) three oquispa(«d sets of brushes 
per pair of poles, three brustics being in conducting 
connection with the tlirw-phaseF- supply either 
directly or through transformers. Such panchronous 
dynamas are self exciting, and while the revolving 
field is preferably dri\ en in the near neighbourhood 
of synchronism, as this is the condition correspond, 
ing to the best commutation, there is no occasion 
f(ir the preservation ot absolute synchronism, and 
this feature, together with the feature of sc'lf excita¬ 
tion, bids fair to lead 1o the extended introduction of 
this class of alternating current dynamo. 


Dynamometer, Electrical. An instrument in 
whicli the mutual action of two adjacent circuits in 
which currents are flowing is utilised in order to 
measure tiie strength of the currents, or. move exactly, 
tlitdr product, .since the meohanieal force exerteri by 
one circuit on the other is, generally, proportional to 
the product of the c'urrents. The piinci])le of the 
instrument can bo illustrated by replacing one pan 
of a common haliince by a flat coil, round wliicn a 
current can be sent; a second flat coil is fixed to the 
baseboard of the b.'dance, parallel to and im¬ 
mediately below the first coll. If currents C| and 
C, are cau.-ed to flow ri.und the two coils, then there 
will be a force exerteil between the two coils pro¬ 
portional to the jjroduct ^',0.^. If the direction of 
the currents be such that this force is one of attrac¬ 
tion, it can be balanceil by the adflition of weights 
to the oilier pan of the b.alance until egailihriani is 
restored, and tljc total nuiss added is proportional to 
C,Cg. If the same current circulate round both 
coils, then the mass added to restore equilibrium is 
[iroportional to the square of this current. By an 
‘•xperiment with a known current the value of the 
constant required to find the value of any current 
cun be ffutnd. In Siemens’ Dynamometer one 
coil is fixed to the base or stand of the instrument, 
and the other is suspended, by means of a helical 
spring or a bifilar snspeusion, from a torsion head 
(fitted with a pointer moving over a graduated disc), 
with the i>lane of its windings at right angles to 
that of the first coil. When tlie current passes, the 
movable coil tends to turn, and is brought back to 
its original position by means of the graduated head. 
The amount which the head is tamed is proportional 
to the couple requiretl to bring the coil back to its 
original or zero })osition. and therefore to the 
product of the currents flowing in the two coils. 
When the instrument is used to measure a current, 
the two coils of the instrument are connected in 
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fleries, eo tibat the same ctmStit flows tbroogb both; 
the i&Btnunent then serves as^ an ammeter. When 
used as a WATTHBTIIB, or instmment for measnring 
electrical power (f.e.), one of the circuits nsually 
consists Qf a large ntimber of turns of thin wire, 
having a high reliance. Ibis circuit is connected 
as a f^unt across the terminals of the apparatus or 
machine in which the power is to mcasuied. It 
therefore receives a current proportional to the 
potential difference (volts) between the terminals of 
the machine. The other circuit is of low resistance, 
and is connected in series to the main circuit of the 
apparatus, so that the whole current supplying the 
latter passes through it. The force exerted by one 
coil of the dynamometer on the other is proportional 
to the product of the current flowing through the 
given piece of apparatus and the potential difference 
at its terminals (amperes x volts), i.e. to the 
electrical power supplied to the apparatus. The 
dynamometer possesses the great advantage that it 
can bo used for measurements of alternating 
currents; for if tlio two coils be so connected that 
the currents in tllem are both reversed, the resultant 
mechanical force between them is unchanged in 
direction. In measuring alternating current power, 
however, it is important to ensure that the self- 
induction of the “ pressure ” coil, i.e. the one in 
which the current is required to be inoportioiial to 
the voltage, is kept as small as possible, or, more 
correctly, that its Time (lo^^STJi^^T is practi¬ 

cally zero. If this is not the case, a lag (r/.v.) is 
[)rodnctMl, which introduces a .source of error in the 
measurement. 


Dynamo Electric Machines. The older name for 
the Dvnamo (r/.«.) 

Dynamometer, Mechanical. A mechanical 
dynamometer is an instrument for measuring the 
mechanical power wViich is being transmitted to 
or from a machine in motion. (1) Absorption 
Dynamomkteus : These absorb entirely the power 
they receive, usually convortiug it into heat, wliich 
i.s dissipated into the atmospljcrc. They are com¬ 
monly known as Bbakk Dynamombtees, as they 
depend upon the apj)licatioii of a kind of brake to 
a rotating wheel, such as the llywdieel of an engine, 
whose actual output of power (termed the Brake 
House Power) has to be measured. In fig. 1, a is 
a rotating flywheel, over which 
j)ii.«Ke8 a belt or band carrying 
at one end a large weight w, 
and at the other end a .small 
weight ■«*, or else a spring 
balance attached to the floor. 

When the wrhcel rotates in the 
direction of the arrow, it will 
be found tliat a considerable 
weight w can bo supported in 
the air with the application of 
very little force at «». The 
wheel is then doing work at the same rate as if it 
wcie raising a weight w — w by means of a rope 
coiled round its circumference. If F = w — w, and 



minute is F. Eirm foot-pounds, and is the 

Brake Hor^ Power which the flywheel a is 
capable of giving out. The belt is often replaced 
by a thin steel l^d, the inside of which is faced 
with wooden blocks which bear on the surface of 
the whhel. A modification of this form of dynamo¬ 
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meter is termed the PEOKK BbaXX, - (2) TfiAEB* 
mission DTNAMbMETEBS : The power tonuosmMtod 
by a rotating shaft la equal to the turning mommtt 
or torque multiplied by the angular velocity (2tf!iE> 
As the angular velocity is easily measured W a 
Speed Indicator (y.®.), we can find the power 
have any method by which we can measure the torque. 
An instrument for doing this is known as a 
MiBSioN Dynamometer. The principle upon which 
one form of this instrument depends is indicated 
diagrammatically by fig. 2. The power is being tranS'- 
mitted by a shaft A to a parallel 
shaft B in line with it. To each 
of these shafts is fixed a radial arm 
c and I) (or discs equivalent to / 
these arms), and these arc con- I A 

nected by a spring K, through '- 

which the actual force is trans- 2. 

mitted. When cue shaft is transmitting a torque 
or a couple to the other shaft, there will be an 
extension of the spring B; and if this is measured, 
we can determine the actual torque. Another 
method of measuring the torque is sometimes 
applied to electrical motors or small dynamos. 
It consists in suspending the whole machine 
bodily in a “cradle” or support carried on knife 
edges, which :ire in a line with the axis of the 
shaft. If U torque be applied to the shaft of the 
motor while it is running, the whole machine will 
tend to swing out of the perpendicular, and the 
moment of the couple required to briiq|f it back to 
a vertical petition can easily bo found. This moment 
or torque is thus equal to the torque applied to the 
shaft, and therefore the power transmitted to the 
dynamo is easily calculated. Transmission dynamCs 
are also constructed for measuring tension in a belt. 
If we can t.'’ie the difference in tension between the 
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-The Hbfnbr-altbnbck 
A and B are two pulleys. 


t^ht or driving side and the loose, side of a belt, 
and nmltiply tliis by the velocity of the belt in feet 
per minute, we shall obtain the power which the 
belt is transmitting. The velocity of the belt is 
easily deter¬ 
mined fj’om the 
speed of the 
pulleys, and the 
dynamometer 
has then merely 
to measure the 
tension. Two 
typical ways of 
lioing thi.s are as follows 
Oynamometbb (fig. 3) 
one of which is transmitting 
power to the other. A frame B 
carries two small pulleys c and D, 
which can be moved nearer to¬ 
gether or farther apart. The 
frame is placed in such a position 
that the parts of the belt on both 
sides of the frame make equal 
angles with a line through the 
centres of a and B. The force p, 
required to keep the frame in 
this position, is then found. Let 
T, and T^ bo the tensions of the 
tight and* loose sides of the belt; 
then ji; = sin (T, — Tj); or, if 0 
is small, jo .= tf (T, - TJ. Hence, 
by measuring p and 0, (T, — Tj 
can be found. Another form, 
due to THOBNETcmoFT AND Fboddb, is shown in 
fig. 4. A pulley A is transmltl^ power to a pulley 
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B. The belt is caused to pass oyer two smidl pulleys 
whhse shafts are fixed at c and D to a frame bb. 
Then if T, indicate thp tension on the tight side of 
the belt, and T, the tension on the loose side, the 
frame B will obviously be palled over towards the 
right side, unless a force p be applied to keep it 

EX) 

upright. It can easily be shown that P 

(T, — Tj), and from this the difference in tension in 
the tight and loose sides is found at once; and it 
only remains to determine the speed of the belt to 
obtain Idle power which is being transmitted from 
AtoB. 

Dyne. The unit of force in the Centimetre Gram* 
Second System (C.G.S. System). It is the force 
necessary to give a mass of 1 gram an acceleration 
of 1 cm. per second per second. It is thus a little 
more than the force exerted by the earth on a mass 
of one milligram. 


S. The third note of the scale of C. 

- {Phyx,') The symbol for the Coefficient of 

Simple Elasticity or Young’s Modulus (y.r.) 
Also used (less frequently) for certain other co¬ 
efficients of elasticity, for electromotive force, etc. 

Eagle The eagle is generally borne “dis¬ 

played " (e.y. Prussia) or “ with wdngs displayed ’’ 
(fty. United States), and with beak and claws of a 
tincture different from the body. When more than 
one appears upon a shield they arc called eaglets. 

EaP (A^.) A projecting part through which 
pass bolts or other fastening; more commonly 
termed a Lug. 

- {Plvmih,') The projection on a pipe by 

which it is fixed to the wall; used for rain water 
pipes, waste and soil pipe.s, etc. 

Early English (Arrhifcft.') One of the i^riods 
into which English Gothic architecture is divided. 
The Early English jicriort extended from about 
1189—LW A.D. The following are some of the 
characteristics of Early English work: (1) Deeply 
undercut mouldings. (2) Extensive use of the tooth 
ornament. (3) J-ancet .shaped windows and plate 
tracery. (4) Foliage of a conventional character, 
usually having stiff stems, and known as stiff leaf 
foliage. (5) Detached shafts used in the pillars. 
See Decorated and Uubvii.ineak. 

Earring. A ring, often of precious metal, adorned 
with gems, worn suspended from a hole bored in the 
lobe of the ear. The practice of wearing earrings 
has been common to almost all nations, and among.st 
many Oriental people they were formerly worn by 
both sexes. During the reigns of Elizalxitli and 
James J. it was the fashion for men to wear earrings 
in this country, and the custom still prevails to a 
limited extent amongst sailors in our own day. 

Earth {Eleeti) From the electrician’s point of 
view the earth is a conductor whose potential is 
always zero. Any two points in an electrical system 
which are connected to the earth are therefore 
regarded as being connected together; hence the 
earth is utilised in many cases as part of an clcc- 
^cal circuit, e.g. in telegraphy, when the earth 
commonly forms' a return wire, and to a certain 
eoctent in electric traction, when the return circuit 
1 b formed conjointly by the rails and the earth. 

Barth CloMti. See Clobets, Eabth. 


Earthf Dendty of. The average density of the 
earth is found to be 5'5268 times that of water.. 
As this is far higher than the average density of the 
portion of the earth’s crust known to ns, it follows 
that the central portions must have a very mimh 
higher density than the outer layers. It has bmn 
suggested accordingly that the central part of the 
earth consists of a mass of the heavy metals. 

Earthenware {Pot.) The term applies broadly 
to all pottery which remains, after burning, of an 
earthy character. It is applied especially to white 
or cream coloured wares used for inexpensive services. 
The chief characteristics of earthenware are; soft¬ 
ness of glaze; opacity of body, even when made very 
thin: porosity and absorbency. It is easily chipped 
and not very durable. See article Pottery AJtD- 
POBCKLAIN. 

Earth, Form of {Axtron.) The earth is an oblate 
spheroid, i.e. a solid produced by the revolution of an 
ellipse about its shorter or minor axis. The polar 
semi-diameter (distance of pole from centre) is 3,950 
miles, and the (;quiitorial semidiam^teris 3,963 miles. 

Earth Inductor {Elect.) A flat noil which can 
be turned or spun round about an axis in its own 
plane. When it is .so turned, an electromotive force 
is induced in the coil by the cutting of the lines of 
force due to the earth a.s the coil turns. If the 
ends of the coil be connected to a ballistic galvano¬ 
meter, then the throw of the needle is proportional 
to the number of linns cut by the coil. By observing 
the throw when the coil is spun thraugh half a 
revolution, first about a vertical axis, and then about 
a horizontal axi.s, a comparison can bo made between 
the horizontal and vertical components of the earth’s 
field. 

Earthquake. The violent shock produced at the 
surface of the earth as a result of the suddeu con¬ 
version of snhterranean water into higli-pressure 
steam. The detonations give rise to a series of wave¬ 
like tremors, which progress outwanls in all 
directions from the locality within the earth’s crust 
I where the explosions have taken place. A point at the 
surface directly over tliis is called tiie Epicentrum, 
and it is there that the effect first reaches the surface. 
From that point outward the shucks reach the 
surface later, and with diminishing effect proportion¬ 
ate to their distance from the epicentrum. 

Earth’s Field {Elect.) The magnetic field (^.r.) 
due to the earth, which beliaves as a large magnet. 
The total intensity is •438 (dynes per unit pole); the 
horizontal intensity, -184 ; the inclination or dip, 
67® 9', in London. Tlie variations of these “ magnetic 
elements’’ at different places are shown by maps. 
See Ibouonal attd Isoclinal Lines, etc. 

Earthshine {Attron.) Near the time of new 
moon the whole disc is easily visible, the x>ortion on 
which the sun does not shine having a reddish hue. 
This ligiit is earth-shine, the earth as seen from the 
moon being then fully illuminated by the Bun. 

Earth Wax ((^rm.) Ozokerite (jj'.r.) 

Earthwork {Civil Eitg.) A general term for 
cuttings, embankments, etc. In military engineer¬ 
ing applied to fortifications constructed by excavation 
and by tiie use of the materials so obtained. 

Earthy Cobalt {Min.) A variety of Wad (j.r.) 
containing a variable quantity of oxide of cobalt. It 
is a black pulverulent mineral. Cornwall, Leadhills,. 
Haxony, Bohemia, and Missouri and other places in 
the United States. 
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EMel< A baxae for sapportii^ a pictnre* white 
being painted; also used for supporting blackboards, 
etc. A light j^rtable kind of easel used by artists is 
known as a Bkbtohino Basbl. 

^aael Pictiirey Easel .Piece {Paint.') A picture 
of comparatively small size, i.e. small enough to rest 
upon an easel whilst being painted. Such pictures 
are generally highly finished, and admit of close 
inspection. 

Baaing Motion {Cotton Mcmvfao.) A means of 
easing the weight on the counter faller of mule, and 
therefore on the threads. 

—- {Textile Manvfac.) Motions adopted inleno 
and gauze weaving for slackening or releasing the 
warp during the formation of wliat are termed 
“ cross sheds.” 

Eaa de Cologne. A ];>erfnmc distilled from a 
mixture of the oils of bergamot, neroli, cinnamon, 
cloves, lemon, and rose, tincture of musk, alcohol 
and water. Itosemary and cardamoms are also used 
sometimes. • 

Eaa de JaTelle> An old name for a bleaching 
solution containing putas.sium hi poclilorite, obtained 
by passing chlorine into a solution of caustic potasli. 

Eau de Lace. A rimedy for snake and insect 
bites made from a mixture of mastic spirit, oil of 
lavender and ammonia; or from oil of amber, alcohol, 
and ammonia. 

Eau Forte. The French term for an etching. 
Literally, the term applies to nilric acid, with which 
etchings are generally bitten.” 

Eaves {Jtvild.) The lower edge of a sloping roof. 

Eaves Coarse {Build.) See Doubliko Cobkse. 

Eaves Gutter (Bvild.) The gutter along the 
eaves or lower maigin of a roof. 

Ebonite. An artificial substance composed of 
indiaiubber which has been treated with sulphur 
to a greater extent than ordinary Vxtlcanised 
Rubbbb (i.e.) It is sometimes used for manufac¬ 
turing set .squares, etc., but to a very large extent 
in electrical apparatus, as it is a very excellent 
iHSunATOH (y.r.), and can be easily worked with 
ordinary tools. See also Kubbeic. 

Ebony. See Woods. 

Ebullition {Phys.) See Builikg. 

Ecballium {Botany). The “ squirting cucumber” 
{JScbaUiwm elaferiutn; order, Curnrbitacete) yields a 
purgative drug (olateriuin), derived from the sedi¬ 
ment of the juice of the fruit. 

Eooentrio {JSny.) (1) Anything which is fixed 
“out of centre” 

— i.e. which 
does not rotate 
about its centre 
or axis of sym¬ 
metry. (2) In 
particular, the 
di.so keyed on 
a crank shaft 
“ out of centre ” 
which com- 

inanicates a „ 

reciprocating Bcckswuc. 

motion to the slide valve, really forming a subsidiary 
otank. In the figure, a is the Crank Shaft, b the 
BocJENTRio Shbatb, c the Eccbntbic Hoop or 


Strap, b the Ldqb, d the Ecobntbic Bod. . The diS' 
tance between the centres of the shaft A and the 
sheave B is called the Eocbbtbicity or Thbow of 
the eccentric, and equals half the distance tbe-^d 
of the rod D moves, that is, the Tbavbi. of the valve, 

Ecoentpio Sheave {Eny.) See Eccbntbic, 

Eooentrio Strap {Eng.) See Eccentric. 

Eooentrio Throw Oat {Eng.) A device for throw¬ 
ing the Back Gear {g.v.) of a lathe out of action. 
The back shaft of the gear is carried in collars bored 
out eccentrically, so that on rotating the collars by 
means of a suitable handle, the shaft is moved back 
parallel to itself until the gear wheels which it 
carries are no longer in contact with those on the 
mandrel. 

Eogonine ( Chem.) 

White solid crys¬ 
tallising in prisms; 
melts at 198°, with 
decomposition. 

Easily soluble in 
water; less soluble 
in alcohol; in¬ 
soluble in ether. 

It is Iffivorotatory. 

It is an acid and 
also an alcohol. 

For its preparation 
and some of its 
important reactions see Cocaine. Besides these may 
be mentioned the following; Distilled with zinc 
dust it yields methylamine (CIIgNHs) and a-ethyl 
pyridine, 



CH 

HC 

CH 

HC 

C.C^. 


NH 


Oxidised with alkaline permanganate the methyl 
group (CII,) is replaced by hydrogen yielding 
nor-l-ecgoninc. 

Echinus {Aroh itect.) An ovolo moulding enriched 
with the egg and dart ornament. The ovolo of the 
Doric capital is also known as the echinus. See 
Ovolo and Egg and Dart. 

Echo {So7iud). A sound which is reflected back 
to the car of the observer by some large solid object. 

Eclipse, Lunar {Astron.) When the sun, earth, 
and moon are in a straight line, or nearly so, the 
earth acts as a screen, wholly or partially catting off 
light from the moon, which is said to be eclipsed. 
A lunar eclipse can be seen from one half the earth’s- 
surface. 

Eclipses, Number of {Astron.) In one year seven 
eclipses can occur, either five solar and two lunar,, 
or else four solar and three lunar. The least possible 
number is two, and these will be solar eclipses. 
Any series of eclipses recurs after a period of 
eighteen years eleven days. This interval was 
known to the Chaldeans, who termed it the Saros. 

Eclipse, Solar {Astron.) The moon cuts off the 
sun’s light from the earth by wholly or partially 
obscuring the sun’s disc when in a line (or nearly so) 
between the earth and the sun. Ilie sun is then 
said to be in a state of total or partial eclipse. If tho 
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•daa:^ abadpw oocnpiea the centre of the son’s ^sc, 
leering a bright ring all xonnd, the effect is called an 
annular eclipse. 

Eeliptio (Aittron.) The great circle on the 
celestiu sphere along which the sun’s apparent 
path always lies. 

Beoaomlsers Various types of apparatus 

for beating the boiler feed water before it enters the' 
boiler, by utilising the waste heat in the flue gases. 
Generioally, any plant which, by economising heat, 
increases the weight of water evaporated per pound 
•of fueL See also Boilbbs. 

Economy Coil {Sleet. Eng.') A (.'hokino Coil 

fiotyp® {Art). An impression of a medal or other 
object in wax or other plastic substance; a repro¬ 
duction. 

Eddy Cnrrents {Elect.) Currents produced en¬ 
tirely within a mass of metal through tiio movement 
Or alteration in number of the magnetic lines of 
force passing through it. Eddy emrents tend to 
occur in the cores of transformers, pole pieces of 
the field magnets of dynamos, etc. They arc rednewid 
to a minimum by Lamis.4TION {q.v.) They are 
often termed FouoAult Cukbksts. 

Eddy Winds {Metcurol.) See Wuiblwisds. 

Edge {Silh Mnmifac.) &‘e Lizier. 

Edge Coal ( Geol.) The lower Carboniferous coal 
seams of Midlothian happen to occur along a zeme 
where the strata have been thrown into the limb of 
an earth fold which is steeply inclined. These coals 
are commercially important, and it is often required 
to distinguish them from the Uf»per Carboniferous 
ooal seams which are worked in the same area: 
hence the name. It is merely a local tenu. 

Edge Bonner. A form of miU used for grinding 
or txmsbing many materials, such as white lead and 
•other pigments, dry soap, putty, mortar, pulp, paper, 
etc. It consists of circular stones or rollers mounted 
so as to run on their edges in a circular hopper or 
pan, into which is placed the material to bo ground, 
in some forms the pan is stationary' ami the stones 
revolve, while in others the pan also revolves. 

Edinburgh Wheel. A type of candle-making 
wheel by which the wicks on the dipping frames 
could be immersed in the tallow bath in rotation 
Without detaching the frames from the wheel at 
•every dipping. Virtually superseded by the mould¬ 
ing machine. See also Canuli'. 

Bdinol {Photo.) This substance belongs to the 
class of so-called rapid develojjers, and posse.sses the 
.advantage over some of them of greater solubility 

S d good keeping qualities. It develops images 
ry free from fog, and is cup.able of considerable 
modification to suit various kinds of work. 

Edison’a Phonograph. See rnoNOuBAPB. 
Eduction {Eng.). 'J'he Exhaust {q.v.) or leading 
cf the steam, etc., from a cylinder after the stroke 
is completed. 

Eduction Port {Eng.) The channel for the escape 
of the steam, usually termed an Exhaust Post. 

Mulooration ( Chem.. etc.) 'Washing a substance 
to remove soluble impurity. 

Eel {Zoology), The eel {AngidUa vulgaris) is 
common to the greater part or Europe. 

Effective Current, sr Voltage {Elect. Eng.) See 
ViBTVjI^ OUSBEMIC and YIBWAJj Voltagb. 


Bffeotinra Heating Surface {Eng.) The of a 
steam boiler which nas water on one side and the 
fire (or hot gases) on the other. 


Effective Span {Build.) The horizontal distance 
between the centres of the bearii^s of a girder. • 

Effecte ( Chem., Eng.) The separate Vaounm units 
of a multiple effect evaporator. See EVATORATOBS. 

Effloieney {Phyt., Eng.) In general, the ratio 
between the useful energy obtained from a particular 
machine and the energy put into it. Thus if power 
to tlte amount of I,IKK) watts be supplied to a 
transformer, and 950 watts be obtained tnun Ity, the 
efliciency is 95 per cent., or '95. 


Efficiency of Heat Engines. The efficiency of a 
heat engine is the ratio of the work done to the 

W 

lieat supplied to it; that is, the fraction -jj, where 

H 

W is the work deme and H the amount of heat 
supplied (IV and IZ must be measured in the same 
units). If the original temperature of the working 
sniistanoe (stesun or other gas) at th» commencement 
of tlie stroke of a perfect engine be T,, and at the 
end of tlie stroke be T.„ tJien the efficiency is 
W T,-T., 

II * T. '■ 


Effioresoenee {Chem.) iSalts which crystallise 
witli water of crystallisjition have a definite vapour 
pressure; when the vapour prc.ssure of such a salt 
exceeds that of the almos])lieric aqueous vapour, 
the salt, when expo,soil to air, will lose part of its 
water of orystallLsation; this phenomenon is called 
efflorc.scencc. The word is also employed in quite a 
different way lo denote the appearance of a wliito 
powder oil a damp wall or oilier porous surface. 

Effraye {TTer.) A horse “ salient ” or rearing, as 
in fear. 


Effusion of Gases (Phys.) The passage of a gas 
through a jwrous partition or siniiU opening; the 
rate of effus-ion is directly proportional to the square 
root of the difference of pressure on the two sides of 
the partition, and inversely proportional to the square 
root of the density of the gas. See also Atmolysis. 

Egg and Dart, Egg and Tongue, Egg and 
knehoT {Arrhdi ef.) A lepoating ornament, carved 
on an ovolo in classical arcliitecture, resembling a 
series of cgg.s separated by darts, Tlic Greek egg 
and tongue, like till other Greek ornament, is much 
more refined and gmceful than the Eflinan examples. 

Eggertz’s Test {Met.) A uolorimetric test for 
the estimation of combined carbon in steel and 
wrought iron. 

Egg Shell {Pot.) Porcelain of extreme thinness 
and delicMicy, originally made in Chinn. 

Eggshell Gloss (Bee.) See B.astahd Flattinq, 

Egg Sleeker {Moulding). A tool with a rounded 
face, used for smoothing hollows in a mould. 

Egyptian {Typog.) A heavy or fat faced style 
of t 3 pe (EH) now' rapidly being replaced by more 
modem and graceful styles. 

Egyptian Blue {Arclueoi:) A crystalline blue 
pigment used by the Romans. Examples occur in 
some of the frescoes in the Vatican. 


Egyptian Jasper {Mm.) A banded brown variety 
of J AsriSB, an impure opaque form of silica. 

Eidograpfa {Surveying). An instrument for re¬ 
ducing drawings to a smaller scale. > 
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(Print,} A shoot of paper folded 
loto eighteen leaves; the same as octodecimo. 
Usually written 18mo. 

^ Ki^tb Bead (Eng,} A bent pipe whose length is 
one>eighth of the ciroumference of a circle; used for 
joining two pipes which make an angle of 22^ degrees 
with one another. 

Sight to Rea Leads (Tgpog.} IMn leads 
measuring in tiiiokacss eight to one pica, used by 
printers to put between lines of type to white out or 
lengthen the printed matter. 

Eikonogan (Pluito.) The sodium salt of amido-j3- 
naphthol sulphonic acid (C„,HjI?H.pilHO,Na). This 
developer is valuable in portraiture or where soft 
negatives are re<iuired, as well as for snapshot work, 
and for use with orthoohromatio plates. Mixed 
with hydroquinone it is a favourite with many for 
general use. 

Blcsis (Botany}. A genus of palms, consisting of 
two species, one in tropical America, the other in 
Africa. These •palms yield a valuable oil See 
Palm Oil. 

Elaidic Acid (am.), 

A white solid melting at 51', It is isomeric with 
oleic acid, and is fonued from it bj' the action of 
nitrous acid; it fonns a dibrornidc, and is reduced to 
stearic acid by hydriodio add. Its glyceryl ester is 
called Elaidtn, and is formed from olein by the 
action of nitrous acid, just as daidic acid is formed 
from oleic acid. 

Eland A well known South African 

antelope, Oriutt canna, whose hide and flesh are 
valuable. 

Elasmobranchii (ZoohHjy). A subclass of Ashes, 
comprising the .sharks, doglishc.s, skates, and ray». 
Tl)ey are characlcji.sed by a cartilaginous (not lx)ny) 
skeleton, tooth scales on the skin, absence of a gill 
cover and swim bladder, (dc. 

Elastioa (PJiye.} The curve aasamed by a uniform 
strip of clastic inuicrial, sulrjecd to two equal and 
Opposite forces acting in the same straight line. 
Also called the Elastic tluiivu and Ltska Elastjca. 
A bent bow is an example of this curve, and v-arious 
other forms can be obtained by bending a steel wire 
or watch spring. 

Elastio Bitumen or Elaterite (Min.) A soft and 
. elastic hydrocarbon of a brownish black colour, with 
a peculiar characteristic odour. From Derbyshire, 
Edinburgh, Franco, Switzerland, etc. 

Elastic Fatigue (Phye., Eng., etc.) A falling off 
in valne of the elasticity (g.r.) of a body when it 
has been subjected to a long continued stress or 
sucoession of stresses. The effect is very marked 
when the stresses have been altci-nately applied and 
removed. The exact nature of the changes which 
occur is obscure. There may be definite molecular 
changes, or the results may bo due to the development 
of minute flaws in the material. 

EllUltioit; (Phys., Eng.) That property of matter 
in virtue of wMoh it offers i;psistance or opposition to 
external forces which tend to change its form or 
dimensions. It is necessary to notice that this 
definition does not denote quite the same idea as 
is attached to the word elasticity in ordinary use; 
for instance, n piece of steel, which offers a much 


higher leMstance to ehai^ of dmpe. thsa iodia* 
rubber, is (in scientific language) more elastio than 
indiarubber. i’. .-. 

Elasticity (Gotton Mamfao.) The amour^ of 
stretch or pull the yam will stand before breaking-^ 
very important factor in warn yarns. Testing macmiuifs 
are employed to ascertain the elasticity and breaking', 
strain. 

- (Woollen Manufac.) A term applied to the 

staple of wool, the yam, and to the woven fabric. 

-, Coefficient of (Phys., Eng.) The ratio of 

the stress set up in a body, to the strain which 
produces it. See Stbess and Htraik. Expressed 
as an equation, this gives 

. Stress 

C’oeffioient of Elasticity = 

A coefficient of elasticity is thus equal to the stress 
which produces unit strain, and is measured in the 
same units as the stress. 


Elasticity of Bulk or Volume ElaBtioity« The 

stre.«s in this case is the increase of pressure^ per 
unit area; the strain is the diminution per unit of 
volume. If a pressure p be applied per unit area of 
a bod}', and the volume be diminished by an amount 
V ; then if* the original volume be denoted by Vi the- 

strain is and we get 

Coefficient of Bulk Elasticity = jp -• ^ 

Gases and liquids can only offer resistance to ohango 
of volume and not to changes of shape. From the 
definition of elasticity (g.v.) it is therefore evident 
that they can possess bulk elasticity only. 

Elasticity of Compression (Phys., Eng., ete.) In 
the case of simple c.mipression the stress is the 
pressure applied per unit of area, and the strain is 
the diminution per unit of length (rncasured in the 
direction of the stre-ss). Thus, if a pressure p be 
a])plitod to the end of a bar of cross section a, the 

stress is If the original length of the bar be L 

a- 

and the amount of compression be I, then the stiain 
is j^. Then if E be the coefficient of elasticity of 

compression, we get 

_ Ktress _p ^l 

filiain a ' L al ’ 

This result is simiLar to that obtained for the elonga- • 
tion of a body (see Elasticity op Elongation), 
and the coefficient is in very many cases the same 
in amount. 

Elasticity of Elongation (Phys., Eng., etc.) In t^ 
case of simple elongation the stress is the stretching 
force per unit area ; the strain is the elongation per 
unit length. If a bar of length L and cross section a 
be stretched by a force till its length be increased 

by an amount I, the stress is-? and the strain is 

a 

^ Then the coefficient of longitudinal elasticity^ 

or, as it is often called, the value of Yoig(iG'» 
Modulus, for the material is 

E = P —-i - Pk. 

Strain a ' L al’ 

The value of E is given in units of force per unit of 
area. For engineering purposes ,|l> is usnal]|r given ^ 
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in tcms per square inch. The values for some of the 
most important materials axe as follows: 

* Toma per Square Dynee per Square 

Isdb. Ceatimetre. 


Steel (tempered) 
Steel (mild) 
Wrought Iron . 
Oast Iron . 
Copper (drawn). 
Brass (wire) 
Teak . 

Ash . 

Oak . 


16,000 

26 

10" 

13,200 

20-8 

10" 

19,000 

20-6 

10" 

6,260 

9-8 

10" 

7,880 

12 

10" 

6,350 

10 

10" 

1,070 

1-76 

10" 

717 

111 

10" 

655 

1-01 

10" 


Blaatiol^ of Flexure. The coej£cient of elasticity 
concerned in the simplest cases of bending is Young's 
Uodulus, or the elasticity of elongation (g’.r.) Sue 
alto Bbam. 

Elastioity of Oases (Pkyt.) The only kind of 
stress to which a gus can be subjected is the increase 
of pressure per unit area; the strain produced by 
this stress is measured by the diminution which each 
unit of volume of the gas undergoes. The ratio of 
stress to strain depends upon thermal conditions, 
i.e. wlicther any heat is allowed to enter or leave the 
gas during the ojwration. If no heat enter or leave, 
the change which occurs is adiabatic (</.r.), and the 
value of the elasticity is then obtained from the 

adiabatic equation, I’V'' = constant. This gives 
E = yl*. If the change is isothermal, the ratio is 
determined by Boyle's Law: I’V =» constant, and we 
get E = P. Thus in one case the elasticity of a gas 
is equal to the pressure; in the other case, to the 
pressure multiplied by y, which is the ratio of the 
specific heats {q.r.) 

Elasticity of Shape {Phyt.) See Toksiok and 

BIGIDITV. 

Elastic Limit (^Eng., Phyt.') The extent to which 
a body may be deformed or strained, and still retain 
the power of completely recovering its original shape 
when the stress is n-moved The greatest strain and 
stress which do not o.xcecd this limit are often termed 
the Euvstic t^TKAiN and Elastic Strbxuth of the 
substance. If the elastic limit be exceeded, the body 
does not recover its previous form on the removal of 
the stress, but retains a permanent alteration of form 
or a “ set.” 

Elastic Packing PACKmo (^.v.) made of 

rubber covered over by canvas. 

Elastic Strain (A%.) Elastic Limit. 

Elastic Strength iEng.} See Elastic Limit. 

Elbow {Eng,, eta.') A short length of pipe bent at 
a sharp nngic. 

- {Mining). A sharp 'oend in a vein or lode. 

Elbow Lining {Carp., etc.) The framing at the 
sides of a bay window or recess below the nosing. 

Elbow Point {Print.) A press point made upon 
an elbow to facilitate pointing in 12mo or IBmo 
works. 

Elbow Press. A special form of screw press fur 
expressing tallow, waxes, and oils from animal tissue 
and vegetebie prurlncts. Intermediate between the 
old types of lever and wedge presses and the modern 
hydraulic press. 

Elder {Botany). The elder {Sanihtusuit niger ; order, 
Caprifoliacete) is of value on account of its fruit, 
flowers, and the pith. The fruit is made into a wine ; 
the flowers are used in making ointment and a 
■''water.” See adso Woods. 


Electrical Lines of^or|fi See Lmatf^p FoiSCB. 

Electrical Machine. A device by which charges 
of electricity can be imparted to objects or difiereni^s 
of potential set up. The name is, however, usually 
confined to machines consisting of revolving plates 
(or cylinders) of glass or ebonite, which are electrified 
by friction (frictional machines) or by induction 
resulting from a small initial charge. See WiMSHUBST, 
Voss, and Holtz Machinb8. 

Electric Automobiles. A light carriage propelled 
by a continuous current motor, which is supplied 
with power by a battery of storage cells, These 
carriages are very smooth and silent in action, but 
the great weight of the storage cells prevents them 
from carrying sufficient power for long runs. On 
this account tiioy are only suitable for town use cm a 
” Itunabout,” never moving fur from places at which 
the storage battery can be rechaiged. 

Electric Charge. A definite quantity of “elec¬ 
tricity ” or of " electrification.” Maxwell remark^ 
“ The electrifi(a.tion of a body is a pi'ysical quantity, 
capable of measurement. We are therefore entitled 
to use language fitted to deal with electrification as 
a quantity as well as a quality, and to speak of any 
electrifie<l body as charged with a certain quan¬ 
tity of positive or negative electricity.” See alto 
ELBCTIUOiTV. 

Electric Discharge. Ttie dissipation of electricity 
or loss of charge from a body. ,11 may be accompanied 
by visible phenomena, such as sparks, a glowing 
appearance of the surrounding gas, etc., or it may be 
of a nature not evident t(j the somes, and only to 
be dctecleil by electrical means. See DiSCHABOB. 

Electric Furnace. Str Kubnaces. 

Electric Ignition, i&c Ignition. 

Electric Image. An imuginary electrified point 
(or system of points) situated on one side of a 
•■iurface, and producing on the otlier side the same 
elei'trical action which the actual electrification of 
that surface proiluccs. 'J'hose imaginary points 
correspond (to some extent) to virtual images in 
ojjtics, but their positions aro not governed by the 
same laws. 

Electricity. Early writers on the naturo of elec¬ 
tricity supposed it to be t'tber a fluid of peculiar 
properties or el.se two fluids who.se properties were 
coroiJementary to each other or of opposite kinds; 
for example the ONE B’LUCD Thbohy of Franklin, 
and the earlier Two Fluid Theoby of Symmer, 
Later physicists arrived at the conclusion that what¬ 
ever electricity might be, it was not a material 
substance. This theory was based upon many 
considerations arising from the existing know¬ 
ledge of the properties of “material substances” 
or “ matter.” As an alternative it was suggested that 
electricity was a form of energy, but this proved 
untenable. I'rofessor Lodge (now Sir Oliver Lodge) 
stated, in Modern Vien't of Electricity, published 
in 1889, that “ Electricity may be a form of matter; 
it is not a form of energy." Since this was published, 
a vast amount of experimental work has extendeii 
our knowledge of the properties of matter under 
new conditions; these researches include the pheno¬ 
mena connected with the passage of electricity 
through gases, the various newly discovered forms of 
radiation, and the investigation of the properties 
of radio-active bodies. As a result of these re¬ 
searches it has been found by ITofessor J. J. 
Thomson that positive electrification is always 
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Associated .|vith ordinal^ matter, while negative 
electrification is not n^cessaMly so, bnt may be 
' assodated with bodies very mnch smaller than the 
smallest particle of ordinary matter previously 
recognised, i.e. the atom of hydrogen. To these 
bodies the name COBPUSolb or Elbctbon has been 
given. An assemblage of these electrons corresponds 
to the electric flnid, and a negatively charged body 
is one to which a number of electrons have become 
attached. An electric corrcnt is a stream of electrons, 
and a substance which conducts electricity is one 
through which the electrons can move freely. To 
account for positive electrification it is necessary to 
suppose that every neutral or unchanged atom 
of ordinary matter contains, or is associated with, 
a definite number of electrons, together with a posi¬ 
tively cliarged nucleus. If this atom be deprived 
of some of its electrons, it becomes positively elec¬ 
trified ; if one or more electrons (over and above 
the original number) become attached to it, it is 
negatively electrified. The effective mass of such a 
charged atom will not be very different from that 
of the uncharged atom; hence in a gas under or¬ 
dinary conditions of pressure, the positive and 
negative ions will not differ appreciably from each 
other in mass. Bnt when the electric discharge is 
sent through ga.ses at very low pressures, free elec- 
tron.s are projected from the cathode, and it becomes 
po.ssible to measure tlieir velocity, and the ratio of 
the mass of each to its charge. Other niethwls 
enable the charge itself to be nioasured, and as a 
result it is found to be the same as the charge carried 
by the hydrogen ion in the electrolysis of solutions ; 
this is 3-4 s 10—electrostatic units, while the 
ma.ss of the electron is about of that of an 

atom of hydrogen. The action of electrons is capable 
of accounting not only for electrical and ma^etic 
phenomena, but also for many of the well known 
I)hysical and chemical properties of matter; thus 
the Mass, Inertia, Valency, the ])osition of dements 
in the Periodic System, and the character of their 
spectra can all be referred to the behaviour of elec¬ 
trons attaclicd to or separated from the atom of 
elements. In addition to th(.‘se far-teaching results, 
the phenomena presented by ratlio-active sub,stances, 
such as radium, can be traced to tlic properties of 
electrons. It must be pointed out that our definite 
experimental knowledge only applies to negative 
electricity ; the nature of positive electricity (and 
of the positively cliarged particles projected from 
Iladium) is still absolutely unknown, and the ideas 
referred to above are merely speculative. 

Electricity, Atmospheric {3fpte"rol.') The elec¬ 
trical state of the utmospliere varies in amount; but 
electrification is always present, and may easily be 
detected by Electboscopks (^.r.) connected to 
kites, etc., by a conducting string or wire, as in 
Franklin’s early experiments. The I’otential (q.v.) 
of the air is usually positive. In a thunder-storm 
there are sudden and violent changes both in sign 
and jiotential. 

Electric Lighting. The energy of an electric 
current was first transformed into light by the 
agency of the “arc” or spark. Humphrey Davy 
found in 1800 that two touching poinhs in a circuit 
carrying a current gave a flash on being separated. 
The brilliant whitene.«s of tlic spark produced on 
separating carbon 'points suggested the commercial 
value of this phenomenon, and in 1810 Davy ex¬ 
hibited at the Boyal Institution a flame maintained 
between the ends of two horizontal carbons 4 in. 


apart. From the shape of the flame—that of a 
bow or "arc’* of light—the name was derived 
which has since characterised this metbod%f light¬ 
ing ; though, by the now general practice of plamng 
the rods vertically above each other, the distinctive 
form has disappeared. Arc lamps are constructed 
for use on both continuous current and alternating 
current systems. In the latter case the frequency 
(or number of double reversals of current direction 
per second) must not be less than fifty, or else the 
lamps flicker objectionably. They may be grouped 
“ in scries," the same current passing through them 
one after another; “in j^anUlcl” or side by side 
along the feeding circuit, each working indepen¬ 
dently of the rest so long as the electrical pressure 
remains steady; or “ in series parallel,” a number of 
parallel circuits of lamps in series. In the first clasa 
each lamp should have an automatic short circuiting 
device, so that the breakdown of one lamp does not 
extinguish the rest. In the second and third classes 
each lamp should be bridged by an equivalent resist- 
ando, to be automatically thrown in if the lamp fails, 
to maintain the steady burning of the rest. An arc 
i.s in a state of unstable balance ; if a slight increase 
be given to the current, the resistance of the arc to 
the pas.soge of current becomes less, the area of the 
arc being proportional to current strength, and the 
current wiH therefore build itself up indefinitely. 
Conversely, a diminution of current produces further 
reduction till the arc goes out. It was therefore 
speedily recognised that unceasing regulation was 
necessary, this being performed by adjusting the 
length of the arc. This was at first effected by hand, 
and for all purposes where the operator is in constant 
attendance (as with searchlights) this is still done. 
Atitoraatic regulation was introduced by Wright in 
lS4r», while dtaite first used the current it.self to 
regulate the carbons in 1848. The functions of a 
modem arc lamp mechanism are to separate the 
carbons (after bringing them together if they do not 
close by gravity when the current is switched off), to 
steadily maintain the distance between the carbons 
so that the illumination 
is kept constant, to feed 
one or both carbons to- 
w'ards each other as 
their ends are burnt 
away, and after switch¬ 
ing off to leave the lamp 
ready to restart when¬ 
ever required. The 
control is effected by 
balancing the pull of 
one or more electro¬ 
magnets in the lamp 
circuit against gravity, 
the pull of a spring, or 
both combined. A typi¬ 
cal mcclmnism for these 
operations is shown, re¬ 
duced to its simplest 
form, in the diagram. 

Tlie current passes from 
one terminal T, through 
the series (thick) coil s„ 
the top carbon holder H, 
the two carbons at the 
junction of which (A) 
the arc is formed, to the other terminal Xj. The 
carbons arc initially in contact. A strong coirent, 
passing through tliis cleaned circuit, energises the 
series coil, which pulls the planger-pieoe V upwards., 
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this bas a fork engaging with, a washer w, which 
is a loose fit on the rod holding the carbon. If 
slightly^tilted by the fork, it grips the rod, and 
if S' bo further raised, the upper carbon is lifted, 
striking the arc. A shunt coil of fine wire s, 
also acts on the plunger in an opposite sense 
to the series coil. If the arc grows too long, 
4.e. its resistance is raised, the oiincnt becomes 
stronger in the parallel shunt coil, weakening the 
pnll on the plunger and allowing the washer to fall 
mok on its support as shown l>y dotted lines, the 
rod then slipping till the arc resistance is again 
low enough. This “ differential ” winding is essen¬ 
tial in series arc circuits, where the current is prac¬ 
tically constant whatever fiuetuations each arc 
makes, the series coil simply striking the arc. On 
pandlel and series parallel circuits, though used, 
it is not essential, a series coil being sufficient. 
Other mechanical devices are used to feed the carbons, 
the clutch type being hero described for its extreme 
simplicity. As all control mechanisms have a little 
inertia, they do not respond instantaneously to 
sadden fluctuations of current; in parallel circuits, 
therefore, “ steatlying resistances ” (for diieot current 
arcs) or “choking coils” (for alternating current 
lam^) must be provided to damp these fluctuations. 
In series circuits these latter devices are unnecessary, 
as the dynamo is specially built to take care of the 
fluctuations. The above adjuncts to the lamp arc 
usually contained in the cylindrical case surmounting 
it, or, where their bulk is prohibitive, in a wall box 
or the base of the supporting lamp post. 'J’he 
candle power of an arc varies with the angle to the 
axis of the carbons at which the measurement is 
made. In direct current lamps tlie light is thrown 
well downwards, giving a maximum at about G0° 
from the axis. Alternate current lamps throw ihtir 
light almost equally up and down, and hence must be 
provided with reflectors. The average candle power 
(taken from a large number of measurements all 
round the lamp) of an ordinarj'.street lamp (“open 
type ”) is from .'325 to h?.*), the current, if continu<»us, 
being from 6 to 10 aiijp6rc.s, or from 10 to 15 ampeVres 
if alternating. If the current is less tb.'in these 
minima, the proportion of cooling surface of carbon 
to energy of the arc is much increased; the arc 
flickers violently and goes out. An 875 candle power 
lamp requires about 0‘6 horse power, delivered at 
the carbons. The carbons themselves arc gradually 
consumed by the arc, requiring replacement in eight 
to ten hours. The are light is admirably adapted 
for public lighting, and in the form of Jabloehkoff’s 
“candle.s” was first used for this purfwse in 1876 to 
light the Avenue de I’Opera, I^ris, and the Thames 
£mbankment, London. Bccent tests by the West¬ 
minster City Engineer show that the cost per candle 
power per annum (including maintenance, sinking 
fund, and'intere.st) for arc lamps averages 11’70«1!. 
Tile best figure for gas (Sugg’s high pressure) is 
S’74., and with ordinary incandescent mantles 
18*18^, In 1.894 “ enclosed ” arcs were commercially 
Introduced, the arc burning within a small globe of 
clear or opalescent glass, the latter giving a more 
diffused Ught, but absorbing abnut 15 per cent. In 
some cases this is enveloped by a larger globe. The 
QUtffide air is largely excluded, and after a few 
minutes’ burning, the arc is surrounded by carbon 
monoxide, an inert gas. As a result, combustion is 
slower, the carbons lasting from 100 to 120 hours ; 
4^6 voltage across carbons oan be raised to 1!30, 
though SO volts (on 100 volt mains) axe generally 
xuwd; the light changes from white to violet as the 


voltage increases'; t^e teraparatnre w^iu (ht 
rises, renderii^ the dboling surface less effective, andii 
allowing the use of smaller currents. The. usual 
value is 6 amperes, but recently**^'midget" taitips 
have been made of sufficiently si^rdl power* to com¬ 
fortably light an ordinary room. Bfiforts l^Ve lately 
been made by mixing .salts of metals, such as calcium 
fluoride and cryolite, with the carbon, tt^^change the 
colour of the light; the Bremer arc. ^ving a reddish 
yellow flare, bi ing tlic best kno«m example. This 
lamp is also lemarkable as reverting to the true 
“ arc,” a flame being projected downwards—lin 
the diiection of maximum use—from the cartons 
(which are each tilted at an angle of 15° to the 
vertical) by the action of an electromi^net. Almost 
siuiultiiiieously with the practical development of 
the arc light came the initiation of the glow lamp— 
an electric condui t,orrai.sed to incandcsoenoe, but not 
volatilisation, encio.scd in a glass bulb in which a 
very high vacuum is obtained. In 1858 Jobart pro¬ 
posed to use a small carbon in a vacuum, but we owe 
our present lamp ]-iriiicipally to the work of Edison 
and Hwan between tiic years 1877 and 1880. Platinum 
wire was first used, but was liable to sudden rupture 
if overheated. Thin carbon wires prepared from 
parchmentised cellulose arc now employed. The cellu¬ 
lose thread is formoil by treating cotton thread with 
strong sulphuric acid, or by dissolving cotton wool 
or Japanese pa{.)er in zinc. <-liloride, the viscous 
solution being then squirted through fine jets into 
alcohol, w'hieh hardens the thread. This parch- 
mentisod filament is wound on carbon blocks moulded 
to the required shape, and placed in a crucible pack<‘d 
with plumbago, wlicre it is maintained at a white heat 
for twent 3 -four hours. The carbonised filament is 
next attached to leadiug-iu wires of platinum eitboi* 
by carbon cement or electrically deposited carbon, 
being then iiinucrKcd in a liquid or gaseous hydro¬ 
carbon (c.//. benzoline.) and a strong cuiTent *• flashed ” 
through it, making it instantaneously incandescent. 
In this .‘.tatc it receives a dojKjsit of hard carbon, 
which adlicres more especially to the thinner (or 
hotter) parts of the wire, rendering it of uniform 
thickness. The fihimeiit is now sealed (by the lead- 
ing-in wires) into a glass bulb provided with an 
extension tube, which is afterwards fused on to the 
exhaust tube of a mercury air pump. After an 
almost perfect vacuum is obtained in the bulb the 
latter is melted off the extension tube and tested 
for vacuum, candle power, and voltage. The cap 
which tits the lamp holder is now fixed to the bulb 
by plaster, and figures for voltage and candle power 
etched on the glass. Difficulty in standardising the 
pressure of supply was found, but practice ultimately 
rc.solvcd, itself into supplying at 1(X) to 110 volte as 
being most suitable to the larap’.s requirenients. Of 
late years, however, lamps have been commercially 
produced for pressures up to 240 volts, and the 
importance of this advance is measiued by the fact 
that a given quantity of electricity at 200. volts oan 
be distributed over an area four times as large as 
that available with 100 volt.s, with the same loss. 
The glow lamp is not so efficient as the arc, one 
16 candle-ijower lamp requiring about 0'086 horse¬ 
power; but the light is more agreeable, and much 
smaller lamps can be used, the usual .candle power 
per lamp toing 8,16, or 32. Within the liist three 
years an important departure has been made by the 
introduction of the Nernst lamp, ’Which is essentially 
a thin rod of highly refractory earths of rare metals 
similar to those used in the Welsbach gas mantle. 
Such a rod is a non-conductor when cold, hut on 
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I&c4eratol7 heated pennSts the pamage of aa 
electro'eartest, which then rendets it brUliimtlj 
iBoandefloent. 4'he filament glows safely in air, 
heid^ metely sm^oopded by a glass wind shield. 
A spiral of thim wue cased in enamel sorroonds the 
rod, and is in circuit on first switching the onrrout 
on to the ^mp, becoming heated to bright redness 
and imparting hpat to the refractory filament. As 
soon as the latter is warm enongh to conduct the 
current a smidl electromagnet switches the heater 
out of action, replacing it when tho current is 
switched ofi. Tho resistance of the rod to passage 
of current becomes less tho stronger the current 
which heats it, and if left to itself the rod would 
soon bum out. The current is therefore first passed 
through a loop of iron wire, the resistance of iron 
inoreanng the stronger the emrrent fiowing through 
it. By a proper proportioning of the filament and 
iron, a steady light, and durability of the lamp, are 
ensured. Tlie average life of the filament, which 
is replaceable at small cost, is 476 hours. The 
efficiency of the Ikmp is very nearly equal to that 
of t)ie arc; it gives a soft white light, and is obtain¬ 
able in candle pow ers of from 50 to 2,000. The cost 
of burning, including renewals, is approximately 
llA per 1,000 candle power hours, as against, say, 
15d. for ordinary glow lamps.—J. A. S, 

Electric Motor. Str MoTOi^, Electbic. 

Electric Power. The rate at which electrical 
energy is supplied or developed. . It is proportional 
to the btrenglh 6f the current and also to the 
electromotive force. The unit in which electrical 
posver is measured is the work done in one second 
by a current of 1 ampere sujqjlicd at a ymtential 
difference of 1 volt, and is termed the Watt. One 
watt = 10’ ergs per second; 7-1G watts = 1 horse 
power. When the current is continuous, the power 
is equal to the product VO, where V is the difference 
of potential in volts between the terminals of the 
part of' tlie circuit in which the piiwer is Ijoing 
measured, and O the current, in amperes, flowing 
through it. C and V are respectively measured by 
any suitable form of ammeter and voltmeter, the 
former b<!iDg joined up in series with the main 
circuit, and the latter being joined nj) as a shunt 
across the terminals. If the current is an alternating 
one, the power supplied is equal to the product 
V(1 eos <p, where V and C are the virtual values 
of the volts and amperes, and <f> is the angle 
or lag. Alternating current power can be measured 
by means of a dynamometer or wattmeter, or by 
certain special combinations of in-strumonts. 

Electric Bcreea. A closed surface of conducting 
material, connected to earth and therefore at zero 
potential. An object placed inside such a surface is 
entirely protected from the action of any external 
electrified bofly. 

Eleetrle Traotion. The history of electric traction 
in early clays is a record of protracted struggle under 
adverse conditions, but later the record is one of 
progress and success that almost unequalled. The 
date of its inception cannot be rigidly fixed, but the 
chief hn^dmarks in its history are briofly as follows : 
The intrc>dnction of the undermnning trolley by F. J. 
StHBgue in 18><6. The attention givem to the design 
of oars by Brill, resulting, a little later, in the con¬ 
sideration of the truck as a separate and most im- 
TOrtant part, not subservient to the car body, as was 
formerly more or less tbe case. The inception of 
tbe Sbkibs PABALUSnu CoKTBOiiliEB by Hopkinson, 


and its Improrement bT Gondlct and Thqgaob fz^ 
the important piece of switching appszati^that tro 
now know, withont which economical eleohrio traotlra 
would be impossible, as starting and regulaficn'of 
speed would have to bo performed 'by the introdnCN 
tion of wa.stofal series resistances. Ihnprovementi'' 
in motors, track cionstruction, and other details have, 
of course, been responsible for a great measnre of 
the present snccess of electric traction; and aa 
pracstloally all the principal firms have contribnted 
to their gradual evolution, they do not belong to any 
particular date or name. At tbe preset day the 
recognised methods of electric traoUon in practical 
use are: (1) Aocumulatob ; (2) Subbaob Contact ; , 
(3) Conduit; and (4) Ovebhbad systems. Of 
these the last is by far the most popular. Tbe first, 
in which the motive power is carried on the car in 
the shape of charged accumulators, may be dismissed 
in few words. Despite its sundry advantages, such as 
flexibility and self-containednesa, it has been proved 
to be commercially impossible, owing to its low 
efficiency and the rapid deterioration of accumalators 
when exposed to perpetual shaking and jarring. The 
advent of a lighter, stronger, and more efficient cell 
is the only thing that can popularise this form of 
traction. Tlio Bubpacb Contact system, on tho 
other hand,lias possibilities ; indeed, several inven' 
tors claim to have solved the problem of trans¬ 
mitting power to a moving car, withont having 
overhead or underground conductors. Every few 
feet down the centre of the track are laid contact 
blocks, slightly higher than the surrounding road 
surface; and these are connected througlx adjacent 
automatic switches to the feeder cables. On tho 
bottom of the car is carried a collecting SKATE, 
which, rubbiog on the contact studs, conveys tbe 
current to tho motors, the return path being t&rough 
the wheels and rails. The essential feature of the 
system is that the studs should only be alive when 
directly under the car; it thetefore follows that the 
latter must have an alternate closing and opening 
influence upon the underground switches, and this is 
effected, according to the system, either by electrical, 
magnetic, or mechanical means. Fig. 1 shows a 
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Fio. 1.— Ybdoveixl Suufaob Cosiact Stbteu. 


typical case of electrical working due to Vedovelli: 
8SS are the automatic switches, F the feeder, and 
E the earth return. Upon the skate touching a 
leading stud, the latter is placed in electrical con¬ 
nection with the trailing one; consequently a current 
flows through the magnetic switch coil of the former, 
lifting up the switch from the two bottom contacts 
upon which it rested, dosing it as shown, and passes 
away to earth through the ooncacts of the next 
switch of the series. When tlie skate breaks contact 
with tbe stud, the switch opens, as the current that 
was holding it in position by the aid of the electzo- 
magnet is stopped. Magn^c methods are usuaiily 
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simpler more reliable than the above. Generally 
a magnet excited by the line current or a separate 
battery of cells is carried underneath the car, and 
this suffices to actuate the stud-svritohing mechanism. 
Mechanical operation appears to be the most reliable 
if the design is good. It may be effected among 
other ways by a plough running in a shallow conduit, 
operating the switches by mfch.anical means as it 
passes. Surface contact electric traction bas of late 
Te<^eived an impetus, owing to the introduction of 
sundry improvements tending towards greater reli¬ 
ability; the consensus of opinion is, however, against 
it as a sj’stem. The Conduit system has been 
proved by large experience to be reliable, provided 
great attention is paid to its design and constrnotinn. 
It is generally accepted as the only possible alterna¬ 
tive to the trolley, but, being costlmr and less eon- 
vehient, it cannot comjotc upon equal grounds. It 
has the advantages that it is not unsightly, and 
affords every facility for an insulated return, which 
latter is an important point, as it obviates the neces¬ 
sity of bonding tlie rails, and docs away with the 
usual electrolytic troubles in adjacjcnt pipes conse¬ 
quent upon an earth return, hetween the track 
rails is placed a roomy and well drained conduit, 
open to the extent of about | in. on top, and built 
up usually of c.uncrote ninre. or less in the form of 
fig. 2. I’ixed to the walls by the aid of insulators 



■Pio. 2. —Sectio.v or Cocvty Cocnccl 

Cos’uurr.iiETWEEKr yokes. 


are the bare + and - conductors, and between them, 
passing clear through the slot, runs the collecting 
plough, picking up tlic current on the one side by an 
insulated j[)late connected to the motors, and return¬ 
ing it by a similar contrivance on the other. In 
practice, trouble is often experienced in the design 
and working of crossings and points, and in many 
cases underground pipes oft«'r a serious hindrance to 
the con-struction. The Ovebhead Tuolley System 
is, of course, free from sucli object ions, and is con¬ 
sequently very much cheaper to instal and maintain. 
It derives its name from the fact that originally a 
small trolley was employed to run on the top of the 
wire, picking up the current, and ;)as.sing it through 
a cable to the car; but this was found to be imjjrac- 
ticable, and the greatest impetus the overhead sy.stem 
has known resulted from the ini rfduction of the 
underrunning trolley. In a modified form this is 
the apparatus used at the present day. Owing to 
the impracticability of employing two overhearl con¬ 
ductors and two trolleys, the current is returned to 
the power house through the rails, and this calls 
for the above mentioned necessity of bonding. The 
Board of Trade regulations with regard to the return 
circuit are stringent, 7 volts being specified as the 
maximum allowable drop of pressure over it. In 
cases where this is exce^ed it becomes necessary 
to instal a negative booster (q.v.) in the return 
circuit of the feeders. Except in special cases where 
allowance is sometimes made, the Board of Trade 
rules specify that the speed is not to exceed ten 
miles on hour, and four miles an hour through &cing 


points; that the overhead oondnotor is to be electri¬ 
cally split up into sections not exceeding half a mile 
in length; and that the latter is to be supported, at 
least every 120 ft., at a height npt less than 17 ft. 
from the ground, except when conveyed under 
bridge.s. The electric railway was a natural sequence 
to the success of the tramway, and is undoubtedly 
destined to create a revolution in railway operation. 
Up to the present it has been confined to suburt)an 
and short lines, bat several important companies 
have the electrification of their main lines under 
consideration. In the case of a sliort lino, direct 
current at a pressure of 500 volts is generated at the 
power house and fed on to a bare conductor placed 
adjacent to ;thc track ; the return is either through 
the rails or another special bare condiie.tor. An ex¬ 
ample of this is the Great Northern and City Railway. 
The Central London Railway, on the other hand, 
generates a three phase alternating current at a pres¬ 
sure of 6,000 volts,transforms down in substations, and 
conver(.3 by the aid of rotary converters to direct 
current at a pre.ssnre of 50C) voltsj and in this form 
the power is used on the train. There arc two 
distinct methods of electric railway operation in use 
I at the present day, vh, the Locomotive and the 
I Multiple Unit .system. The former sjxtaks for 
I itself, and its limitations are })raotic.ally on a par 
with tlio.se of the steam railway; but the second 
possesses .several imisirtant advantages. By instal¬ 
ling motors at each end and in the miildle of the 
train, the driving power is distributed, wliich results 
in increased adhe.sion to the rails, greater power 
with reduced local weight, less pounding and vibr.a- 
tion, and ligliter rolling stock and tra(;k. Main lines, 
owing to their length ami the largo amount of powej- 
consumed, can scarcely be eflicicutly oi)erated by 
•lirect current, except at prohibitive pressures; thus 
alternating currenLs nnist be looked to to solve 
the problem. Gi'eat experimental progruis lias be<sn 
recently made in their adaptation to the nwids of 
railway work, and there apiHsifs to be but little 
d jubt that the near future w'll sec the realis.at.ion 
this form of electrical operation u])on a large 
scale. Traction power house plant luis of late years 
received much aLtoiu>oii. Exiicricnce has proverl 
(hat tlie strains set up in the engines and generators 
owing to the rapi.-ily and srimot imes largely varying 
load are not to be. as much feared as was at one 
time thought to be the case. Good governing and 
considerable ineitia are, however, essential in an 
engine destined for use on a traction circuit. Where 
ilirect current dynamos are used they are always 
compounded (sec DYNAMOS), and special attention is 
paid to sparklcss running in their design. A battery 
is an important adjunct in traction work, as it acts 
as a builer, taking up a great deal of the load varia¬ 
tion, and therefore saving the engines from abnormal 
strain. This is specially the case where an automatic 
reversible booster is used, that interesting piece of 
maohineiy having been designed to meet the special 
requirements of traction work in this direction. 

F. n. D. 

Electric Waves. When an electrical condenser 
is di.-charged by connecting its two coatings 
together through a condufitor, a series of electrical 
oscillations is set up in the condnetor. The 
plates or coatings become charged alternately 
with positive and negative electricity'. The period of 
each oscillation is approximately 2irV'LU, where 
L is the coefficient of self induction of the circuit 
which the two coatings of the condenser are con¬ 
nected, and 0 is the capacity of the condenser. 
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A sncoeasion of electrical distorbanccs or waves 
will start off from the system through the sur¬ 
rounding medium, having the same frequency as the 
oscillations in the conducting wire. These waves 
eonsist of electric and magnetic disturbances at 
right angles to each other and to the direction of 
propagation. The velocity of propagation is 

given by the equation r= where K ft the 

SpBcii’lc Induotivk Capacity (i/.v.) of the medium 
through which the waves are travelling, and fi is its 
Magnktic Pbbmeability (y.r.) Tlie waves niay he 
conveniently produced by sparks from the seeondar} 
terminals of an induction coil, the conducting wires 
terminating in two polished spheres or cylinders 
placed at a small distance apart. To detect the 
presence of the waves various methods are used. 
•One of the earliest consisted of a metal wire with a 
polished brass knob at each end, tlu* whole wire bent 
round into a circtular form so that the knobs nearly 
touch. 'Jho arc# of the circle so formed must bo 
suitably adju&tf>d to the jiarticiilar wave lengths (jf 
the waves it iH desired to delect ; if this is done, the 
waves falling on the metallic circnil. will produce 
small sparks whi( h pass between the two knobs. 
The form of detector which is now most used is 
known as a CoiiioiiBli. This consists essentially of 
lotise contacts between pieces of metal. In IJiiANLY’s 
■ConEi’.EB these are metal filings enclosed in a tube, 
through the ends of which wires are passed to servo 
as terminals; but many other forms of loo.se contact 
will give satisfactory results. A coherer of this tyjic 
has a very high rc.-.istanoc, but when waves fall on it 
it hcconit'S a good conductfir. On tapping it veij 
lightly after the waves have pa.sscd, it returns to its 
original couditiim, and ceases to conduct to any 
apiirociabic extent. If a c<iherer be connected in 
series with a cell .ind a galvanometer, a deflection of 
the galvanometer will occur when electric waves 
fall oil the coherer, ami wdll last until '.he coherer is 
tiipiK'd, when the ctirrent cea.ses, owing to the instant 
iniTcaso of the resistance of the coherer. Using 
tliese means for the production and detection 
of electric wino.s, many of fheir properties can 
be found by experiment. Thu.s it is found that 
they are cafiable of being reflected, refracted, 
])olari.sed, and made to yield interference effects. 
Hence electric waves have properties resembling 
those of light; moreover, it is found that their 
vidocity of propagation is tho same as that of 
light, so far as can be a.seertained from experiment. 
It is now believed, both as the result of theoretical 
investigat ions and of expcrimcnls, that light waves 
are simjily ehictiio waves of very short, wave length 
and very liigli frequency ; this is the main principle 
of Maxwell’s ELECTBOMAQ.\ETir Thboby op Light. 
Of recent years important applications of the pro¬ 
perties of electric waves have been made liy l-"dgc, 
Marconi, and others. /Sea VViuelb.ss Tblbg'haphy. 

Electric Welding, In many instances metals can 
bo welded by heating the parts to be joined by 
electrical means. The process is used for jiijics, rods, 
wires, sheet metal, tanks, barrels, special forms of 
Chemical plant, large objects which cannot easily be 
moved, and other pieces of work which it would be 
difficult or even impossible to deal with in the forge. 
There are two methods, the IscANDEacKNCB or 
Thousok System and the Abo System. In the for¬ 
mer a very large current with a low voltage (usually 
one or two volts) is passed across the junction from 
-one piece of metal to the other; intense heat is pro- 


duoed in the immediate neighbourhood o^the joint 
owing to the increase in the resistance of the hot 
metal The two pieces of metal, on being pressed ‘ 
together, become welded into a homogeneous mass. 
Alternating currents are generally used; a small enr- 
rent, at a pressure or voltage of several hundred volts, 
is converted by a transformer, whose seoomiary coil 
may only consist of one single turn, into a large 
current of low voltage. A.s the transformer can & 
pli'ced near the work, the necessity for long leads * 
of sufficient size to carry the large secondary current 
is avoided; short heavy leads are brought from the 
sccotidar}' terminals of the transformer to clamps 
fixed oil the work itself. The method is very con¬ 
venient for the welding of large numbers of similar 
objects, which can be placed in succession in a 
suitable form of clamp or holder to which the 
terminals of the secondary circuit are (lermanently 
attached. The necessary operations may thus be 
reduced to a few very simple movements, and skilled 
labour may be largely or wholly dispensed with. In 
the Arc System a continuous current of much smaller 
amount, but with a voltage of 70 to 160 volts, is 
used, the current being controlled by suitable 
resistances. The po.sitive terminal is attached to 
the metal and the negative terminal to a carbon 
I rod, fixed fn a holder which is held by the operator, 
or, in certain cases, is moved by mechanism, A 
lioweiful arc is formed between the metal and the 
carbon rod, ami is caused to travel along the joint. 

ISy this method large pieces of work can be welded 
ui)mi«i7m; but the operator rtKiuii-es a considerably 
higher degree of skill than is necessary in the case 
of the first mcthml. 

Electrification. The condition of a body which 
has rcceivcU a charge of electricity, t^e Electbic 
Ch-Vkoe and Electbicity. 

Electrochemical Equivalent. The ma-^^s (in 
grams) of a substance deposited by the passage of 
uuitquanlity of electricity (one coulomb). Tho electro¬ 
chemical equivalent of hydrogen is '000010352; that 
of any other element is olitained by multiplying this 
number by the chemical equivalent of the element in 
question. 

Electrode. A conductor by which electricity 
enters or leaves any piec<: of ajipaiatus; especially 
the two conductors (Anode and Cathode) 
which a current enters and leaves an electrolyte. 

Electrodynamometer. jSee Dynamometbbs, 
Electrical. 

Electrolysis. AVe Elbctkolyte. 

Electrolyte {Elect.) A liquid with the property 
of conducting electricity by means of Elbctkolysis, 
or the splitting up of its molecules (or of the 
raolewiles of a snb.stance dissolved in it) into 
separate atoms or groups of atoms, termed IONS. 
The ions themselves carry charges of electricity, 
and travel with a small but definite velocity through 
the liquiil. 

Electrolytic Dissociation. See Dissoci.ation. 

Electromagnet. A core of iron or steel round 
which is wound a coil or iSOLBNoiD of insulated 
wire, tliTongh which a current can be passed. The 
iron becomes magnetised daring the passage of the 
current; when the current ceases, the magnetisation 
falls off to a very great extent, and may vanish 
almost entirely* in the case of very soft iron. 

Electroma^tic Theory of Light. See Eudctbio 
Waves. 
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ElfictrometBllni^. Metallnrgloal processes 
^ which are carried on either hj the heat of the 
* electric furnace (q.v.) or by the chemical action of 
an electric current. The preparation of pure copper 
by eleotrodeposition from a solution of impure copper 
s^ts is a good example of the latter method. Much 
of the copper employed for electrical purposes is now 
prepared in this manner. Sm CoPPUfi. 

Electrometer. A piece of apparatus for measuring 
differences of electrical potential. The simplest form 
iis some modification of the electroscope (y.®.) pro¬ 
vided with a scale for finding the angle of divergence 
of the gold leave.*). The instrument lias to be cali¬ 
brated by the observation of the divergence produced 
by known differences of potential. The Attbactbd 
Disc EiiEOTBOtiBTBB depends upon the mechanical 
force between two metal discs, which are charged 
np to tlie two potentials whose difference it is 
required to measure. If the distance between the 
plates is kept constant, the force with which they 
are attracted is proportional to the square of the 
difference of potential. If the distance between the 
discs is varied, the attracting force being kept con¬ 
stant, the difference of potential is simply propor¬ 
tional to the distance between the plates. The 
Quabbant Electkometeb consists of a light 
paddle-shaped needle c, usually made of alu¬ 
minium. This is suspended by 
means of a controlling fibre B, 

80 that it can turn inside two 
pairs of hollow metal quad¬ 
rants, AA, BB. In its position 
of rest it lies symmetrically 
between the two pairs, as 
shown. To measure a small 
differeuce of potential v, —v, 

(a.g.tlie difference of potential 
between the terminus of a _ , „ 

Single cell) the two quadrants 

AA are connected to cue terminal of the cell and 
charged to the potential V|; the pair bb are similarly 
connected to the other terminal, and charged to the 
potential The needle is maintained at a very 
high potential V, by connecting it to tlie inside 
coating of a small charged Leyden jar j)laced under¬ 
neath the quadrants. Then, if tlie couple required 
to turn the needle tlirough a given angle be pro- 
rtional to this angle, the observed deflection will 
prfiportional to (v, — V 2 )Vj. 

Thus, if V, be kept constant, 
we can compare various values 
of V,—Vj, and the absolute 
value of this quantity can be 
found by observing the de¬ 
flection produced by a Clark 
cell. To measure large differ¬ 
ences of potential the needle 
is connected to one pair of Fio. 2 .—Emctrometbb. 
quadrants ; the conple exerted 
on the needle (and consequently the deflection) is 
ttien proportional tn (Vi—v.)®, wiiero v, is the 
potential of one jmir of quadrants, and Vj is that 
of the neeVlle and remaining pair of quadrants, 

Slectromobile, An electric automobile or motor 
ear. See Electbic Automobtle. 

EleetpomotiTe Force or E.H.F. That which tends 
to cause the motion or flow of electricity. It is 
frequently termed Electbio Fbbs^UBE, or merely 
Fbkbsitbb, by electrical engineers. 

Bleetroo. The name now generally used to denote 
tbe very smBU negatively ohaij^ed “corpuscles” 


which constitute the cathode stream in high vocoa^ 
and which are also produced under other circum¬ 
stances ; . they are emitted from negatively charged 
surfaces exposed to ultra-violet ligb^ and also form 
the |3 rays emitted by radium. The negative charge 
carried by each electron is about 3',4 x 10“^® absolute 
electrostatic units, and appears to be a natural unit 
of quantity or a kind of “ atom ” of eleotriohy. The 
mass of an electron is about y-J® to of that of a 
hydrogen atom; but it is as yet nuooitain whether 
this mass is real or of purely oleotrioal origin, due to 
the fact that a charge in motion behaves as if it 
possessed inertia. Soe alto BI/HCTBIOITY, 

Eleotrophoras. A flat plate of resin, or ebonite, 
laid on one (X>nducting plate, and covered with 
another, which can be raised by an insulating handle. 
A small charge imparted to the resin (by rubbing) 
can be made to induce successive charges on the 
upper plate, which may be utilised in any way 
required. The source of energy is the separation 
(by the operator) of the plal.c anil «over, which Carry 
charges of op[)osite sign, causing an attractive force 
to be exerted between them. The work done in 
separating tbese charges appears ns increased elec¬ 
trical energy on the upper plate, as its potential is 
raised by its withdrawal from the vicinity of 
the resin. 

Electroplating. In general terms this consists of 
depositing tlie precious metals on the base metals (or 
on non-nietallic substances wliich hav'e been coated 
with a coniluetov) by means of elecirolj’sis (q.v.) 
Tlie articles to be electroplated form the cathode 
pole (^.®.) in a solution of the precious metal, the 
anode or + pole usually being a idale of the metal to 
be dcjwsited. VVlion a current of eloctrioity is passed 
through the solution, a thin coating of metal is 
deposited on the articles forming the cathode, and the 
decomposed ion.s (^.n.) take up a fresh supply of 
metal from the anode. The individual methods of 
elcctrojilating in general use arc : (1) nickel plating, 
extensively imed for making Wernian silver goods 
and plating harrie.s8 makers’ ironnioiigery, buckles, 
etc.; (2) copper plating, generally employed for 
facing printing block*-, and coating nou-metallic 
.^ul>.stanl■es prior to gold, silver, or nickel plating; (3) 
silver plating, for cutlery and imitation silver ware; 
(4) gold plating, for ornamental work, and to a 
lijiiitiid ext cut in the chemical industry, for lining 
the apparatus in "which highly corrosive acids Sfe 
rectified; (5) “Brassing” or conjoint deposition of 
zinc and cojiper in the proportions which constitute 
that alloy of these metals, called brass. Deposits of 
several other metals are obtainable, including 
aluminium, cadmium, antimony, bismuth, cobalt, 
iron, lead, and magnesium; and like principle of 
electro-deposition is employed for the separation 
of certain metals in the analysis of complex ores. 
The process of plating may be divided into two 
sections: the cleansing of the goods to be plated, 
and the preparation and management of the plating 
Bath, as the solution of the metal to bo deposited ia 
known technically. Cleansing consists in removing 
all grease, dirt, and sciilc, or oxide, by means of caustiq 
alkali solution or acid pickle. The latter must not be' 
u.sed for lead, tin, or pewter. Iron ia usually pickled 
in a solution of vitriol. For brass. Dipping acid ia 
often employed, being a mixture of nitric acid (aqua¬ 
fortis) and vitriol. In this way the goods are 
Bbightbkeb immediately before plating. In some 
cases it is necessary to prepare the goods by floFTEK- 
ING, which Is ze^ly amalgamating slightly with 
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meronry; a o^ide ecottr is also employed some* 
tames, the object in all cases being to ensure the 
more perfect adhemon of the metallic deposit. For 
steel a muriate acid pickle is usually employed. In 
the cleansing process, scratoh-brushing is often used 
to produce a smooth surface, assisted by scouring 
with pumicestone. The quality of the plating largely 
depends on the way the surface is prepared,and 
cleansed, the articles being immersed in the bath 
iminediately after cleansing and dipping. If a matt 
surface or dead lustre is desired, the goods, after 
cleansing and scratch-brushing, must be specially 
dimped, before plating, in a bath:of aqua-fortis, vitriol, 
and a little white vitriol (zinc sulphate) and common 
salt. As this method is most applicable to copper or 
its alloys, other metals should be copper platcxi, and 
then prepared for a matt surface as just indicated. 
(6) The “ bath " when made may bo worked either 
not or oold. Its composition depends on tlie articles 
to be plated, the current employed, and several minor 
factors which are determined by the individual work¬ 
ing conditions. Tliere arc generally two brass rails 
round the top the trough containing the plating 
bath, connected severally with tlie and — poles of 
the battery or dynamo, and insulated from each 
other. By laying rods carrying the anodes on one 
rail and the cathodes on the other, the disposition of 
the articles in the bnth (relative to tlie anodes, 
depth of imrntrsion, etc.) can be adjusted so as to 
obtain the best dejnisit. Mrhel Plating is one of the 
simplest and easiest managed methods of plating. 
There are about sixteen methods of preparing the 
“bath,” which is usually worked hot; i.c. about 
lOO” F. But in almost all c.ases the double sulphat>> 
(or chloride) of nickel and ammonium is the basis. 
Salt, sal-ammoniac, benzoic aciil. etc., may be added, 
and are con.-sidered advantiigenus by various operators. 
Cast nickel plates are used for anodes, and care must 
be taken that by no chance shall the goods to be 
plated come in contact witli the anodes. The euiTciit 
should be carefully regulated, as if too strong the 
depo.sit will be dull or “burnt,” and if too weak, 
granular. The latter is a serious objection, as the 
nickel dejwsit will not stand the action of a burnisher, 
being of a brittle nature. For the same reason the 
surface must be carefully prepared before plating, to 
ensure the deposit being of the desired nature. 
Capper Plating: The bath is usually an acid solution 
of the sulphate or acetate of copper, containing also 
■cyanide of potiissium. For zincs and ceitain other 
articles an alkaline hath is used. Either hot or cold 
baths are used, the temperature for tlie former being 
110“ to 130“ F. For iron, plain dipping without the 
passage of a current is sometimes adopted. The 
anodes are plates of copper presenting a surface at 
least equal to that of tlio goods to be plated. The 
hot bath is more rapid than the cold, and is specially 
suited for articles which are difficult to clean. Small 
articles should be kept agitated in a ladle or 
** trussed" on a wire. Silver Plating: The tloublo 
cyanide of silver and potassium is used for the bath, 
prepared by dissolving nitrate of silver and cyanide 
of potash in water. Cold baths are mostly used for 
lar^ articles and heavy deposits, and hot baths for 
small articles, and especially for tin, lead, zinc, iron, 
or steel goods, with a fairly strong current if constant 
agitation is adopted. For the best electroplate a 
preliminary amalgamating dip or else a“ whitening ” 
bath is almost always practised (vide m/pra). The 
improves^ with working, and if portions of an 
old bath oonnot be utilised in maldng up a fresh 
one, a blnidi yellow deposit may be anticipated till 


tbe bath has s^ed a little. Silver foil or plate is 
used for tbe ai^e, which should bava a greyish 
appearance when the current is passing. .If 
there is not enough cyanide present; if white, there 
is too much, and silver cyanide must be added unt^ 
a grey anode is obtained. Too strong a ourrenl: 
prepuces a black deposit; a weak current yields a 
fine and dense deposit A weak current and 
lengthened immersion produce a coating which 
buraishes far better than that from a strong current 
and quick plating. Gold Plating: A hot bath is 
customary at about 170“ P., the cold method only 
bei^g used for very large objects, such as chaiideliers, 
but it needs much care and attention. The double 
cyanide of gold and potassium is used for all baths. 
The anode is generally platinum foil. Gold baths 
require considerable variation in composition for 
different metals. A universal bath is seldom a 
success. Ex<ie.ss of cyanide causes very slow plating, 
and the colour of the deposit ranges from green to 
red, according to the strength of tbe bath. This 
factor is also controlled by regulating the area of 
platinum anode exposed in the bath in a way which 
would be impossible witli gold anodes. The greater 
ttie surface of platinum anode in the bath the redder 
the deposit. Gold plating is often applied only to 
sele(ited portions of an article. To effect this a 
stopping-out varnish is used on tbe imrle to b© 
protected. Brassing: There are numerous methods 
of preparing baths, some eighteen recognised 
formulas being pratsticable. Cyanides of zinc and 
copper, in conjunction with liquid ammonia or bi¬ 
sulphites, form the foundation of the majority, 
arsenions acid being nsed occasionally to brighten 
the coating, but only minute quantities are per¬ 
missible, if deemed desirable. The chief difficulty 
is maintaining a depo.sit of uniform colour, A de¬ 
ficiency of current increases the copper, giving a red 
brass, and an excess brings up tbe zinc, resulting in a 
blue or jtale brass. The amount of cyanide is also 
important. The anodes are brass plates, and all the 
articles must be kept at equal distances from them 
when plating. Hot baths are usual at about 135“ F. 
(except for lead at 90° F.) Agitation is generally 
to be avoided. After all kinds of plating, the goods 
are rinsed in water, washed in boiling water (and in 
the •case of brass goods in lime water), placed in saw¬ 
dust, and sometimes stove dried. They are then 
burnished (if permissible) and buff polished. 
Anodes should always be removed from the bath 
when not plating, and the current should be started 
as soon as the articles are immersed, to avoid standing 
in the liatli before plating. Diueot COLD PlATISO 
or Fmcxion Plating solutions have been introduced 
quite recently which contain no cyanide or other 
poisonovs ingredient. They arc essentially composed 
of very finely <livided, precipitated chloride of silver, 
in the presence of excess of common salt, mixed 
with an abrasive, such as emery, rouge, or putty 
powder. By rubbing the solution on to coi^pcr, brass, 
bronze, etc., with a piece of clean flannel or clotli, a 
thin coating of pure silver is deposited. They do 
not lend themselves well to rough or ornamental 
surfaces. 

Electroscope. An instrument for detecting small 
charges of electricity. The usual form consists of 
two piec.es of gold leaf suspended from a cuuduoting 
rod, so as to touch each other throughout their whole 
length when at rest. On connecting the conductor 
of the instrument to a cliarged body, the leaves 
become charged, and repel one anothi». A better 
form consists of a angle narrow strip of gold leaf 
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which when at rest hangs vertically, in contact with 
an upright rod, to which it is attached at its upper 
end. The portion ot the rod carrying the gold leaf 
or leaves is enclosed either in a glass case or in a 
wood or metal case provided with glass windows, 
through which tho divergence of the leaves can be 
observed. The rod must be carried on a support 
which insulates it from contact with the case; 
the latter is connected to earth. 

Electrotype Plates (Priai’.') A replica of type, 
woodcuts, etc.,forming a printing siirfact;. I'roduccd 
by a galvanic deposit of copper which is afterwards 
bimked up with an alloy. 

Electram (H/ct.) (1) An. alloy of gold and silver, 
of the colour of amber, u.scd by the ancient Greeks 
and Romans. (2) An alloy of copper, v.inc, and 
nickel. (3) Native argentiferous gold, containing a 
large percentage of silver. 

Element (_f.Vieni.) A substance which the chemist 
cannot, by any of the means under his control, resolve 
into two or mr)re .simpler substances. Among the 
best tests of the elementary nature of a substance 
are; (1) The effect of heat; the substance should 
not be decomposed. (2) The effect of au electric 
current; it should not undergo clcctrol\sis. (3) Its 
spectrum ; it should not contain a line or baud 
exliibited by any otljcr substance. (4) Tt should 
have, as a rule, a definite position in the periodic 
system. (5) Its bcliaviour on treatment with other 
substances, such, for example, as carbon, oxygen, 
chlorine, ete. 

Elements (Mi tenro^.) The different items by which 
the total meteorological condition of the atmosphere 
is represented. These are: temperature, pressure, 
humidity, precipitation, evaporation, wind, cloud, 
electrical and optical conditions of the air. 

Elements of an Orbit (Asfrnn.') Quantities, seven 
in number, which dcscritjc an orbit of a planet 
accurately, and from which tlie pLinet’s place can be 
found at any given time, past, iiresent, or future, so 
far as the attraction of the sun alone is concerned. 

Elemi (Botany'). Canarium eomvivno (order. 
Bwneraeoat). A resinous substance used in 
pharmacy. Manila Elkmt is .said to be the 
exudation from the stem of the above jdant, while 
American Elemi is obtained from Bvrsera gnm- 
mifera. 

Elephsmt (Print.) A size of paper measuring 
30 by 23 inches in printing, and 28 by 23 inches in 
writing and drawing papers. 

Elers (Pot.) Elers ware was first made at Brad- 
well, Btaffs, by .Tobn Philip Elers, about 1690. The 
ware is a red pottery of fine texture and careful 
execution. Elers was the first to introduce salt 
glazing into England. This is done by throwing salt 
into the fires when the kiln is at its hottest. The 
fumes given off combiitc chemically with the surface 
of the ware, causing a glaze to form upon it. 

Elevation (Eng,, Bmhl„ etc.) A view of an 
object as seen by an observer standing in front of 
the particular side represented. Thus Fbont Ele¬ 
vations arc views of the front of a building; Ene 
Elevations are views of the end, etc. 

Elevation Cvaian (Geol.) Mo.st volcanoes occur 
within areas undergoing upheaval. The older 
geologists, noting this fact, were led to regard 
the conioid form of volcanoes in general as having 
been due to local elevations caused by subterranean 
movements. Volcanic cones are now regarded as 


having been built up by the long-continued accumu¬ 
lation of lava streams and beds of tuff. 

Elevators (Eng.) A series of buckets attached 
to an endless belt or chain for mising solids,, 
etc., from one level to another up an inclined 
plane. The ascending buckets pass through a “ boot ” 
or hopper in which they scoop up a charge of material 
and discharge their contents as they begin to descend 
e.g. dredger buck^^t8. 

Elgin Marbles (Scvlp.) The most notable and 
valuable collection of ancient Grecian sculptures- 
extant. They vrere brought from Greece by the 
seventh Earl of Elgin, and were purchased from him 
for tlie British Museum in 1816 These sculptures 
formed part of tho adornments on the buildings of 
the Acropolis, Athens, and include many designs by 
Pheidias from tho Parthenon or Temple of Athena. 
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The most ira]iortant of these are the figures of 
The.scus or Hercules, llissns, and one of the horses 
of Night; (iftepn Metopes in higli relief, rujiresenting 
tho battle of the Centaurs and Lapit.hm; and a larire 
portion of the exquisite frieze on the outer walls of 
1 he Cclla, repri\senting the proecss'on to tho Parthenon 
during the Panathenaie festival. 

Elizabethan Architecture. Ser Benaissakob 

ARCHITEC'I'UKB. 

Ellagic Acid (Chrn'.), CijIIsOg. A compound pro¬ 
duced by the oxidation of gallic acid. It occurs in 
the oak bark, together with gallic, acid and tannin ; 
it Bep.aratcs out during tlie x-)rocosses of tauning- 
Soe Bloom. 

Elland Stone. See BmLDiNG Stones. 

Ellipse. A curve, symmetrical about two axes at 
right angles, and such that if P be any i>oint on the 
enrve, and A, B, two points on tho longer or Major 
A xis, which are termed the Foci, then AP + BP is 
constant. Tho curve may be obtained by cutting 
right across a cone, at an angle with the base. 

Ellipsoid. A solid whose tliree principal sections, 
taken at right angles to each other, arc ellipses. 

Ellipticid Arch (B-ttild.) An arch having the 
curve of a 8enii-ellip.se. 

Elliptic Comets (Arstron.) The paths of comets 
are cither elliptic, parabolic, orbyperbolic ; there are 
about eighty-five (in 1902) which travel in elliptic 
orbits, and are called by the above name. 

Elliptic Trammel. A device for drawing ellipses. 
A straiglit rod carries a pencil and two studs pro- 
jecting at right angles to itselt The studs slide 
in two straight slots at right angles to one another. 
Each .stml tnavels along one slot, %,e. in a straight 
line, and the pencil then describes an ellipse. 
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Elm« f!ee Woods. 

Elongated iTypog.) A style of type of increased 
lieigbt in proportion to the normal width. 

Elongation (Antrm.) The difEerence between the 
celestial longitude (q.v.) of a body and the celestial 
longitude of the 

Elation {Chem. Eng.) A process for recovering 
sugar from molasses. 

ElutPiation {Chem., etc^ The separation of a 
lighter fnjm a heavier jiowder by washing away the 
lighter one. 

Elvaa {Qeol^ A name used by the Comi.s1i 
miners, as well as by many geologists, for the <lykcs 
or w'all-liko masses of intrusive rocks allied in ooiupo- 
sition to granite, which rise through the older rocks 
of Cornwall and Devonshire, mostly in the neighbour¬ 
hood of the large granite masses of those parts. 
Most elvans are, litliologically, quartz porphyries, 
but a few are more of the mature of porphyrites {q.v.) 

Elxevir. Thc'^ame applied to books printed by 
the Klzevicr (I/at. Ehevinm') family at Am.sterclam, 
The Hague, Leyden, Utrecht (1692—IGW). The 
most valued are their editions of the classics, whicli 
are notable for tlicir accuracy and for the elegance 
and neatness of the type. 

Embankments {Civil Eng.) Masses of earth 
(obtained in excavation) raised above the level of 
the .surrounding lan<l: they serve to carry roads and 
railways, and as sea walls, river walls, etc. 

Embattled {Architect.) Having battlements. One 
of tbc enrudied mouldings used by the Normans is 
known as the embattled moulding, as it is carved to 
represent Hattlkmbsts {q-v.) 

- (/fcr.) One of the <lividing lines of a shield, 

in form like the battlements of a castle. The angles 
are right angles. 

Embedded Conductors ( Elect. Eng.) Conductors 
on an armature of a dynamo or motor which run 
through grooves or channels in the iron core. 

Embolite {Mm.) Silver chlorobromide, Ag(C]Br) ; 
cubic; colour, aspfiragns green. It occurs in Chili 
in some ijuantity, al.so in Mc.xico and in Honduras. 

Embossing. Ornament executed in relief, gener¬ 
ally on a wrought suiface. Applied also to carving 
or moulding done in relief. 

- {Leather Mativfac.) Printing or embossing 

certain grain marks on skins by means of hot plates 
or rollers, 

Emboaofaaro. (1) The mouthpiece of wind instru¬ 
ments. (2) The po.sition of the lip, etc., of performers 
on wind instruments. 

Embowed or Fleeted (I for.) Curved or bent- 
It is employed for cljarges, as a fesse “embowed” 
instead of straight; or of some ])arts of the human 
body, such as the arm, ami it is the position in which 
a fish is generally depicted. 

Embrasure {Architect.) An opening in an em¬ 
battled parapet. See Battlement. 

Embroidery {Lace Manvfac., etc.) Ornament on 
a fobrie of any description, dune either by hand 
with a needle, by the aid of a sewing machine, or by 
means of the embroidery machine. The foundation 
or igbrio that is embroidered may be of such charac¬ 
ter as to be considered part of the scheme or design ; 
or it may serve merely as a base until the work is 
completed, c.g. ‘Burnt Out' Laos {q.v). See alto 
Bayeux Taprstry. 


Emerald {Min.) This well known bright green 
gem is a variety of beryl (g.v.) It is found in 
Siberia, Hindustan, Brazil, Norway, in the Andes, 
etc. 

- , Brazilian {Min.) A green transparent 

variety of Tourmaline {q.n.) 

Emerald Copper {Min.) A synonym for Dioptase 

{q.v.) 

Emerald Green {Dee.) The brightest pigmentary 
green. Its hue is almost identical with spectrum 
green. See Colours (Pigments, etc.) It contains 
a large proportion of arsenious oxide, and, being 
poisonous, its use has declined in recent years. It 
cannot bo mixed with pigments containing sulpbur, 
such as ultramarine, cadmium yellow, etc. In the 
United States it is called Paris Green, and is 
largely used there as an insecticide. 

Emerald Nickel {Min.) A hydrous carbonate of 
nickel, NiCO, * (IHjO. Oxide of nickel = 69-4, carbonic 
acid = 11-7, water = 28’9 per cent. Colour, emerald 
green. It occurs as an incrustation on decomposing 
nickel ores. Shetland, find Texas and Pennsylrania 
in the United States. Also called Zaratitb. 

Emery. The rough massivfe varieties of Corun¬ 
dum {q.v .); much used as an abrading agent. The 
emery of commerce often contains microscope 
crystals of sapphire. Powder of varying degrees of 
iineness is obtained by cmshing the mineral. It is 
used in the form of powder for grinding hard 
surfaces, or is formed into solid hones or into small 
wheels for sharpening tools of hard steel (such as 
twi.st drills, etc.) Found in Asia Minor, the Urals, 
and the United States. See alto Carborundum. 

Emery Buff {Eng.) See Emery Wheel. 

Emery Paper and Cloth {Eng., etc.) Powdered 
emery attac hcfl to pajior or cloth by glue; used for 
finishing metal surfaces. 

Emery Wheel {Eng.) A wheel consisting of 
powtlered emery made up into a solid mass with 
some kind of cement; used for grinding metal 
surfaces and shari»eniiig tools. Wiieels made of 
the finest eiitory arc used for polishing; these are 
termed Emery Buffs. 

Emission or Corpuscular Theory of Light {Phyt.) 
An early tlieory that light was due to a great 
number of very minute particle.s or corpuscles pro¬ 
jected or radiated from luminous bodies or sources 
of light. It is now suprseded by the Wave Theory 
{q.v.), of wliich tbo Electromagnetic Tlicoiy is a 
development. 

Emperor {Print.) A size of writing or drawing 
paper measuring 72 by 48 inches. 

Empirical Formula {Chem.) See Chemical 
Formulas. 

- or Rule. A formula or rule which is based 

on the result of trial or experiment, not on theoretical 
calculations. A very large number of the rules used 
in var ious trades are of this nature. 

Empress {SuiM.) A roofing slate measuring 

26 bv 16 inches. 

* I 

Em Quads {Tgpog.) Quadrats or metal spaces 
used for filling oiit short, lines, and cast 1 em (m) 
square to any particular body. 

Em Rules {Tgpog.) Rules cast on an em (m) of 
any particular body, snob as an em dash, —. 

{Cltem.) An enzyme (g.v.) It occurs in 
almonds and probably in all plants which contain 
an enzyme capable of hydrolysing glncosides. It 
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•can be obtained as a,'white powdet by rubbing 
pressed almonds to a pulp with water, allowing to 
stand till acid fermentation sets in, filtering and 
preolpitating with alcohol. It has the property of 
hydrolysing a laige number of glucosides e.ff. 

amygdalin, salicin, arbutin, etc., and it is remark, 
able that it hydrolyses milk sugar. Sea Ahyodalin. 

Emolsion (PAoto.) A sensitive salt of silver held 
in suspension (in a very fine state of division) in 
collodicm or gelatine. 

Emyt (^Zoology'). A genus of pond tortoises found 
in Bouth Europe and in North America. They are 
eaten by the natives of the countries in which they 
live. 

Enamel. The manufacture of enamel reaches 
back to prehistoric times, examples having been 
discovered in this country dating back to tlie Iron 
Age, while the Babylonians have l(>ft many specimens 
on their enamelled bricks. Enamels generally con¬ 
sist of a vitreous base, rendered more or less opaque 
by the addition of cryolite (g.v.') or fluorspar, colour 
being obtained as a rule by the addition of various 
metallic oxides. Enamels arc usually applied either to 
pottery or metals; in both cases the enamel is caused 
to adhere by fusion. Champlbv:^ Enamelling : 
The design is drawn on a copper plate, all the parts to 
be enamelled being excavated and the hollow.s filled 
in with enamels, which are fused and the surface 
then ground smooth. Limoges, in France, was for 
centuries the chief centre for this kind of enamelling. 
Cloisonne Enamelling : The design is outlined by 
means of metal strips fixed on edge to tlie surface to 
be treated; the spaces betw»!cn the strips are filled in 
with enamel, which is then fused and ground smooth, 
as in the preceding case. Examples of this kind of 
enamel are to Ixs found in larly Byzantine work. 
Tbanbpabjsnt and Translucent Enamels were 
used by the Italian goldsmiths in the thirteenth 
century. Enamel Tainting : This art, practised 
largely in the sixtcentli century, is now rarely 
employed except for utilitarian purjio.sos, such as 
names of streets, notices, advertisements, etc. 

- (C^ele). The “body” of the enamel is 

some resin, amber, or asphalt. This is dissolved in a 
solvent consisting of turpentine and boiled oil. Each 
coat is hardened by heating in an oven before the 
next is applied. 

-(Dec.) Paints drying with a highly glossy 

surface, made in a large variety rif colours by mixing 
a pigment such as zinc oxide with copal varnish and 
other thinners (g.v.') The use of this class of paints 
has increased considerably of late years, both for 
inside and outside work. See Enamelling. 

- (Glaes Mannfao.) Coloured glass in which 

an excess of colouring agents are present, causing 
opacity. 

- (Pot.) Enamel colours are those containing 

soft fluxes that will melt and become affixed to the 
glazed ware in the enamel kiln (g.v.) 

- (Zoology). The substance forming the cover¬ 
ing to the teeth. It is very hard| and has but little 
organic matter in its composition. 

Kiln (Pot.) This differs in construction 
#from the bisque and gloat ovens, being of the Muffle 
team; that is to say, the flues encircle the inner lining 
of the kiln, and the heat is communicated to the 
ware by radiation, not by contact. It is nsed for 
firing painted and gilt wares. See oho Pottebt 
*TSO POBOBIAIK. 


Enamelled Leather (Leather Mamffac.) Known 
is Patent Leatbbb. The leather is coated with a 
varnish, and then lieated. The varnish may be made 
any colour with metallic pigments. This gives the 
leather a costing similar to enameh 

Enamelling (Dee.,) The process of painting wood 
and other work with an enamel giving a very glossy 
surface. In the best work at least six undercoats 
are given before tlie enamel is applied, and each is 
carefully rubbed down with fine sandpaper before 
the next is applied. In common work enamels are 
sometimes applied directly upon the ground, but this 
results in making the inequalities conspicuous. 

- (Eng., etc.) The coating of metal wilh some 

form of varnish, usually of a bituminous oharacter. 
In many cases this is fused or STOVEI) by raising the 
whole piece of work to a high temperature. 

- (Photo.) Tho process of imparting a gloaay 

and brilliant surface to a print by coating it with 
collodion or some other. transparent medium, to 
which a smooth surface can be given; I he term is 
sometimes aiiplied to the mere burnishing of the 
film by steel rollers, etc. 

Enantiomorphum (Chem.) Two crystals are said 
to be enantiomorpluius when they are composed 
of the same crj'stallographic elen)enl.s (faces, edges, 
angles), so .'inanged that the one is the mirror image 
of the other; that is, the one crystal cannot by any 
process of changing its position or by nitating it in 
any way be brought to congruence with the other. 
The right nn<l left Itands are enanlioniorphous. 
Crystals of ojitically active substances are cnan- 
tiomorphous, one crystal corresponding to the 
dextro compound and the other to the Isevo 
corn pound. 

Encastr^ (Eng.) A beam whoat> end or ends are 
built into a wall is said to be Encastrri. 

Encaustic. See Tainting (Methods). 

Encaustic Painting. See Tainting (Methods). 

Encaustic Tile (Jiuild.) A coloured, baked, and 
glazed tile. 

End {Tewtile Manvfac.) A warp thread. 

Endellionite (Min.) A synonym for Bovrnonite 
(g.v.) 

Endemic (Jlygieoe). Thisterm indicates a disease 
affecting a number of persons in a particular district, 
the cause being largely due to local circumstances. 
Of examples we have cholera in certain parts of 
India and smallpox in the Soudan. 

End Grain. 'I'he surface of timber which is at 
right angles to the direction of the grain—he. a cut 
across the log or plunk. 

Endless Paper (Print.) Paper used in rotary 
macliincs, supplied in reeis, as distinguished from 
paper in sheets. 

Endless Rope or Chain (Eng.) A common ex¬ 
pression for a chain or rope with its ends joined 
together; often used for transmitting power, as 
In a cycle or an overhead crane. 

End Links (Eng.) T.inks of slightly greater 
strength than the ordinary links*of a chain; added 
at the ends for welding up wiien the chain has to 
be connected to any other object. See aUo Sh utting 
Links. 

End Heaiurement (Phyt., Eng., ete.) A measure- 
meut of length made by means of contact witu the 
extreme end of the object. Callipers, screw gauges, 
and the Whitworth measniing machine all give end 
measurementa ’ 
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Bttdocaarp HBaiany'). The Stokb cht innermost 
Injmr of pericarp of a drape (;.v.) The shells^ 
of the walnut, eoooannt, and almond are the endo> 
carps of drapes. 

Endoapann (^Botany). The tissue containing food 
sabstances (starch, proteid, oil, or cellulose) in 
certain seeds. See Album kn. 

Endothaliom (JSooUgy). A form of squamous 
epithelium lining the body cavity and blood vessels. 

Endothermic Compounds (Chem.') Compounds 
formed from their elements with absorption of heat. 
Most endothermic compounds cannot be formed 
directly from their elements ; in such cases the 
‘beat of formation is obtained by calculation. 
Hydrio<lio acid, carbon disulphide, acetylene, the 
oxides of nitrogen (N„0 and NO) are examples of 
endothermic componnds. 

End Papers iZtinding'). Usually known to the 
public as FLY LsavKS. Wie white or coloured 
sheets placed by the binder at the beginning and 
end of a volume, wne half being pasted down upon 
the inside of the cover. 

Endromis (Archcrol.') A thick warm wrap, used 
principally by Greek and Roman athletes to prevent 
them from taking cold after exercise. There are 
frequent representations in classical art. 

Energy (Pfiyt.) The power or capacity for doing 
work. KlNElIC, POTESTIAL, Radiaet Enbboy, 
etc. 

Engaged Column (^ArcJtitect.y A column attached 
to a Willi and projecting not less than half its 
diameter from the wall face. 

Engine. (1) In the older uses of the word, any 
piece of mechanism. (2) A piece of mecuanism uscnl 
to convert beat or some other form of energy into 
mechanical work; in other words, a m.ochine for the 
development of Power (g.v.) from some source of 
energy, such as coal, gas, oil, compressed air, etc, 

• See Btbam E,ngine, Gas En(!iee, etr. 

Engine Cylinder, etc, {Bug.) Sec Steam Engine, 
•Gas Engine, etc. 

Engine Friction The Friction (y.r.) 

between the moving parts of an engine; it i.s one 
of the chief causes of loss of power in the engine 
itself. 

Engine Pit (.Eng.) A depression or pit into which 
a man can get to examine the lower parts of a 
locomotive, motor car, etc., wliioh is placed over 
the pit. 

Engine Register (.Eng.') A counting mechanism 
for siiowing the total number of revolutions made by 
an engine in any given time. 

Engine Sized Papers (Paper Manv/ae,) Papers 
adzed by the addition of resin, size, or other sizing 
materials, in the beating engine. 

Englant4 ( Jler.) Sie Fbuctbd. 

English Bond (Band.) A wall showing alternate 
<5ourses of Headers and Btbbtcheks (g.v.) on 
the face. 

BfigHah Degrees. See Descboizilles. 

Engobe (Pot.) A term applied to a white paste or 
pipeclay found on ancient pottery. 

Engrailed (Her.) .A divisional line formed of 
aeniiciroular indentations with the points from the 
figure. See under Hbbaldby. 

EagrATiag and Etohing. The term engraving is 
necessarily comprehensii e, since one may engrave 
upon almost any iuaterial-»metal, wood, glass, shells, 


and even the soft plaster o&tbe gable oi tt hooMO, 
which latter process, called sgraffito, is really a kind 
of engraving. For the various methods of ee^niwiiig 
upon metal plates, steel, copper, and zino are tnoiro 
commonly used; the latter, however, only for ooafye 
kinds of work, zinc being a very soft and porouu 
metal. The processes employed in engraving and 
etchii^ are intimately associated, and may be said to 
overlap each other, since most engravers make use 
of an etched line as a foundation for subsequent 
work with the burin, or graver, while .on the other 
hand many etchers employ the hnrin as an adjunct 
or auxiliary to their etched work. The chief ditter* 
ence between the two proooa«ics is that while en¬ 
graving implies the catting or gouging of lines or 
spots by means of a sharp instrument, etching 
consists of biting or eating into the plate by meona 
of acid or other chemicals. The result in each 
instance is essentially the same, a series of lines or 
other disturbance of the smooth stfrface of the 
plate, making an intaglio capable of holding printer’s 
ink, from which a proof may l)e taken by pressure. 
Line Engravings Tine engraving does not appear 
to have been pra.ctisod as a fine art before the be¬ 
ginning of the fifteenth centui-y. It was largely 
employed for tlie illustration and embellishment of 
the earlier printed books, both in Germany and Italy, 
and afterwards as a means of reproducing pictures 
and other works of art. At the present time the art 
of pure line engraving is almost extinct, mainly 
owing to the length of time neoes.sary to complete a 
plate, an important enprraving on a steel plate not 
unusually occupying five years or even longer. The 
line produced is clean cut, even, and necessarily, 
from the method employed, somewhat severe, in this 
respect contiasting with the greater freedom of the 
etc lied line. Printing of Line Engravings: After 
being inked, the surface of the plate is wiped clean, 
the ink being left in the lines. The process em¬ 
ployed in the jirinting of etchings, called “retroua- 
sage,” is not employed. The impression stmek off 
on paper is called an “ Engraving.'’ Mbzzotint ; 
Tliis is a process by which the ground of the plate 
IS entirely broken up hi' means of an instrument 
called the rocker or cradle. It raises a burr in such 
quantity as to give a rich full black in the proof. 
'I he plate is rocked from all possible angles—an ex¬ 
tremely tedious process, forty different ways making 
a full ground. The ground is lowereii for lighter 
tones by means of hcrajiers, the highest lighta 
be’ug polished with the burnisher. Tho ground is 
left untouched for the darkest shades. Pure mezzo¬ 
tints are produced entirely by means of the rocked 
ground and scraping. It is, however, a common 
j'lractice to etch tbe outline of the subject first, and 
afterwards to have the ground rocked. The prints of 
Turner’s famous “Liber Btndiorum” were executed 
in this manner. Turner himself etched the outline or 
skeleton with a strongly bitten line, and trained 
engravers to carry out tho mezzotinting. Mezzotint 
engraving was invented by Ludwig von Bicgen, an 
officer in the service of William VI., I-andgrave of 
Hesse-Cassel. Von Siegen communicated Ids secret 
to Prince Rupert,# who introduced the art into 
England, and executed a number of plates, tlie most 
famous of which is “ The Great Executioner,” after 
Spagnoletto (1G5H). The golden period of mezzotint 
was between 1770 and 180f», when the principal 
paintings of Reynolds, Romney, Hoppner, and Other 
artists were engraved in the most superb manner. 
These prints command a large price at the present 
time. StiffIiB Engbaving : ’Ibis ^gocess is an 
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elaborate ejstem of dots, no lines being used. The 
dots are arranged in such manner as to express the 
planes and modelling of the snbjeot. In this pro¬ 
cess etoliing is employed as an adjunct or rather 
as a foundation for subsequent work with the burin, 
the dots being etched on a ground by means of an 
acid, and afterwards added to and deepened with 
the burin. The point of the stipple graver is bent 
dcmmardtiy this being the best shape for picking 
into the dots. For line engraving the burin is 
curved vpfeardt at the point. Both bitten and cut lines 
are occasionally used in conjunction with the dots. 
Stipple engraving was introduced into this country by 
William Wynne Eyland(173S—1783). He acquired 
the art in France, where it hud just been perfected by 
Jean Francois. Bartolozzi was one of the most success¬ 
ful practitioners of this method. Both mezzotint and 
Stipple engravings were frequently printed in colours. 
Wood Enguavino: The chief difference between 
met^ and wood engraving lies in the fact that wliilc 
in metal engraving the lines are represented by 
grooves cut in the metal, in wood engraving the 
apaees between the lines are out anuty, leaving the 
lines in relief. This necessitates a very different 
method of printing, since in the c:»se of metal the 
lines or grooves are tilled in with printer's ink, and 
the surface of the plate wiped clean; wliercas on 
wood it is the surface only of the block, represented 
by the lines in relief, wliich is inked. The tool 
employed is the graver, used in the same way as for 
metal. The earlier wood engravers matle use of a 
small knife. Flat “ scaupers ” an’ used for clearing 
away spaces between the lines. The wood is usually 
box, allhongh maple, plane, apple, pear, and beech 
are occasionally used for various kinds of work. 
The art of wood engraving originally came from the 
East, where it wa.s practised V)y the t'hinese from a 
very early period. Different forms of wood cngraviJig 
have, however, boon prae-tised at most periods of the 
world’s history, wood stamps being extensively em¬ 
ployed by the Egyptians and Ilomans for the 
stamping of brick,s and other materiah-; and wood 
blocks were also used, and are still used, for the 
stamping of printed fabrics—in fact, this is the 
process which Vt'illiam Morris employed at his works 
at Merton Abbey. Broadly speaking, the practice n{ 
wood-engraving as a fine art is cf/oval with the 
invention of printing, and from the earlier part of 
the fifteenth century onward most printed books 
were embellished with wood cuts, some of whi<'h 
attained a very high degree of excellence. Wood- 
engraving perhaps touched its high water mark in 
the hands of Diirer and IIan.s Bnrgkmair. From the 
beginning of the seventeenth century tlic art gradu¬ 
ally declined; but the end of the eighteenth century 
was destined to witness a remarkable revival at the 
hands of Thomas Bewick, Blake, and otliers. Cheap 
modem “processes" have now almost completely 
superseded wood-engraving sis a means of repro¬ 
duction; but within the past few years there has 
been a distinct revival of this means of original 
expression, and an effort is being made to recall 
the best principles of the art. The late William 
Morris would have nothing wjiatever to do with 
“process,” and all the illustrations of the famous 
Kelmscott Press were engraved, not indeed by the 
artists themselves (although Morris exeeut < d several 
blocks with Ids own hand), but by a capable artist 
who was perfectly in sympathy with the great 
traditions pf ttie art. Original wood engraving is 
now being practised by a number of artists of 
distinction. In France it is the chief means of 


expression of one of the greatest of living craftsmen^. 
M. Lei^ere. 

Etching. 

The meaning of the word etching is to eat or 
bite in, such biting being accomplEthed by means 
of some oorTo.sive acid. A metal plate (usually 
copper) is covered with a “ground" formed of 
a thin coating of wax, capable of resisting the 
action of the acid. The subject is drawn upon the 
ground with a needle point, just sufficient pressure 
btiing used to remove the ground and lay bare the 
metal. The plate is then immersed in a bath of acid, 
which attacks only the lines drawn upon the plate. 
Lines of varying tliickness are obtained by regulating' 
tlie duration of the immersion. The fine lines are 
stopped out by means of a varnish applied to these 
lines, the stronger lines being obtained by again 
immersing the plate. The back and edges of the- 
plate are also protected from the acid by means 
of such varnisli. The printing of an etching requires 
considerable skill, very tliffercnt results being ob¬ 
tained from the same plate in different hands. The 
plate is first heated, and the lines are filled in by 
means of a dabber, appl ied with a rocking motion to all 
parts of the surface, the superfluous ink being wiped 
off with muslin. The process called retrimssage. is 
then applied. This consists of passing soft muslin 
lightly all over tl)c plate, especially in those parts 
requiring more force, gently dragging the ink over 
the edges of the lines, and thereby softening th(.’m. 
It is precisely this jn-noess which requires su[)erior 
skill and judgment, and it is this process which con¬ 
stitutes the difference in the printing of an etching 
and a steel engraving. AquATiNT : This is a pro- 
ce.ss by which the acid is allowed to attack large 
portions of the plate instead of lines. It is really 
etching by tones, and prochices something of Uie 
effect of a wash drawing in Indian ink. The plate 
is only partially protected by a ground com])Osed of 
asphalturn (lust or resin dis.s(ilve<i in spirits of wine. 
The spirit cvaporate.s, and leaves a tliin even coating 
of dust or gKiin. Tire acid attacks the plate in the 
iutersticas, I'rodncing a flat tint. The variations of 
forms and tones are obtain.sd by stopping out, as in 
cl ehiiig. The tones may be further varied and modi- 
fi(!d by means of the b-ainislicr. The etched line may 
be used in conjunction with aquatint, and in sorue 
aquatints an outline is first etched to give force and 
character to the work. Soft CJkound Etching : 
In tills process the ordinary etching ground is used^ 
mixed with about half its weight of lard, more or 
less, according to the temperature of tlie air. The 
ground is laid with a dabber in Iho same way as an 
ordinary etching ground, and afterwards smoked with 
a taper. Thin paper is strained on the plate when 
cold. The drawing is made on the paper with a lead 
pencil. On removing the sheet, the ps jier takes up- 
the varnish which adheres to it. The plate is then 
bitten in the usual way. The paper employed should 
have some grain, as a smooth paptjr gives no rc.>.ult 
whatever. The print which h obtained gives some¬ 
thing of the 'appearance of a lead pencil or crayon 
drawing. Duv Point: I'hooretically this is the 
simplest of all forms of engraving, since nothing but 
a mel-al plate and a hard catting point is needed. 
The actual practice, however, is far from simple. The 
design w drawn upon or cut into the bare metal with 
a point sharpened to a flat cutting edga The point 
not only ploughs into the metal (copper usually), but 
raises a ridge or burr which catches the printer’s ink 
and gives a soft, velvety effect in the proof. The 
amount of burr raised by the etching point depends. 
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me mnch upon the angle at which the point ia held 
as upon the amount of pressure exercised. A point 
held at an angle of, say, 45“ will give more burr than 
that held perpendicularly with the same amount of 
prej'sure, t>^ point plates will not yield a large 
number of prints, even when the plate is steel faced, 
as the burr wears away. Dry point is employed as 
an auxiliary to the bitten line, and elaborate etchings 
are generally finished with the dry point; but in this 
cnse the burr is removed by means of the scraper. 
Ra\d Gbain : This process is used by some etchers 
witli good results, but always as an auxiliary to the 
etched line. A ground is laid as for etching ; a sheet 
of sandpaper is then laid face downwards on the 
plate, which is passed through the printer’s prc.ss 
with sufficient pressure for the grains of sand to 
pierce the ground. Tlie plate is then stopped out 
and bitten in the usual manner. Subjoined is a list 
of the more famous of the earlier engravers and 
etchers: 


» Italy. 

Born. 

Died. 

Andrea Mantegna 

14.11 

1506 

Botticelli .... 

14:i7 

1515 

Marn-Antonio Raimondi 

14H0 

15:50 

Parmigmno .... 

irm 

1540 

Balvator liosa 

IfiU 

1(573 

Canaletto .... 

11597 

1708 

Gebmant. 

Martin Schongauer 

1420 

1499 

Albrecht Diiier . , . 

1471 

1526 

Hans Holbein . . * . 

1494 

1643 

Burgkmnir (wood) 

1471 

1511 

Alfdorfer . ... 

14 SO 

1,5.18 

Aldcgre%'cr or Aldcgraf 

1502 

1558 

Holland. 

Retnhrjint .... 

11507 

1009 

Adi-i.-rn van O.stade 

1(510 

1685 

David Teniers 

1010 

1694 

Paul Pol ter .... 

1152.5 

1054 

Rnvsdael .... 

]15'25 

1681 

P. Bol. 

1011 

1081 

FIjANDEBS. 

Lucas van T.cyden 

1494 

1553 

H. Gciltzius .... 

16.58 

1617 

Spain. 

Ribera (Spagnolctto) . 

1.589 

1650 

Goya. 

1716 

1828 

Fbancb. 

Claude. 

1000 

1682 

Poussin .... 

1697 

16(55 

Joscpli Vemet 

1712 

1789 

M^ryon .... 

1821 

1868 

Enoland. 

Van Dyck .... 

1599 

1641 

Hollar. 

1607 

1677 

Prince Rupert (introduced 

mezzotint into England) . 

1619 

1682 

Hogarth .... 

1097 

1764 

Bartolozzi .... 

1727 

1813 

Sir Robtirt Strange 

1721 

1792 

Woollett .... 

1736 

1785 

Chbomoxylookaphy. 
'ood PlooA JSngraving and Printing 

in Colour. 


As in the case of wood engraving, this art 
came to us from the East. It is quite a recent 
art so far as Western nations are concerned, and up 
to the present the practice of it is almost entirely 
confined to this country. There is a general con¬ 


sensus of opinion amongst artists tiiat the quality 
and texture of a chromolithograph, or indeed of any 
process of oil colour printing, is unpleasant and 
unsatisfactory compared with the beauty of shrface 
and quality of a Japanese colour print. A few years 
ago experiments and inquiries were made by a little 
band of artists in London into the Japanese methods' 
of engraving and printing in colour, with the result 
that a number of very successful prints have been 
produced, and classes have been formed for instruo- 
tion in this branch of art at the Central School of 
Arts and Crafts in Regent Street and at other places. 
The Smithsonian Institute of Washington has issued 
a pamphlet giving details of the process, with photo¬ 
graphs and drawings of the various tools and 
materials, and a certain amount of interest has 
therefore been aroused in the United States. The 
proc.e.ss is as follows: The wood employed is cherry 
or pear, cut instead of in transverse section, 

as in the case of box. The design is drawn upon thin 
tis.suo paper and pasted face downwanls upon the 
wood. A careful cutting along both sides of the 
lines of the design is tlicn made, a small knife 
being used instead of a burin or graver, The knife 
resembles a small chisel sliarj>ened to an angle. 
The wood between the cut lines i.s then hollowed out 
with curved chisels, leaving the lines in relief, as in 
ordinary boxwood engraving. An impiession of this 
i.s thoji taken upon Japan paper. This is called the 
key block, and is usually printed in Indian ink. 
Impre.ssions from this key block are then pasted 
down upon fresh bloe.ks, and the diderent colours of 
the dc.‘-igu cut, neucs.sarily in fiat tint.s, A separate 
block or printing is necessary for each colour, 
although if a particular colour should occupy only 
a portion of the block, another colour may be cut 
upon tho reinauiing portion of the same block. 
With care bnth Kide» of a plank may be utilised. 
It is nijcessary to iiave a sy.stem of register marks, 
in order that each print may fall in the right place 
during printing. Ko mechanical means whatever 
arc vsed in printing. Tlie colours employed are 
dry powder colours, mixed only with water and a 
lillle rice j)a.ste, and applied to the block by means 
of a large flat camclhair brush. Pressure is applied 
by means of a small flat pad or rubber made of some 
kind of soft leallier, held in the hand and rubbed 
smartly backwards and forwards on the back of the 
pa]jcr, which is carefully placed upon the block. 
The paper, which i.*, of a particular quality, made- 
from the bark of the mulberry tree, is ea.''ily pro¬ 
curable in ].<ondon, and should be placed between 
damped sheets of blotting paper before being u.sed. 
The paper should, however, be first sized with 
gelatine size applied with a flat brush.—G. W'. R. 

Enharmonic Change (.Music'). The suhstitution 
of one or more notes for others practically the same; 
e.g. B for f^. or Ap tor 

Enharmonic Interval {Mvsic). One less than a 
semitone. It cannot be obtained on keyed instru¬ 
ments, such as the pianoforte; e.g. and J)p are- 
the same note. 

Enlargement (Photo.) A large print (or more 
rarely a negative) made from a smaller one by the 
use of an enlarging lantern. This is a form of 
optical hintern ({’.».) in which the small negative 
required to be enlarged is used in place of a slide, 
and the image is thrown on a sensitive surface, such 
as carbon or bromide printing paper. When a suffi¬ 
cient exposure has been given, the print is developed 
in the ordinary way. 
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Enol Fom or Enolie Fomi (C%om,) Compoonds 
which contain thegroap — CO — CH, — CO — behave 
in certain reactions as if this group had the consti* 
tntion — C. OH = CH — 00 — ; the latter is called 
the Enol or Enolio Poem. Examples: Ethyl 
AobtoACSTTATB (j.n), CH,C0 CH* . COOC.Hj, be¬ 
haves in some reactions as if it had the formula 
■OH,. COH = CH . COOCjH,. Aoetonyl Aoktonb 
< 5 '.®.), CHjOO. CH,, CHjCOCH,, in some reactions 
behaves as if it had the formula CH,. COH - CH . 
CH = C. OH. OH,. See IiAdtomeeism. 

En Qaads (^Typotj.) Spaces exactly half of an em, 
so that two en’s (n’s) equal one em (m). 

Enviohment {Arehitcet. and Build.) A general 
1»rm for ornamental devices added to any structure 
•r design. 

Enriohmeat of Coal Gas. See Gas Manufactuek 

Ensilaj^e. A process of preserving green fodder 
for cattle by storing it in a Silo or pit, under pressure, 
without having previously dried it. 

Enior (^Laee Manvfae.) A very ingenious method 
•of making net upon the Levers lace machine, invented 
by the late Mr. F. It. Ensor of Nottingham. It is 
double warp, and similar in appearance to Hnissels 
net, but neither system of threads is traversed. 

Enstatite (Afta.) Magnesium silicate, MgSiO,. 
Silica = (50, magnesia = 40 per cent. The variety 
Bbonzitb contains up to 12 or 14 per cent, of iron. 
In various dull shades of green, grey, and brown. 
Bhombic; also massive and lamellated. It is one 
of the* ortho-rhombic pyroxenes. See Pyboxbne. 
Prom Northumberland and several parts of Scotland, 
Norway, France, etc. 

Entablature {Architect.) Tbe upper division of | 
an order, abeve 
the columns, 
consisting of 
tho cornice, 
frieze, and 
architrave. See 
Column, 

Abchitectube 
<Oe»bks or), 

C O B N 1 C K , 

PbiezEjAkchi- 

TBAVB, and \ AAAAAK 

Bboken Bn- 

■TABLATUKB. __ 

— .{Eng.) ENTAljnA.TLUE. liOMAN UoBIC. 

A plate or 

frame carrying some part of a machine (or other 
structure) which is fixed at some lieight above the 
baseplate and supported by struts or columns. 

EntaelB {Architect.) The swelling of a shaft 
beyond tbe form of a truncate<l cone. The delicate 
•entasis used by the Greeks was just sufficient to 
prevent the shaft looking hollow, the curvature of 
the columns in the Parthenon being aljout ^ inch in 
31 f U In Boman work tbe entasis is obvious, instead 
of being hardly perceptible as in the case of the 
<3Feek uolumna See Abohitbctube, Obdebb of. 

Ente {Her.) Various forms of dividing lines 
similar to indented lines, bat carved instead of 
angular. 

Entering Drill or T^p or Hie {Erig.) A drill, 
■tap, or file, etc., which is used for toe first approxi¬ 
mate TOugMng out of a hole to its shape, but not for 
j^iving it Its final form. 


Entering, Paseiiig, <»*Drftnrbig la {^Ih Mawt^ae.) » 
A process of drawing the warp thread by thread 
through the mail of mounture or eye of heddle. 
The various forms of entering are the “straight” 
pass, “ skip ” pass, “retum” or “point” pass, “space" 
ixiss, “ stage " pass, and “ irregular ” pass. STBAlORT 
Pass; Entering the threads in regular succession 
through the eyes of the heddles. 8kif Pass : Enter¬ 
ing through alternate heddles; i,e. if on eight shafts, 
taking the first, third, fifth, and seventh in succes¬ 
sion, then the second, fourth, sixth, and eighth. 
Return ob Point Pass: Entering In succession 
straight up tlic harness, and then straight down the 
harness. Space Pass : Entering several threads in 
succession on one shaft. Stage PAas: Entering 
through more than one set of heddles for fabrics, 
having mixed plain eliccts, such as Tabaret. Ibbe- 
GULAB Pass : Any form of undefined entering to 
meet the requirements of certain fabrics. See 
Heddle, Mail, Mountube. 

Entresol (A rcAifsef.) /foe MEZZ 4 NINE. 

Entropy {Heat). That property of a body which 
remains constant when there is no oommunioation 
of heat, but which increases wlicn heat enters and 
diminishes when heat leaves the body. 

Entry, Right of {Hygiene). By the Act of 1891 
the Sanitary Autiiority has the right to enter any 
premises for the purpose of examining as to the 
existence thereon of any nuisance liable to be dealt 
with summarily under the Act, at any hour by day, 
or in the case of a nuisance arising in re.spect of .any 
business, then at any hour when tlial business is in 
progress or is usualfy carried on. The term “ day ” 
is defined as the period from 6 a.m. to 9 p.m. 
Practically the same power i.s gi\en by tho 
1S73 Act to officers ctf Local Authorities outside 
J.ondoii. The main dLstinction is with refereniie to 
time of entn*. In regard to private honves the 
officers .shall be admitted at any time between the 
hours of 9 a.m. and 6 p.m., or in respect of any 
business, then at any hour wlien such business is in 
progress or is usually carried cn. If entry is refused, 
a justice may grant a wanant upon api)lication by 
the (Sanitary Aulhoiity. Occupiers niaj* require tho 
person claiming the riglit to enter to produce some 
written document, properly authenticated on the 
part of tho Sanitary Authority. The power of entry 
may be exerci.sed by any members or officers of the 
Sanitary Authority, or jiersons autiioriscd by them 
generally or in any particular case. 

Envelope. (1) The bounding or covering surface 
of a solid. (2) A curved line (or surface) which is 
touclied by every member of a series or family of 
curves. 

Envelopes, Cometary {Antron.) Jets of incan¬ 
descent material arc thrown off from the nucleus of 
a comet as the sun is approachtnl, and these jets 
form a scries of concentric envclo].)es like hollow 
shells, one within the other, round the nucleus. 

Enzymes or Unorganhed Ferments {Chem.) 
BuLstances of entirely unknown constitution; they 
arc probably related to the albumins—some {e.g. 
pepsin) more than otiiers. lake albumins, they axe 
precipitated from their solutions by alcohol and by 
certain salts, such as ammonium sulphate. They are 
colloids: as albumins are coagulated by heat, so, on 
boiling, enzymes lose their activity. They are pro¬ 
duced in the living cells of plants and animals, and 
are obtained from these by various metljoils. See 
Diastase, Emulbin, Ztmase. They are very wide- 
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,q;>read in nature, and are divided into classes 
aooording to the kind of action they prodnce; 0 .y. 
syinase hydrolyse monosaccbaiides; invertin hydr^ 
lyses disaocharides; diastase hydrolyses polysaccha¬ 
rides; and emnlsin hydrdlyses glncoeides. Bennet 
coagulates albumm. Other enzymes, e.y. pepsin, 
convert alboinjin into the diffusible peptones; others 
bring about oxidation, and others rednotion. All 
enzymes have the power of resolving hydrogen 
peroxide into water and oxygen. An enzyme has 
the property of acting upon a quantity of substance 
incomparably greater than its own ma^s; but its 
power in this direction is limited, and the action is 
never a complete one; e.g. emnlsin cannot hydrolyse 
the whole of a given quantity of amygdalin at once; 
but if, when the action has stopiKsd, the prodiictis of 
hydrolysig be removed, the action will continue. This 
sugg^ts that the change is a reversible one; and it 
has been shown in the case of the enzyme maltase 
that it not only resolves maltose into dextrose, but 
also changes dextn)sc to maltose. An enzyme of one 
class cannot effeat the same change as an enzyme of 
another olas-s; even sliglit differences in structure 
affect the activity of an enzyme; e.g. zymase ferments 
glucose readily, galactose with ditlionlty, and talose 
not at all. These stereoisomcrides are represented 
by the following spacial formulse (jsee STEBHO- 
XSOUBRISM) : 

CHO CnO CHO 

I I i 

H.C.OH H.C.OII HOOH 
HO.C.H HO.C.H nO.O.H 

H.C.OII HO.C.H HO.C.H 

1 I I 

H.C.OH H.C.OH H.C.OH 

I I I 

CH.OH CH,OH CHjOH 

Glncora. OatiictOHo. Talose. 

Again, metlijl glucoside exists in two stereoisomoric 
forms, of which the a-form is hydrolysed byemulsln, 
while the /3-fonn«is not. Many substances affect 
the action of enzymes; e.g. traces of alkalis promote 
their action, while large quantities stop it. Acids 
in minute traces are tolerated by most enzymes; 
chloroform, which kills living cells, docs not affect 
the enzymes; hydrocyanic .acid stops enzyme action, 
but on loading air through the liquid the acid is 
removed, and the enzyme again becomes active. As 
regards temperature, there is an oj>timum tempera¬ 
ture at wiiieh the enzyme acts best. Enzyme action 
is catalytic, i.e. the enzyme itself remains unchangetl 
after the •action. Curtain metals in a tine state of 
division acquire enzyme-liko properties : such are 
platinum, iridium, gold, etc. To obtain the metals 
In this state the electric arc is made to pass under 
water between poles of the metal. In this way 
pLalinnm gives a dark brown liquid in which the 
fine particl*?s of metal are held in a state of sus¬ 
pension. 3'iiis liquid decomposes hydrogen peroxide, 
traces of alkali promote its action, traces of acid do 
the same. It inverts cane sugar; it converts it at 
150^ into alcohol and carbon dioxide; it loses its 
enzyme-like properties on stronger heating; it is 
poisoned ” by hydrocyanic acid, and recovers its 
active properties on passing air through the solu¬ 
tion. These metallic “ solutions ” have been named 
iBOBOAsrxo Febmentb. 

Booelte (ffeol.) The lowest sabdivision of tbe 
Sertiaty Books. The name is based on the fact that 


marine fossiUferoas rocks of this am oozitai& (i small 
percentage of mollnscan species which atA living .in 
tbe same of the Earth at the present day, and 
which may bo regarded as marking the damn (whence 
the name) of the present 'mollnscan fauna.. The 
British succession, stated from the top downwards, 
is as follows: Bracklesham Beds, Bagshot Bands, 
London Clay, Oldhaven Beds, Woolwich and Beading 
Beds, Thanet Sands. 

. Eolith A name applied to broken flints or 

other kinds of stone wi|icb are supposed to beCr 
some distant resemblance to rude weapons shaped 
by human agency. The name was given because 
they were thought to be the earliest stone implements 
fashioned by primitive man, and therefore of older 
date than palseoUths. 

j O j 

* /v 

Eosin {Chem.') O » C,HBr.,<^^C,HBr„ - ONa. 

OgH,. COONa . 

The sodium salt, or the corrospomling potassium 
salt, of tetrabromfluoroscein. Bluish red crystals; 
a dilute solution in water shows green fluorescence ; 
a strong solution is bluish red. Acids precipitate 
the dye‘as a yellowish red solid. Used as a red 
dye for wool, silk, paper, biscuits. It is prepared 
by brominating fluorescein in alcoholic solu¬ 
tion. The potassium salt of tetrabromoflnoreacein 
(C„oH,Br.,Og. K,j + 6 H.p) was one of the first sub¬ 
stances employed in conjunction with ammonia for 
the preparation of orthochromatic plates sensitive to* 
yellow green rays. 

Eosine Goloars. See Dtbs and Hyeinq. 

Epicalyx (Jfotany). An outer wliorl of leafy 
structures in a flower, formed either by a series of 
bracts (e.g. Mallow) or by the fusion of the stipules 
of the sepals (e.g. Strawberry). 

Epicentrum. See Eabthquakb. 


EpichlorhydriB (^Chem.), CH,-CH-CHjCl. A 
liquid smcdling like chloroform; boils at 111”; in¬ 
soluble in water. It is obtained from both diohlur- 
hydrins (»ee Glycbbinb) by the action of caustic 
potash. 

Epioyclio 0ear (Ung.) Any gearing in which the 
centres of one or nrorc of the wlieels are not fixed to 
the frame of the machine, but describe circles. The 
DiBirBRENTlAL Geab (j.v.) used in motor cars is an 
example. 

Epieyclic Tridn (A?ny.) A set of Epioyclio 
Geab (q.r.) 

Epicycloid (Eng., etc.) The curve generated by 
any point in a circle which rolls round the outside 
of another circle. The teeth of ordinary gearwheels 
are formed of portions of epicycloids. 

Epidemic (Hygiene). The term “ epidemic * sig¬ 
nifies a disease affecting a great number of people 
at a certain time. Tbe disease may be distributed 
over a lat^e area or confined to a particular 00 m- 
miinitv. It may recur in cpideraic form from time to 
time, with intervening periods of complete immunity. 
fy. Endemic. 

Epidermis (Botany). The external layer of cells 
in plants. The confluent outer walls form the oatidei. 
and this is, in some plants, greatly thickened. 
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JEipidenniB {J&tol.) Tbp outer portion of the skin or 
uoycring of an jmimal, composed of one mr more 
lajers of cells. These layers are very numerous in 
tbp higher animals, and the outer layers give rise to 
hair, nails, eto. 

Epidlorite ( Oeol.") A basic schistose rock, primarily 
of eruptive origin, which has undei^one dynamic meta- 
morpmsm, resulting in the conversion of the pyroxene 
hi originally contained into one of the amphibolos. 
In many cases the parent rock was an intrusive slieet* 
ol dolerite. It is a coiumflto form of schist amongst 
tljife motamorphic rocks of the Scottish Highlands, 
"as well as in those of other areas which have hud a 
similar history. 

Epidote (.Mn.) A basic calcinm aluminium iron 
silicate, H^O . 4CaO . .It A1. FcOjO, • ‘’•Sit).,. Mono- 
symmetric. Colour, pistachio green to blackish 
grew. It is an important rock-forming mineral, 
and occurs widely distributed. Some of the finest 
.crystals are from Arendal, in Norw.ay; jUso from the 
*Wc^i(em Islands of Scotland, the Urals, the Pyrenees, 

Epitaph. (1) An inscription. (2) A sentence or 
'quotation at the commencement of the chapters of a 
book to indica.1e the sentiment or idea. 

Epigyny {Jiotani/). The condition in a flower 
when tlic thalamus, or flower axis, com]ilctely invests 
the ovary, leaving only the style and stigma exj^sed. 

Epinaos {Architect.) The rear porch of a Greek 
temple. See Ckll. 

Epiphysis (JSonl.) The end portions of a hone, 
separated from the shaft by a plate of tsirtilage in 
which are bone-making cells. By the addition of 
bone to the shaft and epiphysis, longitudinal growth 
is {obtained. 

Epiphyte {Botany), Plants which fix their habi¬ 
tation ujxin other plants without deriving food from 
them, as, for example, the orchids, certain species of 
whicli perch upon tlie branches of tree.s. 

Epistyle {Architect.) See Akcuitravb. 

Epithelium (Znol.) A ti.ssue concerned chiefly 
in the process of Seckistion {q.v.) Jt consists of 
thin slieets of (;ells, and forms the epidermis, the 
lining of coelom, alimentary canal, blood vessels, 
and the various duct.s. There are two kinds—the 
Squamous or Scaly, and the Columxar type. 

Epsomite {Min.) Native Ejisom salts; hydrous 
magnesium sul)>hatc,MgSO^ . 7n._,0. liliomhic ; also 
in incrustations. Colourless nr white. It is a 
common constituent of many natural mineral waters; 
it al.so ocem-s as an offlorcsoence on rock.s which con¬ 
tain magnesium. From Epsom, Hpain, Clausthal in 
the Harz, United Btatiss, eto. 

Epsom Salts (Chem.) See Magnesium Com¬ 
pounds and Epsomitf. 

Equation of Time {Astrm.) See Mean Solar 

Day. 

Equation, PePSonal {Agf.ron.) Skilled observers 
note the passage of a star acro.ss a wire of a transit 
instrument, too late or too early, by an amount that 
is different for each observer, but nearly constant 
for each. 

Equations CC7tm.) Chemical Equations. 

Equator, Celestial (Astron.) The great circle 
•of the celestial sphere drawn halfway between the 
poles; it is that in which the plane of the earth’s 
equator cuts the celestial sphere. 


Equatorial {Attron.) A large fliiieBcope with an 
axis parallel to the axis of the celestial sphere, and 
rotating at the same rate by means of clockwork, 
A star once brought into the field of view then 
remains in the field as long as required. A second 
axis at right angles to the first enables the telescope 
to be adjusted to the correct altitude at the com* 
mencement of the observation. 

Equatorial Radius of the Earth. See Badiub 

OP THE Earth. 

Equator, Terrestrial. A great circle on the earth, 
at right angles t») the axis through the poles. 

Equerre or Escarre {Jler.) Used by French 
and Gorman herahts for a cliajge resembling the 
“canton.” Called also in ancient times “ Angnlus.” 
A corner of a shield cut off by an elbow shaped band 
of .another tincture. 

Equilateral Arch (Build.) A pointed arch con¬ 
structed on an e(piilute]'al triangle. 

Equilibration ( hJnq .) Balancing ( q . v .) 

Equilibrium (Meek.) The condition of two or 
more forces whicli, when acting together on a body, 
produce no motion. 

-, Neutral (Meek.) The condition of a body 

when in equilibrium wdiich is neither stable nor 
unstable. A si)!iere or cylinder re-sting on a 
horizontal plane is in neutral equilibrium. 

Equilibrium Ring ( Bttq .) A ring of meUd fitted 
to tne biiok of a Ituge slide v.'ilve, ami making a 
smooth fit or contact with Ibc bai-k of the valve 
chest ; or lix<‘d to the inside of the valve chest, and 
niakiug contact with the back of the valve. The 
sitace inside the ring is kept in communication with 
tlve oxiiaust, tlioreby diminishing the pres.sure on the 
valve and rendering it easier to move. 

Equilibrium Slide Yalve {Entj.) A slide valve in 
which tlie steam ])H--.sure is relieved by an EQUILI¬ 
BRIUM itlNG or some oilier means. 

Equilibrium, Stable (Mrch.) . A body is In stable 
equililIlium if, aficr receiving a small displacoinent, 
it returns (or temls to return) to its origimd jiosition ; 
c . q . a sphere resting inside a hoUow sphere is in 
stable equilibrium. 

- . Unstable (Meek.) A body is in unstable 

equilibrium if, alter receiving a small displactimeut, 
the forecis which act on it tend to increii.se its dis¬ 
placement. A sphere jKiiseil on the top of another 
s)>here is in unstable equilitirium. 

Equinoctial Pointa (A-nirtm.) The points at 
wliicti the ecliptic cuts the celestial eijuiiitor. They 
are termed ru.sjiectividy the FIRST I’oiNT OP Aries 
and First Point op Libra, though, owing to pre¬ 
cession, they no longer lie in the constellations from 
which they take their names. 

Equinoxes (Astron.) The dates when the sun 
crosses the equator; i.e. March 21st (the Vernal 
Equinox) and September 23rd (the Autumn Equinox). 
The day and night are then of equal duration. 

Equipolle (Her.) A French charge resembling 
“ Chequy,” only the nundnT of the squares is limited 
to nine. The centre and four comer squares differ 
from the four other squares in tincture. 

Equipotential Surface (Bhye.) A surface, either 
real or imaginary, every })ari of w’hich is at the same 
potential (q.v.) The surface of a conducting body is 
always an equipotential surface so far as concerns 
electric forces. 
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EqnlMtom or Honetall {Botany'). A genus of 
fern plants growing in swampy places, and having 
Jointed stems with whorls of slender branches. The 
stems of one species are used, under the name of 
SlTTOH BtTSHBS, for polishing. Silica is abundant in 
the cell walls. 

Eqnlvalenue (CVism.) Another term for YanEKOT 
{q.v.) 

Equivalent ( Chem.) The equivalent of an element 
is that weight which will combine with, or displace 
from combination, one part by weight of hydrogen. 
The ^equivalent of an element is the same us the 
quotient (atomic weight-^valency). The equivalent 
■of a non-metal can be found by analysis of its hydro¬ 
gen compounds, that of a metal by finding tbe weight 
-of hydrogen displaced by a known weight of the 
metal from an acid, or in case tlie metal is not 
acted upon by an acid in such a way as to set free 
hydrogen, by converting a known weight of the metal 
into an oxide, weighing the oxide, and calcvilating 
the equivalent fronji the fact that 8 parts by weight 
of oxygen are equivalent to 1 part by weight of 
hydrogen. 

Equivalent Focal Length {Photo.) A term applied 
to a compound lens. 'J'lic equivalent focal length of 
a compound lens is equal to the focal length of a 
single len."!, which would produce tlie same magnifi¬ 
cation of a distant object as the compound lens under 
consideration. 

Equivalent Lens {Phys.. eto.) A lens i.s equivalent 
to a given combination of lenses if, when placed in 
the position of the one on which light lirst falls, it 
prviduccs the same deviation in tlie- axis of an ecce--- 
trical pencil as the comliinatioii iloes. The expres-sion 
“ equivalent lens ’’ is at times also n.scd to denote a 
single lens of the same focal length .as a combination 
of lenses. 


position; hence a beam from It lanten^'^biii^ wett)4' - 
otherwise produce an inverted im§ge on tjie^^joraaa, '.^ 
can be caused to produce an ^ct imifi^. TfaiS'. ‘ 
device is much used when an erect image is requiftid 
of an object which cannot be placed in an inverted . 
position in the lantern. i', ■*" 

Ereeti^ Shop {Bng.) The department an 
engineering works where the component parwi of > 
machines are put together. It usually contains no 
machine tools, but has a travelling crane for moving 
heavy work, and small hand tooLs used in tbe finid'. 
fitting together of the separate parts of the work. '( 

Erg {Plnjs.) ITic unit of work in the centimetre- 
gram-sccond system : the amount of work done when 
a force of 1 dyne is overcome through a distance of 
1 centimetre. 

Ergot {Botany). Clavicept purpu-rea, a fnngbs 
parasitic upon the grain of cereals, especially rye. 
The fungus absorbs the tissues of tlie ovary or young. % 
grain, and then forms a compact violet mass terii(*d 
a ScLEiiOTiUM, or, in pharmacy, Ebgot. 

Erica {Botany). The “ heaths ” form a genus of the 
Bricacfa. E. oooparia,oufxoPwo of the South of France, 
has a stout rootstock used for making briar ” wood ’ 
(^Bbuvkee Wood) pipes. 

Ericaceae {Botany). An order of dicotyledons of 
widchjiread distribution. Their iiabit ranges from 
small woofly jilauts to .shrubs and trees. Well known 
genera arc the Hkaths {soe Ebica), AKBUTUS, and 
liHODODENDBON. 

Eriodendron {Botany). The silk cotton tree {E. 
anfraatuos'. m) belongs to the order Botnbaoaoea : it 
is a native of tropical America. The silky hairs sia<t 
rounding the seeds are used as stuffing for cushions. 


Equivalent Points of a Lens {Light). See 
PBTNOirAo Points. 


Erased {Her.) When a charge i.s left with rough 
or jaggv'd edges (three in number) as if violently 
tom off. If trees are shown thus l.ho term is 
■eradicated. It is the converse of Couphu. 


Erbium {Min.) Poes not occur native. It 
exists in combination in the following mincral.s:— 
Pouble salts; Fergusonitc, Fluocerile, Kuxenite, Poly- 
crase, Yttrotantalite, Nohlite, and Cyitolite. Fluoride: 
Yttrocerite. iiiobatc: Sipylite. riiospliates : Ilhab- 
doplianite, Scovillite. Silicate : Cenosite, Eucrasite. 

Erechtheom. A famous Ionic temple dedicated 
to Athena Pslias, the guardian of the city of Athena. 
It was situate on the Acropolis, to the nort.h of the 
Parthenon, and was remarkable for its architectural 
variety, one of the most notable features being the 
Porch of Caiyatids. Portions of the sculptures 
wliich decorated the structure now form part of the 
Elgin marbles in the British Museum. 


A glass prism, usually 


Erecting Prism {Light). 
having one angle of 
90“ and two of 4.')“. 

If parallel rays he 
incident on one face 
at A and D, they are 
refracted to B and 
X, where they under¬ 
go total internal re¬ 
flection, emerging at 
■c and V, The ray which was originally lowest 
follows the jtath abo, and emerges in the uppermost 



Eriophorum {Botany). The cotton sedge, order, 
Cyi>eriiee(e{Mo}iOPotyledones) has a perianth of bristles 
jiround till; female flowers. These hairs are used as 
a stuftiug for cusiiions, etc. 

Ermine {Her.) (I) A tincture representing white 
fur witli black spots. The spots take various con¬ 
ventional forms, typical of the black tail end of the 
ermine. (2) The animal itself. 

- {Zool.) The ermine {Mustela erminea; 

fam. Muetrlido') is the stoat in its w'inter fur; 
the fur in summer is reddish brown. It is closely 
allied to tlie weasel. The wliitc fur which forms 
the ermine of commerce is chiefly obtained from 
Alaska. Tlie black tips of the tails of the animals 
arc arranged on the skins at intervals for effect. 
Formerly portions of the tails of black lambs were 
used instead. The fur is used in this country 
mure especially as trimming on the robes of judges 
and peers. 

Ermines {Her.) A tincture representing fur 
similar to ermine, but reversed; viz. white sixjts on 
black fur. 

Erminois {.Her.) A variation of the fur, i.e. on a 
field “ or," spots “ sable.” The reverse of erminois is 
called Bean; viz. a field “sable” with spots “or.” 

Eros, Asteroid {Astron.) The name given to a 
minor plauet discovered in 1898. It is the mc^t 
important of this class of bodies, as it comes so close 
to the earth at times that it affonls the most precise 
means of determining the solar parallax, from wbieh 
the distance of tbe sun is deduced. 









BroBlon (Geol.') A term applied to^y one of the 
natural processes by whioh rocks of any kind are 
wasted away. Tbis incudes chemical erosion, as 
well as the waste effected by prolonged exposure to 
the action of glaciers, rain^ rivers, frost, blowing sand, 
the waves of the sea, etc. 

Erratics {Geol.') A term now restricted to rock 
fingenents of any dimensions, which have been trans* 
ported from their native locality to another part by 
the action of moving ice. The term IIouldeb is 
nearly or quite synonymous in geological termino¬ 
logy with the terra Erratic.. 
jError of a Chronometer. The amount by which 
itnls wrong when it indicates noon (Oh, Om. Os.) If 
the clock is slow, the error is reckoned positive; if 
fast, negative. 

Eimbesclte {Min.) A sulphide of iron and copper, 
SCu./!,. Fe„Sj. Copjter = 60 to 71, iron = 6‘5 to 18, sul¬ 
phur >=: 21'.5' to 28 per cent. Cubic, more often massive; 
colour reddish; metallic, but when exposed it rapidly 
tarnishes. When in quantity it constitutes a valu¬ 
able ore of copper. From Central and South 
America in quantity; also found in Comwsjill, Tus¬ 
cany, Germany, Norway, and the United States. 

Eruptiire Rocks Tliose rocks which have 

consolidated from a molten condition. They are 
usually c]a.ssitie<l as Plutonic, Tbappban, and 
VohCASio Rocks (^.v.) 

Erynginiw {Jiotany). Our native species grows on 
the sea shore, and is known as Sea Holly (order, 
Umibelliferee). A tropical species yields valuable 
fibre. See Caeaouata. 

Erythrina {Botany). A small Indian tree {Ery- 
thrina indica ; order, LegnminouB) cultivated as a 
sopport for the pepper plant, aud also as a shade for 
c^ilee shrubs. E. vvibrosa, a taller tree, is used in 
South America to protect cocoa plantations. 
t Brythrine (Min.) A hydrous arseniate of cobalt, 
Co^e.Pg . SIljO. 0.vide of cohalt — 37-5, arsenic acid 
= 38’6, water = 24-0 per cent. Nickel may replace 
some of the cobalt. Monosymmctric; more often it 
occurs as a powdery incrustation of a crimson red 
colour. Cornwall, Alston Moor, Saxony, Bohemia, 
Norway, France, Missouri, etc. 

Erythritol or Epythrite ( C^em.) CIIjOTI. (Oil 
OH)*. CH,OH. Wldte solid, crystallising in prisms ; 
is optically inactive; has a sweet taste; is very 
soluble in water; melts at 12()°. Its behaviour is 
that of a tetrahydric alcohol. It occurs free in Preto- 
eoecus vulyarit, and combined with orsellinic acid in 
many lichens and in some algie. It may be obtained 
from lichens by saponification with milk of lime, ont 
of contact with air. By cautions oxidation with 
dilute nitric acid it yields the aldehyde Ebythbose, 
CH..0H(CH01I),CH0. Its nitrate is used in 
mcfdidne in Bright’s disease. 

Epythposin or lodeosin {Chem.) Has the same 
formula ,08 Eosin (q.v.), except that the bromine of 
the latter is replaced by iodine. Soluble in water, 
giving red solution.^, which do not fluoresce. It dyes 
wool and silk a bluish red colour. It may be obtained 
in a similar manner to eosin, using iodine in place 
of bromine. The free acid may be used in moist ether 
eolation in titrating very dilute normal solutions 
(down to when all other indicators fail; it 

can also be used in titrating alkaloids. It is employed 
in orthochromatising gelatine plates ; but since the 
shade of the dye is bluer, the position of maximum 
sen^sing action lies nearer the j> line in the 
spectrum. See al$o Pyjus akd PmiNa. 


Bvyihn>syIUB(Ncto»y). Order, 

A tropical ijnerioau genus and order, i The 
known Coca tree is A member of this genus. 3». 
Coca. 

♦ • 

Esoallop {Her.) A single shell of a bivalve- 
mollusc belonging to the pecten genus. Its serrated 
edge is its characteristic feature. Pilgrims broughi^ 
these shells back with them from the shrine of St. 
James at Compostello; thus the escallop became the 
badge of a pilgrim or palmer. 

Escapement ( Watches and Clooki). That pari of 
a watch or clock that checks the advance of the going 
train, and at intermittent intervals allows the energy 
of the motive power to “escape” to the balance or 
pendulum. See Ciironomictmb, Cylindbb, DBi3> 
Beat, Detent, Duplex, GKAviTYjliBVEB, Pallets, 
Recoil. 

Escarpment ( Genl.) The more or less steep outer 
edge formed by an inclinwi bed of rock which is of 
a more durable nature than the ))<e 1 above it aud that 
below. For example, the English Chalk, wliich is 
more durable, on the whole, than the overlying 
Tertiary strata or than the underlying Gault, fonns 
an escarpment around the lamlward margin of the 
Weald, and ahso across England from Dorsetshire to 
Yoikshire. In like manner the more durable bods of 
the Jurassic Bocks form escarpments fur a similar 
reason. 

EseaFtele {Her.) A dividing line which has a , 

square notch in the centre_ j | _ ; rarely 

used in English heraldry. - 

Eschallot {Botany). A well known vegetable 
{Allium aseahmieum; order, Liliaeea) introduced 
from Palestine. ^ 

Escutcheon (Her.) The shield upon which arms 
are depicted, and sometimes used in a wider sense to 
denote the wliole coat-of-arms, crest, motto, sup¬ 
porters, etc. 

Eskcp (tJ'eof.) Glaciai Action. 

Espa^olette {Build.) A fastening used with 
Fn'tich ca.'.emeiit windows or sash doors. It consists 
of an upright metal rod, which is fixed on the meet¬ 
ing style of one lo.if of the casement; the rod on 
being turned by a handle operates two hooks, which 
form the terminations of the rod, causing them to 
catch in plates or staples fixed to receive them. 
Tliere arc many varieties of this tyiie of fastener, 
some forms being reeded, and shooting into sockets» 
at the top and bottom. 

Esparto Grass {Botany). A North African grass 
{Stlpa, tcnacisxima; order, Oramimm) used In the 
making of cordage, mats, baskets, and especially . 
paper. * 

EspressiTO {Music). Expressively. 

Essential Oils. The more volatile oils, as distin¬ 
guished from tlie less volatile or Fixed Oils. See- 
also Otia. 

Essonite {Min.) A synonym lor CineamoN STOlis 
(q.v.) 

Essorant {Her.) Describes the attitude of a bird 
with wings spread as if flying; also termed VoleNt 
or SOABINO. 

Establishment ( Typog.) A term applied to work¬ 
men who are employed at a fixed weekly wage, and. 
who are then said to be " stab bands.'* 
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Biter {-Chem.) A compound of an alcohol with an 
acid; e.g. alcohol, Gj^gOH, unites with' acetic acid,'' 
OHjOOOH,'with elimination of-water, forming ethyl 
acetate, CHjOOOC^j, which is also called acetic ethyl 
ester. A general method of preparing esters is to 
mix the alcohol and acid together, and act upon the 
mixtnie with a dehydrating agent such as sulphuric 
acid, or hydrochloric acid gas, or zinc chloride. 

Estete (fiTsr.) A foreign term similar to de¬ 
capitated or decollated, i.e. having the head cut off, 
and used chiefly of birds and animals. 

Etssrio (Bntany). An aggregation of fruits (drupes, 
achencs, follicles) derived fiom a single flower, 
tf.y. the mulberry and strawberry. 

Etching. See Enokavino and Etching. 

- Mamtfac.y Corrosion of the surface 

of glass by hydrofluoric acid. See Glass Manu- 
TACTUBB. 

Etesian Winds Winds of Southern Europe 

caused by the indmnght of the cooler air of the 
Mediterranean, to rdfilace the heated air which rises 
from the hot sandy desert of the Sahara. 

Ethane or Dimethyl (Chem.') CH,. OH,. A 
colourless, odourless gas, nearly insoluble in water, 
considerably more soluble in alcohol; liquefied at 
9li°C. under ordinary atmospheric i)rcssure. Obtained 
by any o£ the methods used for the preparation of 
paraffins (y.r*.) 

Ethene {Chem.') Another name for Ethtlenb 

Ether ( (hem.) (1) A general name for compounds 
of the type It —0 —R', where R and R’ are alkyl 
radicals which may bo the same or different. (2) 
Sometimes used to designate Kstbus or ethereal 
salts; c.(j, acetic ether, nitric ether, etc.., are old 
names soinctiines used for etliyl acetate, ethyl 
nitrate, etc. (:t) Okdinaky Etheb is UiiiTiiYL 
Etiibb, (C jllfJ/). A mobile liquid with characteristic 
smell; sj». gr. 0-73t5; boils at 35“; extremely in¬ 
flammable, burning with bright flame. Its vapour 
forms an explosive mixture w'ith air, and when inhaled 
produces uncon.se.iousnc'-s; hence its use in surgical 
operations. It dissolves in 10 parts of water, and is 
a valuable solvent for orgaiiic substances, such as 
fats and oils. Its chief reactions are : With strong 
sulphuric acid it yields cth\l hydrogen sulphate; 
with hydriodic acid it yields ethyl iodide; with ozone 
it forms a peroxide. Et her is made by mixing alcohol 
and sulphuric acid, forming ethyl hydrogen sulphate, 
and heating the mixture to H0“. If now alcohol bo 
atldod gradually, the formation of ether is continuous, 
C^HjIlSO, + cJHsOH = (C.,Tl 4 ),p + lljSO,. The above 
is called Williamson’s continuous etherification yiro- 
ce.ss. On the large scale, benzene sulplionic acid is 
now much used in place of sulphuric acid. 

- {Phyit.) The invisible medium, assumed to 

All all space, by means of which heat, light, and 
electric waves are pro]»agated. It is not possible to 
say wliether this ether consists of matter in the 
chemical sense of the word, but it must possess 
density and elasticity. . 

Ethereal Salts ( Chem.) The same as Esters (q.v.) 
Bo called ^cause they may bo regarded as ethers in 
which one alkvl group is replaced by an acid group, 

duier. Ethjl Acetate. 

Ethine ich«m.) Another name fet Aobtylbnb 

{q.v.) 


Ethosides {Chem.) See Ethylatss. 

Ethyl {Chem.) The name g^ven to the group 
CjHg. It only exists in combination, • ; 


Ethyl Acetate, AeetloEtheF(f%m.) CHgCOOCJ^ 
A colourless fruity smelling liquid; boils at 77". ft 
is hydrolysed by water slowly, much more quickly 
by dilute alkalis and acids, CHjCOOCjHj + H,0 *■ 
CHjOOOH + CjHjOH. Used to some extent as a 
flavouring agent. With sodium it gives sodiuia 
ethyl acetoacetate. With ammonia it forms acetamide. 
It is prepared by mixing alcohol and sulphuric add, 
adding anhydrous sodium acetate, allowing .to 
stand, and then distilling off the ethyl acetate; orlh 
a similar manner from alcohol, acetic acid, and 
sulphuric acid; also by the action of acetyl chloride 
or acetic anhvdride on alcohol, CH,C0C1 + CJIgOH 
= CI1,C00C,H4 + HCl. 


Ethyl Acetoacetate CHjCO. CH,COOCgHj. 

A pleasant smelling liquid, boils at 181°. It is one 
of the most important synthetic reagents in organic 
chemistry. It is prepared by acting upon ethyl 
acetate with sodium, distilling off excess of the 
former, acidifying with acetic acid, separating and 
fractionally distilling the liquid which floats on top 
after acidifying. It reacts in two ways: (1) as 
if it has tlje formula given above; ( 2 ) as if it 
has the formula GIIjC. OH = CII ,C00C,H,. See 
Tagtomerism. Trobably it is a mixture of much 
of the former with a little of the latter. Treated 
with sodium it yields sodium ethyl acetoacetate, 
CHjCO, CHNaCOOC., 113 , and this product with an 
alkyl iodide (RI) gives CHjCO. CHR, COOaili. The 
latter with sodium and an alkyl iodide (RI) yields 
the compound GH,CO.CKR'COOC^Hs. These alkyl 
substituted aoetoacetic esters yield Ketones of thef 
form ClIjOO. CHER* when treated with dilute! 
alcoholic ]>otash, and Acids of the form CIIRR* 
COOC 3 H 5 when treated with strong alcoholic potash ; 
e.ff. act upon ethyl acetoacetate with sodium and 
ethyl iodide, and obtain CH.CO.CHCJIsCOOCjns; 
treat with strong potash and obtain Butyric acid, 
CgHj ,GHj. COOH. With phenylbydrazinc (li-N. NHC, 

CHjC = CH . COOCjHj 
Hj) acetoacetic ester gives ( , 

NH. 

and this compound (/S-phenylhydrazidocrotonic acid) 
with jHjtash yields 1 :3 iffienylmethylpyrazolone. 


H.C.G CO 
CH 


, a compound which yields Anti- 


PYBINB {q.r.) on treatment with methyl iodide. 
With urea we have a similar action to that of 
phenylhydrazine, and on treating the product with 
potash we obtain Methyl Uracil, a starting poin^ 
for the synthesis of Uric Acid. 

CH,c = CH . coog.,H 5 cn, . G = CH - CO 

I I .1 

NH . CO . NH, HN - CO - NH 

Mvthjl GiacU. 


Ethyl Alcohol (f7^m,) CjEjOH. iSse Alcohol. 

Ethylaminei {Chem.) When ethyl iodide is 
heated with alcoholic “ ammonia " in so^ed tubes the 
following substances arc obtained' NHjCjHj.HI, 
othylamine hydriodide ; Nn(CjHj)jI£I, dietbylamine 
hydriodide; N(CgHj).,III, Iricthylainine hydriodide; 
N(CjHj),l, tetraethylammonium iodide; NH.l, am¬ 
monium iodide. If this mixture is distilled witn caus¬ 
tic potash, ammonia, ethylamin^ diethyl- 

amine, (C 2 Hg)^H, and trietbyhunine, 


U 
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ethyl diethyloxamatc, 


pass over, and on leading them into a tabe immersed 
in a freezing miztare, the ammonia alone escapes oon* 
densatiom In the Stilling flask the hydriodic acid 
has combined with the potash to form potassium 
iodide, and the tetraethylammonium iodide remains 
behind with the potassium iodide. The three amines 
which have cUstiUed over are now acted upon with 

COOCA 

ethyloxalate, I , when the primary amine 

COOC,H. 
riONHGjHj 

forms I , diethyloxamide, the secondary 

CONHC»Hj 

CON(C,Hs), 
amine forms | 

cooaH, 

while the Tbibthylamikb remains unchanged, and 
may be distilled off. The diethyloxamide is a solid, 
and the ethyl diethyloxamate is a liquid, so that 
these may be separated by filtration. Each may 
now be distilled separately with caustic potash, 
giving respectively ETnYLAMiNK and Diethyl- 
AMINE. Ethyuimine is a liquid which boils at 18°. 
Besides the above method of preparation, it is also 
obtained when methyl cyanide is reduced by hydro¬ 
gen, also when nitroethane is reduced by hydrogen, 
and when propionamidc is acted upon by 
bromine and caustic potash. With nitrous acid it 
yields ethyl alcohol. In other respects it resembles 
ammonia very closely indeed. See aUu Diethyl- 
amine and Tbiethylamine. 


Ethylates or Bthoxides ( Chem..) Compounds pro¬ 
duced by replacing the liydroxyl hydrogen in ethyl 
alcohol by metals; e.g. when sodium i.s thrown upon 
alcohol, we have the reaction CjHjOII + Na = 
CjH^ONa + H. CjlljONa is sodium ethylate or 
sodium ethoxide. If the excess of alcohol be dis¬ 
tilled off, it remains as a white crystalline solid, 
which is decomposed by water: C,ll 40 Na + IljO = 
NaOH + CjHjOH. 

Btihyl Benzoate Cgn^COOCjHs. A colour¬ 

less liquid with smell like pears; boils at 211° 
Prepared by saturating a solution of benzoic acid in 
alcohol with dry hydrochloric acid gas, allowing to 
stand, and pouring into water, when the ester 
separates. May also L>e obtained by the Baumann- 
ScHOTTBN Reaction (g'.u.) 

Ethyl Bromide' {Chem,.') CjHjBr. A sweet 
smelling, colourless liquid; boils at 39°; insoluble 
in water. Obtained by dropping bromine upon 
amorphous phosphorus and alcohol, blowing to stand, 
and distilling. It is an important reagent in organic 
chemistry. 

Ethyl Chloride {Chem.) CjlTjCl. A colourless, 
sweet smelling liquid; boils at J2’’. Obtained by 
passing dry hydrochloric acid gas into alcohol con¬ 
taining zinc chloride, the latter serving to take np 
water,; also obtained as a by-product in the manu- 
factnre of chloral. Used as a local ansesthetic, it 
freezes the part to which it is applied. 

Btiiylene JLleohol iChem.') Another name for 
Ethylene Glycol {q.v.) 

Bthylene Ohlorhydrln {Ckem..') See Olefines. 

Bthylene Dibromide, Ethylene Bromide {Chem.') 

CHjBr 

A colourless, sweet smelling liquid, boiling at 131°. 

^ It is obtained by passii^ ethylene into bromine. 


Heated with alooholic caustic potash, it 3 rields, accord* 
ing to the amount .of pota^ 'VnnrLBBOMlDM or 
Aoetylbne. 


See 


CH^r 

CH, 

1 + KOH « 

II 

CH^Br 

CHBr 

CH,Br 

CH 

1 •f2K0H = 

Jl 

CHjBr 

CH 


also Glycols. 


+ HBr + HfO 
+ 2KBr + 2HjO 


Ethylene Glycol (Ckem.') See Qnreoua. 

Bthylene, Olefiant Gas (Chem.) C,H,. A colour^ 
less gas; faint sweetish smell; nearly insoluble in 
water; boils at — 1G9° under ordinary atmospheric 
pressure. It burn.s with a bright flame, and with the 
proper proportion of oxygen (3 vols.) or of air (16 
vols.) it forms an explosive mixture. Chlorine unites 
with it volume for volume, forming EthylENE 
Chlobide, CjH,C1j (Dutch liquid). Bromine does the 
same; excess of chlorine in bright sunlight gives 
carbon and hydrochloric acid ga^For other reactions 
see Olefines. It occurs in coal g.a8 (about 6 per 
cent.), being the jirincijjal illuminant in it.* It may 
be obtained synthetically by reducing copper acetyl- 
ide (see Acetylene) with zinc and ammonia, or in 
quantity by heating alcohol with sulphuric acid, or 
ethyl bromide witli alcoholic caustic potash. See 
OLKFINEiS. 


Ethylene Series (Chem..) See Olefines 

Ethyl Ether (Cliem.) See Etheb. 

Ethyl Formate ( Chem.) IT. COtXJjHj. A pleasant 
smelling, colourless liquid; boils at 64°. Obtained by 
heating glycerine, oxalic ac id, and alcwhol together 
in flask with reflux euudenser; then the mixture Is 
di.“tiHed. It occurs in rum, and is used in the pre¬ 
paration of artificial rum. It is easily hydrolysed. 
With zinc alkyls it gives becondaby Alcohols, 

Ethylidene ( (’hem.) A name given to the divalent 
group Cllj.OH=. Thus is ethylidene 

chloride, a liquid obtained by the action of phos¬ 
phorus peutachloride on aldehyde. 

Ethyl Iodide ( Chem.) CjTlJ, A colourless, sweet 
smelling liquid; boils at 72 . Insoluble in water; 
turns brown on exposure to light, owing to liberation 
of iodine. Obtained by gradually adding iodine to 
atnorphon.s phosphorus and alcohol, allowing to 
stand, and distilling. It is a very important reagent 
in organic chemistry. 

Ethyl Nitrate (t%m.) CjHsKO,, Colourless liquid; 
boils at 8fi°; it explodes wlien rapidly heated to a 
high temperature ; burns with a bright white flame. 
Prepared by distilling a mixture of alcohol and nitric 
acid to which urea has been added to destroy uitrous 
acid. With tin and hydrochloric acid it yields 
hydroxylamine. 

Ethyl Nitrite (Chem.) A yellowish 

liquid, smelling of apples; boiis at 16°; very in¬ 
flammable. Prcpiared by the action of sulphuric acid 
upon potassium nitrite and alcohol. It is insoluble 
in water; a solution of the itqpnre nitrite in alcohol 
constitutes Sweet Spibits of Nitbe. 


Ethyl Oxalate {(Jhem.) 


OOOC,Hi 




’*“4 


OOOCjH, 

An aromatic smelling liquid ; boils at 186°; does not 
mix with water. Prepared by heating anhydrew 
oxalic acid, alcohol, and sulphuric add together in a 
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flask fitted witli a reflux condenser; then pouring 
into 'Water when the ester separates. With ammonia 
it gires a predpitete of oxamide. See also Etbyl- 
ABIXBB. 

Ethyl Bed (Photo,') This dje has been strongly 
recommended by Dr. Miethe as a colour sensitiser f(jr 
gelatine plates. The abso^tion spectra of its solu¬ 
tion gives two maxima in the yellow green and 
green. 

EtoUe or Eatoile (Her.) A star with generally six 
wavy rays. The mullet is also a star, but with five 
rays, generally plain, not wavy. An estoile may be 
also of ” eight points ”; then the rays alternate wavy 
and plain, 

Etnuoan Yases. See under Vases, Potters 
ANT) Porcelain, and Glass Manukactubk. 

Etal (Cost., etc.) A small case for holding needles, 
bodkin-s toothpicks, etc. Cases of this kind, often 
of precious metal, chased, wore much worn by ladies 
in the sixteenth and seventeenth centuries, hanging 
from the girdle, /.j-ase for pocket instruments. 

Eaoalyptas (Botany). Eucalyptus (a genus of 
the order Jfyrtarefe). The oil of Eucalyptus is 
obtained by distilL-ition of the loaves of E. globulus 
(blue gtmi), while I lie so-c.alled red gum is an exuda¬ 
tion from the bark of E. rostrata. 

Euchlorine (Chem.) A name given by Davy to 
the mixture of chlorine anil chlorine peroxide, ob¬ 
tained by the aition of hydrochloric acid on 
pota.ssium chlorate, under the impres.sion that it was 
a single substance. 

Eadioineter(CA/!m.) An instrument used to bring 
about tlie union of measured volumes of ga.soB witu 
the view of ascertaining the comjjosition of one of 
them or of the prodiict of tludr union. It is a 
straight glass tube, open at one end and closed at 
the other; near the closed end two platinum wires 
are fused into the glass, so that the siiarks from an 
indnetion coil csin be passed in the mixture of gases. 
It has a millimetre .s<«jle etched on the outside of it, 
and the imstrament is calihratcd before being used. 
To UBQ it, the tube is filled with mercury and inverted 
in a vessel of mereury; the gases are then passed in, 
the volume being taken and coireeled for difference 
of pressure after the introduction of each gas. 

Eugenia (Botany). A genus of the Myrtacece, grow¬ 
ing in the tropics. The fruit.s are valuable eitber as 
food or as 8picc.s. See Cloves, Allspice, 

Eugenol, Eugenic Acid (Cliem.) ( 3 ) 

'^011 ( 4 ) 

An oil smelling like cloves; boils at 247° : it reddens 
litmus; gives blue tiolour with ferric chloride. It 
occurs in oil of cloves (85 per cent) and in oil of 
cinnamon. It is obtained from oil of cloves by 
shaking with alcoholic potash : this gives the pota.s- 
sinm salt of eugenol; it is washed witli alcohol and 
decomposed by an acid. 

Enonymns (Botany). The dried bark of the root 
■of the Wahoo tree (ituonymus atropurjjureus ; order, 
Qtlastraoeee) is the source of the drug Euonymin. 
E.japonica is one of our familiar evergreen shrubs. 
E. europtevs is the common Spindle Tbek. 

Eai>horbia (Botany). A genus of Euphorbieweee, 
of varied structure and habit. Many have a cactus- 
like form, but are distinguished by the presence of 
latex (q.v.) The acrid juice has many medidnal 
properties. 


Enphorbiaeess (Botany). A nattual order df 
Biootyledom, having a wide distribution and vaii^ 
of habit. The presence of latex is common in tl» 
order. Many economic plants belong to thb 
biaoete, sneh as Cboton, Manihot, Bevea, CASTOS 
Oil (q.r.) 

Eastaohlan Tabe(-^ofui 7 y). The passage leading 
from the pharynx to the tympanic cavity of the 
middle ear. Its function is to equalise pressure at ^ 
air on either side of the tympanic membrane. 

Enstyle (Arehiteet.) The name given to the 
spacing of the columns in a Grecian temple when 
the space between the columns is equal to two and 
a half limes the lower diameter of the shaft. Sse 
An^EOSTTLE, I’YCNOSTYLB, ST8TYLE, DIAHTYLE, and 
iNTEBCOLLMNIATION. 

Evaporation (Phys.) The process by which a 
liquid changes into a gas or vapour. 

-, Natural (Melcorol.) Water exposed to 

the air evaporates at a rate which depends on the 
lIi'GEOMH'i'Blc State of the air (q.v.) When the 
air is nearly saturated, evaporation is slow; when 
the air is dry, it is rapid. In any given area the 
total amount of evaporation i.s almost always less * 
than tiie rainfall. 

Evaporators (Chem. Eng.) Any form of plant 
for removing moisture. Usually applied to plant 
used foi' concentrating liquids, as. distinguished from 
plant for drying solids. Multiple evaporators are 
generally operated under a vacuum, and may be 
either single, double, or triple Effects (q.v.) 
Vacuum evaporators are chiefly used in the sugar 
indu.«try and the concentration of soap leys in the 
manufacture of glycerine. Their use is also spread¬ 
ing in the chemical trade for concentrating caustic 
solutions, etc. 

Evaporimeter (Met.) An instrument for deter¬ 
mining the amount of water evaporated in free air 
in a given time. Piche’s instrument is simple and 
cffcclive. 

Evection, Lunar (Axtnm.) A term used with 
regard to the motion of the moon, and depending 
on the alternate increase and decrease of the 
eccentricity of tlic moon’s orbit. 

Evening Star (Adron.) A star setting near the 
sun, but ]ust afterwards. 

Even Pitch (Eng.) A screw in which the number 
of threads per inch is equal to that on the leading 
screw of the lathe on which it is cut, or is equfd 
to that number multiplied l)y a whole number. In 
cutting a screw of even pitch, the right position of 
the tool for each fresh cut is readily found without 
turning the change wheels into any definite position. 

Evolute. See Involute. 

Excavation (Eng.) The digging out of earthy 
material (accomplished by hand labour or by 
mechanical means) and its remov.al to a suitable 
position. If the material is removed from under 
water, the operation is termed Dbedqinq. 

Excavator A mechanical digging machine 
irsed in the construction of canals, railway cuttings, 
etc. 

- (CirM Eng.) Machinery for excavating; 

there are two main types, one consisting of an 
endless chain carp^ing iron or steel backets which 
strike the ground in succession, removing a quantity 
of material each time ; the other consisting of one 
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large scoop attached to a long lever; this type is 
usually termed a Stham NAVVY. 

Exeentrlc (-£%.) A modified spelling of Eooisn* 
TBio {q.v.) 

Excitation (^Eleet. Eng,') The magnetising of the 
field magnets of a dynamo or motor by the passage 
of a current through the coils of wire on the limbs 
or cores of the field magnets. The current is either 
obtained from the machine itself in SEijr-ExoiTlNC; 
Dynamos or is supplied from a sepanvte source, in 
Sepaeatbly Excite© Dynamos. &•<? also Dynamo. 

Exergue (^Coins'). The apace on the reverse side of 
a coin or medal which lies below the principal 
device; it sometimes bears a secondary inscription, 
etc. On modern coins the date and engraver’s 
initials generally occupy this position. The term 
is also applied to such imeriptimi, date, etc. 

Exhaust {Cliem. Jtfannfae.') The thorough extrac¬ 
tion of a soluble body from insoluble ones by solvents, 
e.g. oil from seeds, sulphur from spent oxide, etc. 

- (,Eng^ fl) The escape of steam or waste 

gases from an engine cylinder after expansion. ( 2 ) 
• The wa.ste gases themselves. 

— {Phys. etc.') The creation of a more or lcs.s 
perfect vacuum. 

Exhaust Gases (,Eng.) In a steam engine the 
exhau.st gases consi.st of ste.am after it has expanded 
in the cylinder; it is cooler, at n lower pressure, and 
more charged with moisture, or wetter ” than on its 
entrance to the cylinder. In ga.s and oil engines the 
exhaust gases con.sist of the products of combustion, 
together with any unbunit gases remaining after the 
explosion. 

Exhausting Fan (,Eng.) A Fan (i/.r.) mserl for 
pumping air out of any space or chamber. 

Exhanst Lap (Eng.) See Lap and Slide Valve. 

Exhaust Line {Eng.) Jndicatoh Diageam. 

Exhaust Pipe (Eng.) The pipe which conveys the 
waste steam (or other gases) away from the cylinder. 

Exhaust Port (,Eug.) The opening which leads 
the waste gases from the cavity under the slide vahe 
to the exhanst pipe. If the slide valve of an ordinary 
steam engine were removed, this port would Ije seen 
to lie between the two steam port.s. See also STEAM 
Enoinb. 

Exhaust Silencep (_Mntor Car), See Silenceb. 

Exomis (jirchteol.) A vest or short tunic without 
sleeves, worn by Greek and Roman arti.«.ans and 
slaves. It was fastened over the left shoulder, but 
passed under the right arm, leaving tliat arm and 
shoulder uncovered and free. 

Exothepmic Compound (Chem.) A compound in 
the formation of which from its elements heat is 
evolved. The majority of compounds are exothermic. 

Expanding Bit {Cargj., etc.) A boring bit capable 
of cutting holes of various sizes at will. I'hcre is a 
fixed central point which guides the tool, and a cutter 
carried on a radial arm, which can be set at a given 
distance from the axis of the bit. A very useful tool, 
especially when holes are required which differ a little 
from any standard size. 

Expanding Metal (Eng.) Alloys of bismuth, which 
have the projicrty of expanding on solidifying. 

Bxpantion (Eng.) In general, any increase in the 
. dimensions of a l^y; in particular, the increase in 


volume of the steam ^or other gases) in an ennne 
cylinder after the admission of steam has stopped, or 
after firing the charge in the case of a gas engine. 


Expansion (Phys.) Tlie increase in dimensions of 
a body; in particular, the increase in length, area, 
or volume produced in a body by raising its tem¬ 
perature. These three forms of expansion are termed 
Jjineab, Poteeficial, and Cubical Expansion 
respectively. The coeflficient of expansion is the 
increase per unit length, area, or volume of a body 
when heated 1°. If a, p, and 7 represent the co¬ 
efficients of linear, 8 ui)erficial, and cubical expan.sion 
respectively, 7.., a^, Vg the length, area, and volume of 
a body at &, li, at, Vt the values of the .same quantities 
at then we have the following equations: 

I, = 7, (1 + of) 

at =. rtfl (1 + pt) 

Vt = (1 + 7O. 

Also it can be shown that 


S ■■= 2a 

7 3a. 

The values of a (within ordinarja ranges of tempera¬ 
ture) for some eoniinou substances are as follows; 


Brass . ... . -0000189 

Copper .... -(KXXllGC 
Gla.ss .... -000009 
Iron .... -0000112 

The coefficient of cubical expan.sion ( 7 ) is -OOOlS for 
mercury, and very approximately -OOSttG for gases. 


Expansion Curve or Line (Eng.) The part of an 
iNincATOK Diagham which shows the relation of the 
pressure a n<l volume of the si earn, etc., in the cylinder 
during expansion. S-e Indicatou Diagram. 


Ei^ansion Engine (Eng.) Any engine using 
pansiun in the cjiiiiiler. Tliis may be taken to be 
universal in iiiodcra «‘ngines. 

Expansion Gear (Eng.) The devices used to regu¬ 
late tlie amount of expansion of steam in a cylinder; 
e.g. Link SIotion, Corlibss Geae (q.v.) 

Expansion Joint (Eng.) A fo:m of joint in piires, 
e.te., which allows a certain degree of movement, in 
consequence of longitudinal t;X])an&ion, without break¬ 
ing the joint. Various devices are u.sed : a sliding 
.socket joint, or a (jorrngatcdiioop, or pair of plates, or 
sojiietimes a simple bight or bond inserted between 
two straight lengths of pipe. 

Expansion Rollers (Eng.) Rollers on which one 
end of a long girder rests in order to allow of the 
movement necessary during expansion and contrac¬ 
tion, as the temperature ehangc.s, without disturbing 
the structure of which the girder forms a part. 

Expansion Tank (Ejig.) The cistern into which 
hot water pipes used for heating are fitted. It pro¬ 
vides sufficient cajjacity to allow for the increase in. 
volume of the water as the temperature rises. 

Expansion Yalve (Eng.) A valve which controls 
the Cut Off (q.v.) of an engine; it is usually a 
separate slide valve, which stops the admission of 
steam to the main slide valve. 

Expansive Working (Eng.) The use of Exfan. 
SION in au engine; now practically universal. 

Explosion. In general, the sudden combustion of 
any violently inflammable substance. 

- (Eng.) (1) The destruction of a boiler by the 

pressure of the steam becoming too high. ( 2 ) The 
Ftbing of the Chaboe in a gas engine. See 
Ignition. 
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Enloiioil Ohambw (.^ng.) The part of the 
oylinuer of a gas engine in which the compressed 
charge is ignitra. 

Explosion Engines. ShsOAsEKaiKSBon^f PbtboIi 
Enqihbb. 

Explosion Wave. See Bzflosites. 

ExploslTOS. Substances which can be made to 
undergo chemical change with great rapidity; the 
change is accompanied by the development of a 
large amount of heat, and the products of the change 
occupy a very much larger volume than that of the 
explosive itself. To learn something of the struc¬ 
tural conditions of an explosive, consider ozone; it 



ordinary oxygen contains two oxygen atoms united 
thus, 0 = 0. Ozone is unstable, being formed from 
oxygen, which is very stable, with absorption of heat. 
When ozone reverts to oxygen its heat of formation 
is set free, and we imve an increase of volume, two 
volumesB of ozone yielding three volumes of oxygen. 
But ozone under ordinary conditions is not an ex¬ 
plosive ; it is not possible to obtain gaseous ozone fice 
from admixture with Lorge volumes of oxygen, so that 
the change to oxj'gen is slow, the heat developed is 
feeble, and the clixingc of volume small. With 
liquid ozone the case is dillerent: it can be decom- 
po.scd by shook, and the decomposition is rapid, the 
heat development considerable, and the change of 
volume from liquid ozone to gaeeouit oxygen is very 
great; it is an explosive. The union of nitrogen with 
oxygen is the basis of all practically apirlicd cxjih 
♦ .^ 0 \ 
sives. The oxides of nitrogen ( I >0, N—O, ), 

' 0 / 

though they are endothermic compounds {q.r,\ are 
not explo.sives. But when tliis union of oxygen with 
nitrogen occurs in certain .solid and liquid compounds, 
we have powerful cxplo.sivcs. Nitbates contain 

the group ~0—examples of explosives 

containing this group are gunpowder {q.v.\ nitro¬ 
glycerine {q.v,), and guncotton (y.r.). and combina¬ 
tions containing them, such as CoiiDiTE. See DYNA¬ 
MITE, Blasting Geiatine. Nitro Compounds 

contain the group — : examples of explosives 

containing this group are the j)icric acid {q.r.) 
explosives (such as Lyddite anti Melinite) and 
Fulminating Mercury. T.he power of these ex¬ 
plosives is due to the facts (1) that on lliing a 
large volume of gas is produced, (2) that strongly 
exothermic compfjunds are produced. Thus in the 
case of gnnpowrlor, carbon dioxide and nitrogen 
are produced, and much heat is dcvelojicd in the 
formation of potassium sulphide, carbon dioxide, 
and nitrogen. The reaction speed of a mechanical 
mixture such as gunpowder is not so great as that 
of a definite compound, such as nitroglycerine, 
guncotton, or picric acid; hence its disruptive 
effects are not so great—it is rathisr suited for the 
propulsion of projectiles. On firing an explosive 
sneh as mercury fulminate, the sadden pressure 
developed gives rise to what is known as an Explo¬ 
sion Wave, which in this case is propagated at a 
speed of about 1,600 metres per second. This explo¬ 
sion wave propagated in the neighbourhood of endo¬ 
thermic compounds such as acetylene or cyanogen is 
sufficient to explode them. 


Ei^OBore {Photo,') The act of exposing ox allowii^ 
the light to act upon a sensitive plate, etc.; also the 
time daring which the light is allowed to act. 

Eztepnal Chapacteristio {Plect. Eng.) The curiw 
showing the relation of the current flowing through 
the external circuit to which a dynamo is connect^ 
and the potential difference between the terminals. 
See Dynamo. 

External Firing {Eng.) Heating a boiler by a 
firebox entirely outside the boiler itself, instead of 
in a flue or an internal firebox. The method is 
confined to early types, and is now rarely used. 

External Screw or Thread {Eng.) An ordinary 
screw cut on a cylindrical surface. Also termed a 
Male Screw or Male Thread. 

Extincteur (Chem.) An instrument used to ex¬ 
tinguish small fires. It consists of a metal case 
containing carbon dioxide under pressure, generated 
in the vessel itself by the action of dilute sulphuric 
acid on sodium carbonate, and it allows of a jet of 
the gas being directed upon the fire. 

Extraction of Oils. A method of obtaining oils 
by means of highly volatile solvents, such as benzene, 
carbon bisulphide, benzol, snlphuric ether, etc., which 
rapidly dissolve the fats contained in the seed meal 
and are afterward driven off completely by distil¬ 
lation, leaving the oil intact. The solvent is almost 
wholly rei overed for further use. 

Extractors ( Chem. Eng.) Apparatus for the ex¬ 
traction of fats, oil.s, etc., by solvents (such as benzol 
carbon bisulphide, etc.), which are recovered by 
distillation and condensation. 

Extrados (Build.) The upper curved side of an 
arch. >^-e .4hch. 

Extraordinary Ray {Light). See Double Rb- 

PBACTIOS. 

Extras {Typog.) Charges involved in composition 
in addition to llic fixed price per page of text, such 
as for setting in foreign languages, tabular work, 
headings, etc. 

Extra Weft {Woollen Manufae.) A special colour 
of weft yarn applied to the fabric, distinct from the 
ordinary or ground weft. 

Eye {Eng.) A loop at the end of a rod or bolt. 

- {Joiiurg, etc.) The centre of a scroll. 

-;■ {mining). The top of a shaft- 

Eye of a Furnace ( Manufae.) The recess 
containing fnel in the middle of the bed of a furnace, 
at the bottom of which are placed the fire bars or 
grating. 

- {Met.) The bright red spot in the hearth of 

a blast furnace seen through the nose of a tuyere by 
means of the mica-fa<',ed sight hole placed on the 
angle of the elbow connecting the blast main with 
the tuyfcre. 

Eyepiece {Phyg., etc.) Portion of the eye end of 
a telescope, microscope, etc. Sometimes toown as 
an “ Ocular.” 

Eyepiece Micrometer. See Micrometer Etr- 

PIECE. 

F {Chem.) The symbol for FLUORINE {q.v.) 

- {Mutie). The fourth note of the scale of C. 

f. {Music). Abbreviation for “forte” ; loud. 



7A 


214 


jPAL 


Wm The Bol-fo syllable for F. 

Fftbrikoiia (Dec.) See Oanvas Wall CoTSBOras. 

Fa 9 ade (Jre?titeet.) An external face of a bnild* 
ing; generally used to denote the principal external 
face. 

Face (-Eng.) The principal or most important 
miri'ace of an object, e.g. the graduated surface of a 
dial. 

— (JIfia.) An individual plane of a ciyatallo- 
gpaphic form. See alto Systems of Cbystals. 

Face Chuck iEng.') A ilat disc shaped chuck 
famished with bolt holes and slots. Work can be 
fixed to the chuck by means of bolts passed through 
these holes. 

Face Lathe (Eng.') A lathe which can take in a 
piece of work of ve^ large diameter, but not of great 
length: used for taming large discs, wheels, arma¬ 
tures or field magnets of dynamos, etc. 

Face Plate See Face Chuck. 

Face Plate Coupling (.Eng.) A Coupling (g.v.) 
consisting of two castings with flat flanges, by means 
of which two shafts can be connected by bolts. 

Face Bide (Join.) The first surface of a piece of 
wood which is trued up. A mark is put on to dis¬ 
tinguish it from the other sides. 

Facet. (1) One of the faces of a gem where it 
has been cut and polished by a lapidary. (2) One 
of the faces of a natural or artificial body that has 
a series of such faces. 

Facing (Eng^ A raised surface or projection on .a 
casting, to which some additional part is to be fitted. 
This raised surface is much mure easily niachincri, 
filed, etc., than a portion of the main general surface 
would be, and hence adds to the convenience «f 
manufactare, 

Faoinil Bar ot Work Bar (Lace Munv/ac.) A 
smooth iron plate about 4 in. svide and the full 
width of the lace machine, over which the web of 
lace travels on its way to the roller. 

Facing Paviorc (Build.) Hard burnt malms 
of good colour and shape. Used for superior walls. 
See BBiCKa 

Facings (Build.) (1) The best bricks, picked for 
the face of the work. (2) The stone dressings to door 
and window openings. 

Facing Sand (Foundry). Sand mixed with coal 
or charcoal dust, used for covering the surfaces of 
a mould which arc exposed to the molten metal. A 
thick coat of this sand prevents the formation of a 
skin of silicious matter on the casting. 

Factor of Safety (Eng., etc.) In any structure 
the load which would break it down is several times 
as great as the safe lomi; the ratio of the Breaking 
Lo^ to the Working Ixuid is termed the Factoh of 
Safety. 

Faoula (Aetron.) Bright portions on the solar 
disc which can generally be seen in the region of 
the spots, especially when near the limb of the sun. 

Faenxa Ware (Pot.) A distinctive term given to 
a fine sort of pottery originally made at Faenza near 
Bologna, in Italy. The majolica produced there was 
very beautiful; the plates (called “ tondini") have 
wide rims and deep centres, and are adorned with 
arabesques and biblioal and classical scenes. 


Fagot (Met.) A bundle of bars of wrought iron 
which are welded up into a solid mass; this Is after¬ 
wards hammered and rolled out into a new bar. By 
this means the fibre, or grain of the iron can be 
arranged to run in any required direction, and greatly 
increased strength is obtainable. 

Fagoting (Met.) The process of welding up a 
Faoot (q.v.) 

Fah (Mveic). Fourth degree of scale in “ Mova¬ 
ble Doll ” system. 

Fahlerz (Min.) A synonym for Thteahbpeite 

(ff.n.) 

Fahrenheit’s Beale (Heat), The scale in which 
the freezing point of pure water is marked H2°, and 
tiie boiling point 212''. The zero—32® below the 
Freezing Point—was based on an imperfect experi¬ 
ment, making the scale very inconvenient. It is now 
superseded for scientific purposes by the Centigiade 
Scale. 

Faience, Faience, Fayenoe, or Fayanoe (Pot.) 
The old French term, under v^icli were comprisea 
all de.scriptions of glazed eartuenware, inclusive of 
porcelain, and to a cerbiin extent this continues so, 
corresponding in its general use to the English word 
“ crockery ” (A/aTvyal). Any pottery not transparent 
is generally termed “ Faience.” See also Majolica. 

Falchion (Arms). A short broad sword, curved, 
and with the outer edge sharpened : used in the 
Middle Ago.s. Later, the name has been applied to a 
sword of any kind. Used as a charge in Heraldry. 

Faldstool. An armless folding ciiair sometimes 
used by bishops. It resembles a camp st.ool, but is 
more elaborate. A movable folding-desk: a Litany 
stool. ft 

Fall (Build.) The inclination of a drain, gutter, 
et>\ 

- (Eng.) (1) Tile slope given to a clianuel 

intended to lany water. (2) Tlie quantity of water 
passing over a i\ eir, mill ra*'e, etc. 

- (Mining). Material accidentally dislodged 

from the roof or sitles of a working. 

Failing Mould (Joinery). In hand-milii^, the 
ilcielopment in elevation of the centre line of 
the mil. 

Fall Tube (Air Pumg/). See Air Pump. 

False (Her.) Another term for Voided— with 
ceulro open. 

False Bedding (Geol.) An inclined arrangement 
of the layers constituting rocks of sedimentary or 
of Eoliau origin, which ha.s resulted from thoir being 
dejiosited by ciirrent.s which have varied much in 
their transijorting power from time to time. The 
most striking and typical exiimples are those pro¬ 
duced by the drifting action of the wind upon saud 
in desert regions or under similar conditions; but 
changeable currents of water often give rise to 
similar phenomemi. The direction of slope of the 
false bedding planes coincides with the direction 
of movement of the transporting agent. 

False Bottom (Eng., ete.) A removable bottom 
placed over the real or fixed bottom of a vessel in 
order to facilitate cleaning or other operattons, or 
to economise the firing in a grate. 

- (CTiem. Eng.) Usually a perforated plate 

which supports the contents of a boiler or kettle, in 
order to leave a space at the bottom of the vessel in 
which condensation products, drainings, etc., may 
collect, out of contact with the contents. It alsc 
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prerents the oholdag of draw-off cocks by the solids 
Ttnder treatment. 

FalM Gove (.MouleUnff). A movable part of a 
mould or core, similar to a drawbaok (q.v.), which 
can be taken oat in order to facilitate the lifting of 
the pattern. 

False Kejr A Kby (j.v.) formed by a 

round pin driven into a hole drilled parallel to the 
axis of a shaft, half of it being in the shaft and half 
in the hub or boss of the wheel which has to be 
Iceyed on. It is much inferior to a key of the usual 
rectangular section. 

False Relation (Jt/uslr). The disagreeable effect 
produced by the close proximity of two oh'brds having 
no relationship and belonging to different keys, but 
having a note in the first chord chromatically altered 
in the second and sounded in a different part. 

Fan {Cuxt.") A small well known instrument for 
moving the air. The use of the fan was common 
amongst Eastern nations as far back as history 
reaches. In early times the fan used out of doors 
served the purjjose of a parasol, and screened the 
face. Folding fans as now generally used were 
introduced in the seventeenth century. 

- iJBng.'y Consists essentially of a set of radial 

blades rotating at a high sj)eed, an<{ enclosed in a 
case which is proviiled with suitable opcnii^s for the 
entrance and exit of air. In fans for producing a 
blast (used for furnaces and forges) the plane of the 
blades is parallel to the axis of Jlie fun, but in fans 
used for cxliamsiing or for ventilating a room by 
sucking or pumping air out, the plane of the blades 
is usually inclined to the axis in a similar manner 
Id the blades of a screw propeller. In the latter 
case the flow of air is pamllel to the axis of the fan : 
in the former it is at right angles to the axis. 

• - (Jfer.) A winnowing basket: notable example 

on the yctv-an.s or Septvans brass. 

Fan Cooling {Motor (Jars). A small fan, worked 
by the ruottn-, is sometimes used to drive a current 
of cool air on to the outside of the cylinder to keep 
it cool, or to draw air through the condenser or 
radiator for the purpose of cooling the water which 
circulates round the cylinder and through the 
radiator. 

Fan Curb Mag.) See Cubb. 

Fancy ( WooVea Manufac.) A roller in the card¬ 
ing machine, also termed “ fly,” for brushing up the 
wool on to the surface of the clothing of the main 
cylinder. 

Fang {Btcild.) The portion of iron railings built 
into the wall. 

—— {Mining). A passage for conducting air 
alofig a working. 

Fang Bolt {Mng., eie.) A bolt with pointed teeth 
formea on the nut. Tbo»e teeth sink into wood 
through which the holt passes, ami prevent its rotat¬ 
ing. The bolt itself is turned (like an ordinary 
wood screw) in order to screw it up. 

FanliAt {Joinery). (1) The sash above a door. 
(2) Thelights above the trausum of a solid frame. 

Fan Straotan {(tool.) A term now restricted to 
such arrangements of highly disturbed strata as may 
be likened to the relative position of the leaves in a 
half opened book lying on its back, or to a pack 
of cards which' is ^pped by one edge and opened 
out at the other. Fan stmetare is rarely met with 


exc^t within the cores of what are (1) iiow« or 
(2) formerly were, the inner puts of great mountain 
ranges, such as (1) the Al[» of Switserland, (2) the 
Southern Uplands of Scotland. 

Fan Vaulting {Arohiteot.) A species of vaulting 
peculiar to the Perpendicular style of English gsthie 
architecture. The earlier gothic vaults consisted 
constructional ribs supporting a thin filling, but in 
fan vaulting a return was made to the Roman method 
of vault construction, as the wholo vault was often 
formed of jointed masonry on which the ribs were 
carved. Fan vaulting consists of a series of inverted 



Fan Vaulting. C-LoecsiiTER Catheikbal, circa 1450, 

concave conoids, the semicircular summits of which 
are separate d either by pendants or lozenge-shaped 
panels acting as keystones. The whole was covered 
with an elaborate system of panelling. Fine 
examples can be seen in Henry VII.’s Cliai>el, West¬ 
minster Abbey, and in the cloisters of Gloucester 
Cathedral. See Babbbl Vault, Gboinbd Vault, 
Rib ami Panel Vault, a 7 id Sexpabtitb Vault. 

Farad {Eleot.) The electromagnetic unit of 
caixicity. A condenser has a capacity of 1 farad 
if its potential is raised 1 volt by 1 coulomb of 
electricity. Such a condenser would be of enormous 
size. The practical unit adopted is the one-milliontb 
part of a farad, and is termed a Micbofabad : this 
is about the capacity of 3 nautical miles of submarine 
cable. 

Faraday Effect {P?iys.) The rotation of the plane 
of polarisation of a beam of plane polarised light 
when passed through a magnetic field along the 
direction of the linos of magnetic force. This effect 
is one of tiic fundamental illustrations of the theory 
of Maxwell that light is really an electromagnetic 
phenomenon. 

Faraday’s Ice Pail Experiment {Elect.) An 
experiment for determining the amount and sign 
of induced charges. A charged ball (or similar 
object) is lowered into a hollow vessel of conducting 
material (Faraday used a metal ice pail); the out¬ 
side of this vessel is connected to an electroscope, by 
means of which the induced charge is examined. 

Faraday Tubes {Elect.) The part of a dielectric 
enclosed within a tubular surface formed by a 
number of lines of force drawn infinitely taose 
together from the boundaries of an area on which 
there is a unit cliarge of electricity. 

Fareham Reds. See Bbioks. 
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Failiui (Chem.) Potato starch. See Staboh. 

Farnese. The name of the Farnese family has 
been bestowed npon several notable works of art 
which were formerly located in the Farnese Palace, 
Borne, bat now form part of the collection in the 
Mnseo Kazionale, Naples. Amongst them is the 
FAmsHSE Bull, a colossal piece of sculpture attri- 
bated to Apollonius and Tauriscus of Tralles, and 
probably executed about the third century B.c. The 
group represents the chastisement of Dirce by her 
stepsons for her ill treatment of their mother, 
Antiope, by binding her (Dirce) to the honis of a 
bull. It was discovered in the baths at Caiacalla 
in 1546 and restored. The Faenesk Heecules, 
another celebrated Greek statue, is in the same 
museum. The hero is represented undraped, leaning 
on his club. The muscul^ development of the figure 
is remarkable. 

Farthingale (Chsf.) The large hoops, often of 
extravagant size, which distended a woman’s petti* 
coat or skirt, a sixteenth century forerunner of the 
crinoline of the nineteenth century. 

F.A.B. The deliverj’ of goods Feeb alongside 
THE Ship, i.e. at the expense of the ra:rson consign¬ 
ing them; the cost of loading is not included. 

Fasces (Areha-ol.') The emblem of power carried 
before siij^rior Roman magistrates by lictors. It 
consisted of a bundle of wands tied up, with an axe 
in tlie centre. The blade of the axe projected through 
the bundle, and indicated that the magistrate bad 
the power of inflicting capital pnnislimcnt. 

Fascia {ArchUt-ct.') A flat member or moulding 
similar to a band, but larger, usually used in com¬ 
bination with other mouldings. Tonic and tlorintiiian 
architraves usually consist of three fasciae, each of 
the upper two of which slightly overhangs the one 
below it. See Abchitbcturb, Oedebs of; Ionic; 
Cobinthian; Entablature; and Ahchituave. 

—— (Joinery'). (1) The flat surface below- the 
cornice of a shop front. (2) The board to which 
the eaves gutter is fixed. 

Fascines (Civil Eruf.) Faggots of wood sunk in 
marshy ground to support structures for which the 
soft ground will not provide a sufficiently firm foun¬ 
dation. Used.where stone is scarce, but it is not a 
good method. Willow- wood is the best, but brush¬ 
wood from ash, alder, oak, etc., is also used. 

Fast Coupling (Eng.) A Coupling (y.v.) in 
which the shafts are permanently fixed together, so 
that they cannot be thrown in and out of gear with 
each other. 

Fast Head (Eng.) The fixed Lcadstock of a 
lathe, which carries the mandrel w-ith the sjieed cone 
and chucks (q.v.) 

Fast, or Fixed, Needle Snpyeying. Measurement 
of horizontal angles by means of a circumferentor 
without the aid of the magnetic needle. Also called 
Backino. 

Fast Polloy (Eng.) A pulley keyed to a shaft 
and always rotating with it, as distinguished from a 
Loose Pullet, which revolves freely on the shaft. 
Fast and loose pulleys are used side by side, so that 
a belt can be shifted from one to the other to stop or 
start a machine. 

Fast Red (Dec.) A term applied to a series of 
bright reds, known generally as Vbbmilionbttbb 

(S.V.) 

——• See Dtes and Dyeing. 


Fast Talloi (Chem., Joeing). See DiAZO 
Reactions. 

Fat Colonp (JDee.) A term applied to stide mixed 
paint which has become viscid and greasy owing to 
exposure to the atmosphere. Fat colour is some¬ 
times used for painting rough work, being thinned 
down with turpentine or benzene before use. 

Pat Edges (Dee.) A superfluity or bead of pmnt 
on the edge or angle of a surface at right angles to 
the direction in which the brush is being used, e.g. 
on the styles of a door; the result of careless paint¬ 
ing. This fault is one of the signs of incompetence. 
A professional painter guards against fat edges, and 
draws his l^sh in an outward direction, so as to 
avoid it. 

Fathom. See Weights and Measubes. 

Fatigue, Elastic (Eng., etc.) See Elastic 
Fatigue. 

Fatigue of Materials (Eng., etc.) See Elastic 
Fatigue. 

Fat Lime (Build.) A nearly pure lime (calcined 
white chalk). 

Pat Liquor (Leather Manufac.) An emulsified 
solution of soap and oil in uann water, used for 
softening rainer.al tanned leather. Fish or vegetable 
oils are generally used witli a nculr.al white soap. 
Sometimes egg yolk is added to make a better emul¬ 
sion. First used by Ed. Kent on Dongola leather 

Fats (Cltem.) Are compounds of glycerine with 

acids of the I’nHaiOa ('„H 2„_202 .(-/uHun-iiOj, 

and OnH 2 n- 3 (Oil )02 serie.s. 'J'hc fats arc tlierefori 
Glycuhink Esters or Glycerides. A fat is also 
often named from tilts acid it contains; e.g. glycerine 
(or glyceryl) tristearate is often called Irii-tearin, or 
simply stearin. The fallowing are the names, modes 
of occurrence, and formulas of some of the more 
important fats: Glyceryl triinttyriie (Imttcr), 0,11. 
tOOO . CjTlf),; glyceryl trii>altsiilatc (isalm oil and 
lard), C,Hj( OOC . ('’uTla,),; gb ceryl tristoarate (tallow 
and lard), C,Uj(OuC . ; glyceryl trioleate 

(olive oil and lard), CjIi/(O 00 . 0 , 71133 ),; glyceryl tri- 
linoleate (linseed oil), C,TJ 5 ( 00 (\ glyceryl 

tririoinoleate (ca.stor oil), 0 ,H 5 ( 000 .0,,11^,(011)),. 
The first three are solids, Lise others liquids. On 
treatment with superheated steam, or on boiling 
with alkalis or with sulphuric acid, all fats are 
resolved into glycerine, and the acid united to it. 
When an alkali is used, the liberated acid unites 
with it, and the re.sulting salt is a SoAP. This process 
of resolution into glycerine and an acid is called 
Saponification. There is an enzyme. Lipase 
(Stbapsin), which has the property of saponifying 
fats. It occurs in the pancreas and in the seeds of 
the castor oil plant, the white poppy, and in linseed 
and maize. The sajioniiication of fats is carried out 
on an enormous scale in soap making, in the pre¬ 
paration of fatty acids for candle making, and in the 
preparation of glycerine, ralmitin, stearin, and olein 
are used on a large scale in the preparation of 
Mabgabinb. Tlie liquid fats (e.g. linseed oil) are 
often called FIXED OILS. Fats are of great physio¬ 
logical importance. Briefly, their functions are ; 
(a) To produce heat; (h) to produce energy; 
(e) their distribution in the tissues gives rotundity, 
and through their non-conducting properties serves 
to retain the beat of the body; (d) aid the removal 
of effete substances; (e) play a considerable luut 
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in the oonvetsioa of food into tisane. Owing to 
their being snoh great heat prodncera, fats form a 
large part of the dietary of persons living in very 
cold countries. See Foods. 


Fatlia {Botany). Fatda papyrifera (order, 
Araliaoea), The source of the rice paper of Japan. 
The paper is prepared by pressing thin sheets of the 
phh. 

Fatty Acids {Chem .) Acids of the series CnHjnO 
They are called fatty acids because some of the 
higher members occur in the fats {q.v.) The lower 
members are liquids; the higher ones, starting with 
capric acid, are solids at the ordinary tem- 

peratuie. The lower members are solvftle in water; 
the higher members insoluble in water, but soluble 
in alcohol and in etlicr. They all distil in steam. 
For methods of preparation, see the individual acids, 
e.g. formic, acetic, propionic, butyric, palmitic, and 
stearic. 


Fatty ComponndB 

■COMPOUXDS. ^ 


{Oietn.) See Aliphatic 


Faucet {Eng., Build., etc.) The socket on a cast 
iron pipe. The name is also applied to a small cock 
or tap. ■ 

Fault {Elect: Eng.) Applied in a special sense by 
telegrapli engineers lo a conducting wire, land lino, 
or cable. Faults <-.onsist of breakages contact* be¬ 
tween two lines. ^Icctrlcal connection with the earth 
(termed Whole or 1'aktial Kahths, according to 
the degree of completeness of the eonncction), etc. 
The detection of faults and tho detcrraimition of 
their exact position rc'ceivc much attention from tele¬ 
graphists, and many very ingenious methods a-e 
Employed by which the locality of a fault can often 
he found within a few yards by an operator perhap.s 
several hundred miles away. 

- {Gctd.) Ilurlng tlie uiiheaval of part of the 

crust of the Earth it oltcn happems that a dilTcrential 
movement occurs over a zone of 
weakne.s.s, and tlie rocks on one 
side of that zone nay be lifted 
a iridcmore than tliose on the 
other each time the movement 
is repeated. Thu.s a dislocation 
is (paused, and tlm strata on the 
same level no longer accord with 
their cx>unterparts on its opiwsite side. The down¬ 
throw may range up to one of several thousand feet, 
as is the case with the I’ennino Faults, near Appleby. 
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-, Reversed ( Gcol.) In a normal fault the hade 

or inclination from tlie vertical of the lower part of the 
zone of fracture is usually to¬ 
wards the downthrow side of 
tho fault. A vertical .shaft pass¬ 
ing through the fault could not, 
therefore, cut the same bed of 
rock twice. In a reversed fault 
the hade is in the opposite Revebbek Facl.t. 
dii^Dction, and it is always the 
case that some part of the same bed of rock on one 
side of the fault lies vertically below its counterpart 
on the other. Reversed iiults are generally duo to 
piiwcrfnl lateral thrusts; but they are sometimes 
prodnoed by a thrust acting from abo/e downwards. 

Fault Rock {Geol.) The movement, nnder great 
pressure, of the rock on one cheek of a fault against 
the other usually grinds off more or less eUbri.s, which 
aomea to rest at a lower level, and may be com¬ 
pacted into a breccia (q-v.), which is known by the 



above name. Where the fault fissme is very uneven, 
masses of considemble size may enter into the 00in> 
position of the fault rock. 

Pe ( Ch&n.) The symbol for IBON (g.».) 

Feather {Eng.) A key, with parallel sides, jmnk 
into and fixed to a shaft. The keyway in the hub of 
the wheel driven by the shaft makes a sliding fit 
with the key, so as to allow of relative motion of the ^ 
wheel and shaft parallel to tho axis of the latter. 

The wheel can slide along the shaft, but must always 
turn with it. 

Feather Edge {Entf. etc.) A thin .serrated cutting 
edge which results from the improper grinding of 
c-dge tools. Also applied to the *' fins ” on moulded 
goods due to the faces of each half of the mould not 
fitting perfectly, e.g. in glass bottles on tho sides of 
the neck and shoulder, owing to a little metal being 
forced into a thin film between the checks of the 
mould. Mostly found in burst-off bottles or cheap 
rubber balls and toys. 

Feather Edge Boarding ( Carp, and Join.) Boards 
that tai>er or tiiminish in their thickness from one 
edge to the other. Used in fencing and in covering 
the walls and roofs of small wooden buildings, etc. 

Feathering Paddles {i^tg.) Paddle wheels with 
hinged floats which arc caused to enter and leave the 
water at right angles to its surface. Unnecessary 
disturbance of the water and consequent loss of 
power are thus largely prevented. 

Feathering Screw {Eng.) A Bceew Propbllbk 
{q.v.) wliose blades can be turned into a plane 
Ijarallel to the shaft when the screw is out of use 
at any time; e.g. if the vessel is under sail. Rarely 
u.scd in mouem vessels. 

Feathers {Her.) Uenerally those of an ostrich, 
represented with tips drooping. See alto Pldhb 
and Panache. 

Feather Trimming {Textile Manvfac.) Pile fabric 
wov eij in stripes. 

Feed {Eng.) (1) The amount which the cutter of 
a machine tool is moved at one time, or the rate at 
which tho cutter advances towards the fresh material 
which is to be removed. (2) Fbbd Wateb {q.v.) 

- {Motor Cum), The regulation of the supply 

of petnil to the engine. See Petuol EKtuNES. In 
steam cars it refers (1) to the supply of oil to the 
burner ; (2) to the supply of water to the boiler. 
Both these are usually controlled automatically, but 
the sup]>ly can also be increased or diminished when 
required by pumps and valves regulated by hand. 

Feed Cistern {Build.) A small cistern with a 
ball vahe, to supply a boiler. 

Feeder (Foundry). A mass of fluid metal in a cavity 
placed at the upper part of a mould and communi¬ 
cating with the space in which the casting is actually 
formed. It serves as a reserv'oir of fluid metal to fill 
up the mould as the casting shrinks or sinks in. ^ 

- (Met.) The smaller channels which connect 

the main cliannel with the pig.s (q v.) when tapping 
or running off the molten iron from a blast furnace. 

- (Mining). A subsidiary vein rumflng into a 

main vein on tlie upper side. 

Feeding (Fmftdry). Running in a fresh supply 
of fluid metal daring tho formation of a large casting. 

The mould apparently becomes full at the first 



218 


pouring, bat as the metal solIdifieB it contracts, 
and cavities would be left if mote metal wero not 
supplied. 

Feedlntf Rod (Fmiulry'y. An iron rod passed 
down the boles le^ing to the cavity of a mould in 
order to promote the flow of fresh metal during 
Pbhdino (j.e.) 

Feed Pipe iJSfna.) The pipe conveying the supply 
of water to a boiler. 

Feed Pomp {Eng.) A small pump which forces 
water into a boiler. It is driven either bj' the engine 
itself or by a subsidiary or “ donkey ” engine. 

Feed Screw (Eng.) A screw used to regulate the 
feed of a cutting tool. 

Feed Water (Eng.) The water supplied to a 
boiler. By measuring its amount, the quantity of 
steam produced in a given lime may be foiuid. Feed 
water should be clear, free from matter in suspension 
and in solution. - 

Feed Water Heater (Eng.) A device for warming 
the feed water, usually by means of the exhaust 
steam or by the condenser. 

Feeling (Art^. “ That visible quality in a work of 
art which forcibly depicts the mental emotion of the 
painter, or which exhibits his perfect mastery over 
the materials of ai't.”— FairhoU. 

Fehling’s Solution (Chfm.) A solution containing 
84-64 grams of c«jpper suliihatc, 17.3 grs. of Eochclle 
salt, and 84 grams of caustic soda in one litre. The 
copper sttl})bate solution is made separately, and a 
solution of the other substances added to it. It is 
used os a qualitative and a quantitative test for 
dextrose, especially in urine. When heated with a 
liquid containing this sugar, Fehling’s solution is 
reduced; it loses its blue colour, and gives a red 
precipitate of cuprous oxide. Many other substances 
reduce Pchling’s solution; e.g. Laevuilose, Maltose^ 
Hilk Sugar, Chloral, and Aldehydes generally. 

Feigh (Mining), Eefuse from the ore. 

Feints. The first runnings or distilLates which 
oome over from a pot still in the distillation of 
whisky. 

F^llmonger (Leathpr Manvfao.) One who pre¬ 
pares sheepskins for the tanner by removing the 
wool. The processes employed to remove the wool 
is called fellmongcring. 

Felloes. The rims of wheels: applied chiefly to 
those which arc built up of separate pieces, especisdly 
wooden wheels. 

Fell of Cloth (Textile Manufac.) The last pick 
of -weft forming cloth which is beaten up by the 
Bley ; i.e. the nearest position of edge of cloth width 
to reed when weaving in the loom. 

Fell Railway (Civil Eng.) A railway in which 
the tractive force is obtained by means of a central 
rail, which is closely gripped (on both sides) by 
horizontal wheels attached to the locomotive. This 
rail has no teeth or projections; but the adhesive 
power is mncli greater than in the ordinary system 
of railway traction, and on the Fell Railway on 
Mont Cenis trains of thirty-six tons were drawn up 
a gradient of as much as one in twelve. The two 
gnpping wheels serve as a brake in descending the 
alopes, and also steady the eimne in rounding sharp 
Oarrea. See alto Mouktais Bailwats. 


Fali^ar (Min.) A group of anhydrous silicatea 
of aluminium with varying proporttons of oaldum, 
potassium, sodium, aud magnesium. These four 
elements may replace one another in almost, any 
proportion, gi^ng an almost oonthraous series of 
varieties, with a gradual transition in physical 
characters. Some are monosymmetlic, some tri- 
clinio in their crystalline fonn. They are an im¬ 
portant group of rock-forming minemla. At one end 
of the scries are the POTASH Fbuipabs ; at the other 
those which contain much limo. In the middle of 
the group are the SooA Felspass, aud between 
these and either extreme are numerous compounds 
of an intermediate type. Most eruptive rocks contain 
one or more Bf these felspars. 

-, Potash (Min.) A synonym for ObthoolaSE 

(q.v.) 

- , Soda (Min.) A synonym for Aebits (q.v.) 

Felstone (6eol.) A name somewhat indefinitely 
applied to eruptive rocks, allied, in composition, in a 
general way, to granites. The tejin is (or was) often 
used in describing ancient lavas fflied to Liparites or 
to Obsidians, which had become dexitrified or stony 
in texture. It was also used for what would now be 
termed niicrogranite, and even for rocks which would 
now be distinguished as porphyrites. Siimo of tlie 
Scottish rocks formerly classed as febtones are 
dcvftrified trachytes or even andesites. 

Felt (Eng.) Used as a non-condaotor of heat for 
covering steam pipes, etc. 

- (Paper Manufau.) An endless woollen 

blanket used in the manufacture of impcr for guiding 
the wet web of paper to the drying cylinder. 

-( IVooUen Manvfac.) Carded w’ool made into 

a wearable texture (e.g. earptits, hats, etc,), without 
weaving, and liy fulling or felting. 

Felting. The tendency wliich fibres hax e to inter¬ 
lock. Ttiis tendency is turned to advantage. Sre 
Felt. 

- (Woollen Manufac.) The process of 

shrinkage wliicli wool and woollen cloths undergo 
when subjected to moisture, heat, ami pressure. 

Female Gauge (Enaf A hollow gauge; i.e. one 
used for measuring and adjusting the outside of a 
piece of work. 

Female Screw (Eng.) A hollow screw or a nut 
having an iniernal thread. 

Femme (Her.) The heraldic term for wife. 

Femur (Architect.) See Mebos. 

- (Zoology). The thigh bone of the leg. It has 

a round<;d lateral liead and two prominent ridges— 
Tbochaktees—- at the upper end. 

Fence (Eng., etc.) A guide used to keep a cutting 
tool, and the work operated on, in their proper 
relative jiositions. It may be used where the work 
is moved, as in a circular saw, or where the tool 
moves, as in a plough (q.v.) or a rebate plane (q.vJq 

Fencing In (Eng.) The guarding of moving parts 
of machines to prevent injury to workmen. It is 
required by the Factories Acts. . 

Fender (Carp.) A large piece of timber outside 
the sill of a gantry to protect the structure from 
injury by passing traffic. 

Fenden (Aroheeol.) These were made of rushes, 
etc., and were placed round wax seals in the fifteenth 
century to protect them. 
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IPsBdsr Vail (JSiUM.') The wall that oarrieB the 
hearth on the ground floor of a building. 

Faneafaratloii (^Architeet,') The arrangement of 
the windows and other openings in a f^^e. 

Fenntf (Botany'), Fcenienlam oJiei7iale (order, 
•UmbeUi/era). A oommon plant formerly much used 
as a pot herb. _ An aromatic oil is distilled from the 
fruits. 

FenitfFeek (Stftany), Trigonella feenvm grmmim 
(order, Zyuminone), The seeds are used in veteri¬ 
nary medicine, and as a condiment in India. 

Per da Holine (Ifor.) Another term for Mill 
B lif0; the iron clamp by which a millstone was 
fixed. 

Faratoi^. A small shrine, often very richly orna¬ 
mented, in which are placed relics. A portable 
shrine. 

Far^asonite (Min.) A metaniobate and tantalate 
of yttrium, erbium, cerium, uranium, and iron. Tctra- 
onal, hemimorxihic, in small brownish black crystals, 
isseminated in qwartz from near Cape Farewell, 
in Qroeolanu. 

Fannata (MujAc). Pause. 

Famentation. The ohemic.al change brought 
about in organic substances of the most varied kind 
by; (1) Moultis, sucih as Penieillium ylannem; (2) 
Kaccharoniycotcs, such as yeast; (3) Bacteria, such 
as the Bacillus Avtylicus ; (•!) Enzymes (q.v.) The 
members of the first three classes are known as 
ObG-VNISEJI Fekmbxts, becahsc they are living 
organisms of definite structure. The substance 
undergoing fermentation is part of the food for the 
organism, and the substance produced is a witsie 
product of tiiK organism. For an organised ferment 
to work proijefly, it mu.st have ail the elements 
necessary to build up its organism in accessible 
form. The fermenting substance must not be too 
concentrated, the temi)crature must be suitable, and 
the product of fermentation must be removed after 
it has attained a certain concentration, or the process 
will stop. Tho follovv'ing are example.^ of fermenta¬ 
tion Alcoholic Fkbmhntation . When brewers’ 
yeast (Saeehanmycetes cerei'isiO') is .adiled to a 
solution of cane sugtw (wliich is not too strong, and 
contains traces of potassium, ammonia, magnesium, 
calcium, sulphates, phosphates), and the temperature 
is kept between 25° and 30° t'., the sugar is converted 
by the enzyme invertase, which is present in the 
yeast, into eqmil quantities of dextroxo and Ifpvu- 
lose; the yeast tb('n ferments these two sugars, the 
dextrose first and the Itevulose afterwards, to alcohol 
and carbon dioxide. Other products are formed also, 
but in much smaller amount; e.g. glycerine, suc¬ 
cinic acid, and higher alcohols. These aie probably 
formed by other organi*ms than the S. ccrevUio). 
See also Alcohol and Zymask. Acetic Acio Fee- 
MBNTATios: This is brought about by Myeoderma 
aoeti in dilute solutions of alcohol. See Acetic 
Acid. Tlie souring of wine and beer are examples 
o! this fermentation. Lactic Acid Febmbnta- 
Tiosr: This fermentation is set up in milk by a 
large number of bacteria, the most important of 
which is B. acidi, lactiri. These bacteria ferment the 
milk sugar (lactose), and the lactic acid produced 
coagulates the milk (i.c. tlio casein); they can also 
produce lactic acid from cane sugar and dextrose. 
See Lactic Acid. The change of urea in urine to 
ammonium carbonate is doe to a Mierocoemts. For 
other examples see Butybic Acid, Succinic Acid, 
Mandbiao Aon>, and Lbathbb Manufactvbb. 


Fermesti. See FBBMBNTATioir. 

ForanU (Botany). The el^phaBt apple tree 
(Feronia eU^hantvm ; order, Butaceee) of 
yields a gum resembling gum arabio. Its wodi is 
also valuable, 

Fevrioyaidde Printing Prooess (Photo.) Paper 
is coated with a solution containing potassium ferti- 
oyanide and a ferric salt (ammonio-oitrate). Ex¬ 
posure under a negative (or tracing, etc.) renders- 
the salts insoluble, where they have been acted npon 
by light. The process is completed by washing with 
water, when the salts which have not been acted on 
are removed, leaving white lines on a blue ground. 

Ferricyanides (Ckem.) Salts of Hydbofbbbi- 
CYANio Acid, H,Fo(CN)8 (g.v.) 

Ferrocyanide Printing Prooess (Photo.) Paper 
is coated with a solution containing citrate of iron 
and ammonia, and ferric chloride. Exposure is made 
in accordance with the ordinary method of contact 
printing, and the print is developed with a solution 
of potassium ferrocyanide. When the details have 
become clear, the print is rinsed and put into 
dilute hydrochloric acid, giving blue lines on a w'hite 
ground- 

Ferrot^anides (CJhfsn.) Salts of Hydbofbbbo- 
CYANic Auid, H,Fe(CN), (q,7\) 

Ferromanganese (Met.) A name applied to pig 
iron with a high percentage (20 or more) of' 
manganese. See Iron. 

Ferrosoferrio Oxide (Chem.) Tbifbbbtc Te> 

TBOXiDE, Fc,0,. See Ibos COMPOUNDS and 
Magnetite. 

Ferroginoiu. Canying or charged with iron. 

Ferrule. (1) A short tube into which two parts 
of an object fit. (2) A wooden tube or ring used 
for making a watertight joint between a tube of a 
surface coudemser (g'.*’.) and the plate into which it 
fits. (3) An iron ring used in foundry work to 
support tho end of a core. 

-( Watches, doeks), A small pulley used for f 

rotating drills, or pieces of work that have to be 
turned or otherwise operated on. 

Ferrum, Ferric, Ferrous (Chem.) Ferrum is the 
Txitin name for iron; from it is derived the s^bol 
Fe for iron. This metal forms two series of salts, 
viz. (1) Febeic Halts, in which iron is trivalent 
(see Valency) ; (2) Ferrous Salts, in which it is 
itivalent— e.g. ferric chloride, FeCl,, and ferrous 
chloride, FeClj. See Iron Compounds. . 

Ferula (Botany), A genus of the order Urn- 
helU/ero!, Asafostida and Gum Galbanum (g.v.) 
are derived from certain species. 

Fescue Orass (Botany). Festma sp. (order, 
Grammetr). A large group of grasses of over ninety 
species. Many of them are v^ued as meadow and 
pasture grasses. 

Fosse (Her.) One of the ordinaries. It is a band 
occupying the central third part of a shield. See also- 
Hehaldby. 

Fetter Look (Her.) A padlock and leg iron. 

Fettler (flmndry). A workman who trims up 
castings after they are taken from the mould. 

Fettling (Fng., Met., etc.) (1) Trimming up cast¬ 
ings ; removing' fins, cores, etc. (2) Material used 
for lining puddling funiaces. It usually consists- 
largely of iron oxides. See also BuUi Dog. 
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Fettling iWooUen Marnfae.) The operation of 
'Cleaning the card clothing in ecribbling and carding 
machines. 

Fibres {Botany). Plant cells which have lost 
their protoplasm and have their walls thickened and 
lignified. The cells are usually pointed at the ends, 
and are often of great length. They constitute the 
elements of the hud bast {q.v.) 

Fibrin {Chem.) A substance of unknown formula 
produced when blood clots. It forms tenacious 
elastic fibres, and is coagulated by heat, alcohol, and 
prolonged contact with salts. It readily dissolves in 
acids. 

Fibrinogen {Chem.) A jellylike tenacious solid 
of unknown formula : insoluble in water, soluble in 
salt solutions and in alkalis. It occurs in blocsl, and 
is converted by an enzyme (thrombin) present in 
the white corpuscles into fibrin {q.v.) and a small 
quantity of another albumin. 

FibroOB Plaster {Dec.) Plaster ornaments usually 
backed up with canvas and ready for placing in 
position by the plasterer. 

FibroTasculup Bundles {Botany). The strands 
of conducting tissue in the root, stem, and leaves of 
a plant. The Inmdle may consist of wood (Xylkm) 
only, or wood and soft bast (Phlokm), or ('ajubium 
may be present in addition to wao<l and bast. I'he 
prefix “fibro” indicates the presence of liard bast 
associated with the bundle. 

Fibula {Arehmol.) A clasp or brooch {q.v.) 

- {Zoology). One of the two bones forming the 

lower part of the leg, i.e. the part between the knee 
and the ankle. The other bone is the Tibia {q.v.) 

Fictile {-Pot.) Pertaining to pottery or the potter’s 
art. 

Ficus {Botany). An important genus of the order 
JUorareee. Many species yield economic products, 
anch as figs (from Picug ruTira), indiarubher (from 
Ficus elastica). The banyan is also a species of this 
genus. 

Field {Fleet.) The Elkctric Field is the space 
in the ^ neigh bourhoo'l of an electrified body, or 
bt)dies, in which electrical phenomena are produced 
by the body. A Magnetic Field is a space having 
the same relation to a magtietiscd body. In both 
cases the medium filling the space is traversed by 
the Lines of Force {q.v.), and is subject to stresses, 
which are of the nature of tension along the lines of 
force and pressure at right angles to them. 

- {Her.) The surface of the shield. 

- or Field of Yiew {Ojtties), The space or 

area which is visible at one time through a lens or 
system of lenses. 

Fielded Panel {Carp.) A raised i)ancl with a flat 
Burface in the centre. 

Field Magnets. The magnets proflucing the lines 
of force which are cut by the conductors of an 
armature. See also Dynamo. 

Field of View {Astron.) The portion of the 
heavens visible in a telescope. 

Field’s Byphon Flush Tank {Hygiene). Field’s 
flush tank is one of the best in use fur automatically 
flushing sewers and drains. It can be adapted for 
•either purpose. If for sewers, it is built of brick¬ 
work ; and if for drains it is zu^e of galvanised iron 
to any required size. It consists of a main tank, 
with a sm^ chamber beneath. Into this chamber 


the long leg of the s^hon dips after passing through 
the floor of the tank above. Covering this pipe in 
the interior of the tank is a bell shaped arrangement, 
which passes nearly to the bottom. This constitutes 
the syphon. A tap from the rising main is connected 
with the tank, and the interval between each flush 
is regulated by the supply of water from the tap. 

Field’s Tubes {Eng.) See Boilers. 

Fiery Mine. One in which explosive gases (Fibs 
Damp) are given off. 

Pig {Botany). Ficvs carioa (order, Moraeeis). 
The dried fruit forms the well known dietary article. 
It is imported from Smyrna. 

Figging {Soajy Manufac.) A characteristic spotted 
apxJcarance in soft soup.s due to the presence of 
specks of stearate of potash. Supposed to Iw an in¬ 
dication of quality, though why is not quite clear, as 
starch, clay, or steatite is sometimes used to produce 
a figged appearance in soaps which contain no tallow 
or oilier source of palmitic or stearic acids. 

Figured {Her.) When the hur;j«n visage is shown, 
as on the sun. 

Figured Bass {Music). The bass part only of a 
composition, with figure.s above to denote the chords 
to be added. 

Figured Harness {Silk Manufae.) See Mountubb. 

Figurine {Art, etc.) Literally, a .small figure. 
ApjAiud to small sculptured figures and statuettes. 

Filature {Silk Manufae.) A superior quality of 
raw silk reeled by Euroijean methods. 

File ( Her.) Another term for Label [q.v.) 

Files. The file is one of the principal hand tools 
of the engineer and of other metal w)rkers. It 
consi.'ts of a steel blade or body, of vciy variable 
form and size, fixed into a wooden handle. Teetu 
of suitable form and size are cut on the blade, and 
the latter i.s liardened and temjs'red. Fjle.s may be 
classified and described according 1<> their form, use, 
and the nature of their teeth. Most of the terms 
used to dcseribe the form require no explanation, c.i/. 
parallel, taper, round, half r.mnd, three sided, etc. 
Pillar and Cotteb Files are narrow files of 
rectangular seclii'ii. A hiFFLEic is a bent file, used 
for filing a concave surfiuie. Knife Edged Fii.E8 
have a section of the form of a narrow V. FEATHER 
Edged Files have a rhombic section, with two very 
acute and two very obtuse angles. The teeth or 
Cut of a file may bo doscriticd as Rough, Middle, 
Bastard, Kegond Cut, Hmooth, or Dead Kmooth, 
according to the number of teeth per inch, which range 
from 12 or 14 to 100, or even more. The teeth of an 
ordinary file fonn two sets crossing e.ach other at an 
angle; this arrangement constitutes the DOUBLE or 
CBOS.S Out. A file with a .sisgle set of teeth is usually 
termed a Float. A Safe Edged File is one which 
has one side or edge without teeth. Rasps may be 
conveniently grouped with files, though their use is 
chiefly confined to the wood working trades. The 
form and process of manufacture are similar to those 
<if files; but the teeth consist of “ burrs ” thrown up 
by a pointed punch, instead of the straight-edged 
chisel which is used in making the teeth of a fili 

Filigree, Filagree. Delicate metallic lacework, 
generally gold or silver, f(trmed into ornaments. 
Filigree work was introduced into Europe from the 
East by the Italians. Old filigree work was generally 
ornamented with small beads. 

Filla* {Dec.) See Filling Up. 
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Fill«t (AreMteet.) JL small fiat face tised to 
separate mouldings or to strengthen the upper edge 
of a crowning moulding. The narrow band separat* 
ing the flutes of a column ox pilaster. It is also 
known as a Listbl. 

- (Bind.) A tool used in finishing to 

produce single, double, and other gilt lines. In 
England fillets consist of brass wheels which are 
heated and rolled over the work. On the Continent 
these tools are mostly flat, and are believed to 
produce brighter gilding. 

- (Carp.) A narrow strip of wood : a flat 

band. 

- (Caifix). The ribbon of metal from which the 

blanks (q.v.) are punched. 

-( Cost.) A narrow band, generally of some 

woven material, used to keep the h^rin pl^e. Such 
a band was worn by both men and women in Ancient 
Greece. Cy. Diadem and Diadumenus. 

- (JSnp., rto.) A general term for a narrow 

band or strip of'wsaterial, usually projecting above 
the general level of a .surface. 

- (Her.) The diminutive of the Chief (q.v.) 

See also IlKBAnDKY, 

Fillet Opound (Lace Mannfar.) A net with 
absolutch square holes, siniilar to canvas, but more 
defined and “lacey” in appearance. Made upon all 
descriptions of lace machinery. 

Filleting (Ituild.) A band ,or strip of cement in 
the aiieile where t he .slates on a roof touch the wall, 
instead of step fla.^hing (q.r.) 

Filling (Snap Manufac.) The treatment of sci'ps 
to enable them to ciitry an excess of water or other 
weiglit giving materials, sucli as paraffin, and petro¬ 
leum hydrfKjarbons, without rendering the soap too 
soft for otilinary use. Cold-made transparent soaps 
are often lieavily tilled, and .also sugared. 

- (Woollen Manufac^ The American term 

for Weft Yabs. 

Filling Up (Dee.) The process of bringing a 
surface to a level before painting or between the 
application of the coats. Small inequalities arc 
Btoppeil (q.v.) wdlli putty, but filling up is always 
necessary when the surface is uneven. A good filler 
for a plastered surface is made by mixing fine plaster 
of Paris, whiting, and warm size. For })aint work a 
mixture of white lead, yellow ochre, and gold size 
answers well, but a patent filler, manufactured at 
Merton, is much superior when h.ird wood such as 
oak is to be “natural finished” (q.e.) A paste filler 
composed of starch, silex, or some other fine 
substance, mixed with varnish, etc., is used to fill 
4;he grain of the wood. 

Fillister (Carp.) A rabbet plane with movable fence. 

Film. Any very thin layer of material, especially 
of a flexible nature. 

- (Photo.) (1) A thin layer of celluloid coated 

with sensitive emulsion, and forming a dry' plate on 
which negatives can bo made. (2) The actual layer 
of sensitive emulsion, whether it be supported on 
glass, paper, or any other material. 

Filter. See Fidtebs. 

Filterpreei (Chem. Eng.) A series of recessed 
plates, separated by a filter cloth, are arranged in a 
^rizontai frame, which carries the plates or sections. 
The mateiial to be filtered is passra under pressure 


into the sections until a solid cake is formed in 
the plate-ohunhers, the liquid portion passing avmy 
through the filter cloths into a common coUeoting 
trough. These presses have been called into fudst- 
ence by the need in the chemical and allied indusfxies 
for rapid filtration in manufacturing operations. In 
conjunction with the centrifugal hydro-extractor, 
the perfecting of these presses constitutes one of thw 
most marked advances in the development of chemical 
plant by chemical engineering. They are very ex¬ 
tensively used for pressing sewage sludge, the lima 
mud from causticisers, the separation of precipitated 
pigments in the colour industry, the removal of water 
from pulp in paper manufacture, and numerous other' 
applications for the separation of solids from liqnida 
in the soap, candle, oil cake, paraffin wax, tar dis¬ 
tilling, and general chemical industries. The most 
modem presses of a certain class provide for the 
“ cake ” being washed free from mother liquor in the 
press, without taking the plates apart or handling 
the material. This is a feature of great importance 
in some processes, such as the manufacture of zinc 
while, lithopone, and precipitated chalk, where the 
separation of the solid in a pure state is the primary 
object of filtration. 

Filters (Chem,, Ejig.) Many special types of filter 
are employed for the filtration of water for industrial 
purposes* and the purification of manufacturers^ 
waste waters. The majority consist of noncrete or 
iron tanks containing a graduated filter-bed of 
clinker, gravel, and fine sand, but with special 
meolianical arrangements for distributing the water 
evenly over the Ixid, and periodically washing away 
the collected impurities, 'I'liis is effected (after 
stopping the flow of water) by rapid back-flushing, 
the fine sand often being loosened and stirred by 
revohing arms, so tliat the bed is quickly cleansed 
with a small volume of water. There are at least 
six well-known systems in operation, and in some 
the filter-tank i.s covered so that the filtration (by 
gravity) may be accelerated by pressure. 

- (Hygiene). To properly perform their- 

funotion, filters should prevent the passage of 
pathogenic organi.sms tlirough their substance; i.e. 
they should sterilise the water. Public supplies arc 
purified by means of beds of sand and gravel. I'hese 
vary in depth. In the London Water Companies’ filters 
tho depth of sand ranges from Iff. 6in. to 4ft. 3 in. 
The selection of a domestic filter is of considerable 
importance, as the use of one which is not competent 
gives a false security, and may play a conspicuous 
part in the spread of disease. The best domestic 
filters are the Pasteur-Chamberland and the Berkfeld, 

Filtration. The process employed to separate 
solid particles from a liquid. In the laboratory 
circular sheets of unglazed paper are used, the pa]>er 
being folded iuto four and supported in a glass 
funnel. When the liquid attacks paper, a plug of 
asbt*stos, guncotton, or glass wool m used. If it is 
desired to hasten the filtration, the paper may be sup¬ 
ported in the funnel by a small platinum cone, and 
tho funnel fitted into a vessel from which the air can 
be pumped out. In filtering water on the large scaio 
for use in towns, sand and stones are used; a typical 
filter of this kind is: fine sand, 24 in. in depth; 
gravel, 12 in.; and boulders, 12 in. The action 
of a filter of this description is, however, not merely 
mechanical—a slime forms at the top of the sand in 
which bacteria grow, using np the bacterial food 
supply in the water, while the products of bacterial 
life pass through with the water and largely stop 
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Hie growth of bacteria throngh the filter. In moh 
JSlteis the water is introdnced/rom hehno. 

nitration ( Chem., The industrial ap^cations 

nre many and varied. See Filtbspbesb ana! Fix<T£1bs. 

Fimbria. A fringe. 

Fimbri&ted {Her.) Bordered with a narrow band 
«r edge; e.g. the white edging which borders the 
Cross of St. George and the Gross of St. Patrick on 
the Union Jack or fiag of England. See Union 
Jack. 

Fin (Hag.) A thin projecting edge on a casting or 
forging formed by metal forcing its way between the 
two hSves of the mould or die in which the object 
was cast or forged. 

- (Zoology). A flattened expansion of the body 

in fishes. The paired fins correspond to limbs, while 
the unpaired fins are merely special swimming 
organs. 

Finder (Aetron., etc.) A small telescope of low 
power with a wide field of view, which is attached to 
largo telescopes in such a manner that wlien a star 
is approximately in the centre of the field of the 
finder it is somewhere within the field of view of 
the large instrument. 

Fine Hetal or White Hetal (Met.) The Matt or 
Begclus in the later stages of copper smelting, 
containing 60 to 80 per cent, of copper (q.v.) 

Fine Stuff (Build.) Slaked lime and fine sand, in 
the proportion of one to two. 

Flnial (Architect.) An ornamental feature at the 
top of a pinnacle, gable, etc. It is frequently carved 
to represent a bunch of foliage. 

Ffnidi (Art). The result obtained by a careful 
attention to detail i in the execution of a work of 
art. 

—— (Build.) The last coat of paint, plaster, etc., 
laid upon any surface. 

- ( Wooll-en Manvfae.) A special kind of 

routine of fini.s]iing a woollen fabric to obtain a short 
aad lustrous nap or pile on the face by successive 
boiling and rai.siug. 

F iniahlng (Bind.) The gilding, blind tooling, and 
other ornamentation of book covers. 

- (LeathertMajtvfac.) This process includes 

the seasoning and glazing of leather. 

Finishing Cut (Bng.) A very fine cut taken in a 
lathe or machine tool in order to produce a good 
surface on the finished work. 

Finiahings (Build.) The name given to the joinery 
fixed in a building. 

FfnlBhiog Stove (Bind.) A gas stove having a 
large circular plate top and an outside ring. The 
handles of finishing tools rest upon this ring while 
the metal ends are being heated on the plate. 

Fiovds (Geology). A term loosely apidicd to any 
steep-sided valley, shaped, in the first instance, by 
rain and rivers, and afterwards lowered so that the 
sea has been admitted. Those of Norway are typical. 
In many instances the bottom of a fiord is deeper in 
the middle than at the seaward end, so that such 
depressions are more of the nature of lake basins 
which have been carried, by local subsidence of the 
Barth’s crust, beneath the sea. It has been pro¬ 
posed recently to limit the term fiord to oases of 
this kind. Drowned valleys in most districts that 
have been glaciated would then come under this 
d^ignation. See Glacibb. 


Fir. See Woods. 

Fire Bom (Bhig.) Castings forming the grating 
at the bottom of a firebox or fumaoe. They axe 
made separately to admit of easy removal. 

Fire Beacon (Her.) An iron basket, with con* 
tents alight, on a pole against which leans a ladder. 

Firebox (Bng.) The part of a boiler which 
actually contains the fire. See Boilbbb. 

Firebrick Arch (Eng.) The structure in a loco- 
motive boiler which deflects the flames and hot gases 
backward. See Boilebs. 

Firebricks. See Bbicks. 

Fireclay (Geology). A term applied to say kind 
of clay tluit will stand exposure to the high tempera¬ 
ture within a furnace without fusing. The essential 
fcaiurc in the composition of such a rock is that it 
shall contain liltlc or no alkaline matter or any other 
substance that would lend to act as a flux. Fireclay 
sometimes occurs in association with beds of coal, 
but there is no necessary connection between the 
two kinds of rock. See Dinas Clay. 

Fire Cracked (Pot.) Ware is described as fire 
cracked if when removed from the bisf^uc oven a 
crack is found which is traceable to the bisque firing, 
and which was not present in the clay stage of its 
production. 

Fire Damp (Mining). The coal miner’s name for 
Methane (q.v.) 

Fire Damp Cap (Mining). The name given to the 
mantle of burning methane (fire damp) which sur¬ 
rounds the flame of a Davy safely lamp in a fiery 
mine. 

Firedog. See Andiron. 

Fire Door (Eng., Met., etc.) The door of a furnace 
or boiler. 

Firelock (Artns), An early form of gun, with a 
lock for producing a spark to ignite the priming: 
u.sedfirst in the seventeenth century. The earliestform 
of gun of this kind was a Wheel Lock, the later 
kind a Flint Lock. 

Fire Opal (Min.) A variety of opal (q.v.) showing 
red and yellow flashes. From Cornwall, Mexico, 
Guatemala, and the United States. 

Fireplaces, Open (Hygiene). As a means of 
heating, open fireplafxs are the most expensive in 
use. Tlie; are extravagant because the heat is not 
all utilised, nor is it distributed uniformly; they 
give up to the room only a very small portion of the 
heat yielded by the fuel, the remainder passing up 
tlie chimney. They, however, have the great ad¬ 
vantage of providing an excellent means of ventila-' 
tion, and are certainly pleasant in effect. In 
constructing fireplaces, the following {irinciples, laid 
down by Teale, should be aimed at: (a) As much 
firebrick and as little iron as possible should be 
used; (b) the Imck and sides should be of firebrick; 

(c) the back of the fireplace should lean over the fire, 
while the throat of the chimney should be contracted; 

(d) the bottom of the fireplace should be deep; (e) 
all slits in the bottom of the grate should be as 
narrow as possible; (/) the bars in front should be 
narrow; (g) the space between the floor and the 
bottom of the fireplace should be closed in front 

a close fitting iron shield called an economiset. 

Fire Prevmitlon. See Pbbvbntion ov Fibs. 
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Flvopnof Paint {Deo.y Paints varions ooloon 
in vhioh asbestos is mixed to prevent their ready 
oombnstion. ^ The paints are increasing in demand, 
especially for nse in lai^e buildings. So-called fire- 
proof stmetuxes are frequently rendered very inflam¬ 
mable by the nature of the interior work and fittings, 
which, when painted in the ordinary way, cause a 
spread of fire at the most important point, namely 
at its inoeptiom Cabbobitndxth (gr.e.) promises to 
be very useful in this connection. 

FIm Test. See Flashing Point. 

Plre Tube Boiler {Eng.') A boiler in which the 
tubes carry the hot gases, as in a locomotive boiler. 
Also called a Multitxjbulak Boilee. It is to be 
distinguished from an ordinary tubular boiler or a 
water tube boiler. See Boilebs. 

Firing {Eng.) (1) Attending to the fire in a 
furnace or boiler. (2) The undue heating of any 
part of a machine through friction. (3) A general 
term for ignition, especially the Ignition of the 
Ohabge {q.v.) in g04teiiginos. 

—— {Pot.) The process of exposing the clay 
goods to the herd of the kiln. 

- or Ignition Chamber {Ettg.) The space 

in which ignition occurs. See GAs 'Engine.s. 

Firing Tools {Eng., etc.) The tools used in 
stoking and trimming a fire. 

Firmer Chisel {('arp., etc.) A stout chisel, stronger 
tliaii a paring chisel {q.v.% but slighter than a 
morti.iitig chisel. It is intended to bo used by the 
hand alone, and not, as a rule, with a mallet. 

Firmer Couge {Carp., etc.) A gouge similar to 
a firmer chi.scl {q.v.) in strength, and used in a 
similar manner. 

Firring or Furring {Carp.) See Fuhrino. 

^ Fir Seed Oil. A drying oil made in limited quan¬ 
tities from the seeds of various pine trees. It is 
sometimes used in paint and varni.sh making. 

Fir, Silver. S-e Wooua. 

First Point of Aries {Aet-rmt.) Tlio point of 
Intersection of the Ecliptic and t'elestial Equator, 
through which the sun passes from the south to the 
north of thoeqnator. Tne other point of intersection 
is called the Fiebt Point of Libea. 

First Point of Libra {Astron.) See First Point 
OF Aries. 

First Proof {Engrav., etc.) A proof taken from a 
plate before the inscription, etc., has been engraved 
upon it. Proofs df this description are generally 
signed by the engraver, and arc of gi'eater value 
than those printed subsequently. Sometimes termed 
proofs before letters.” 

First State {Engrav.) The term is applied to a 
proof printed from a plate which has not received 
the final touches, or to a proof, whether finished or 
not, which differs from the proofs of the second 
printing. 

First Water {Genu). Of the highest quality or 
finest lustre. Applied principally to pearls and 
diamonds. 

Fir Wool {Botany), A material in the form of 
wadding or sheets, made from cotton wool impreg¬ 
nated with an extract of pine leaves, h'ormerly fir 
wool was made from the leaves themselves. 
Fllh(.Bbr.) All speoies are used as chatges. 


Fish BelUed Girders, et(L, whioh are 

curved so that their loww surface, seen in prcMUe^ 
is convex downwards. 

Fished Joint {Eng.) A joint made between ikro 
rails, beams, etc., by drilling bolt-holes in the ends, 
bringing the ends tc^eiher, laying on each iride a 
plate (termed Fira Plates) having holes corre¬ 
sponding to those in the ends of the rails or beams, 
and bolting the whole together by Fish Bolts, or 
long bolts passing right through the rail and the 
two plates. 

Fish Plates or Fishplates {Eng.) A kind of 
tie-i>late chiefly used for connecting the ends of 
railway “ metals ” or rails. See B’ishbd Joint. 

Fishtail Burner. A gas burner giving a 
luminous flame. 

F.I.T. Free in Truck; i.e. goods which are 
loadoit on trucks at the expense of the consigner. 

Fitch {Bee.) A small hoghair brush used in 
delicate decorative work such as lining, picking out 
ornaments, enrichments, etc. Fitches are m^e 
round and flat and also with a bevelled edge, the 
latter being used for lining {q.v.) 

Fitchee {Her.) Pointerl at the end, so that the 
object may be fixed in the ground. * 

Fitter (Eng.) The workman who carries out the 
btilk <jf the hand work in engineering shops. The 
fitters produce the most accurately finished work on 
pai-ts which have been more or less correctly shaped 
with the machine tools. 

Fitter’s Bench {Eng.) A strong bench for hand¬ 
work. 

Fittig's Reaction ( Cheni.) A method of preparing 
liomologues {see Homologous yEUiEs) of benzene. 
Clean sodium is dropped into a mixture of phenyl 
iodide (iodobenzene) and an alkyl {q.v.) iodide dis¬ 
solved in dry ether—the flask being kept cool. The 
following reaction takes place when ethyl iodide 
is used: C.HsI + + 2Na = CjHjCjUj + 2NaI. 

Fitting (Eng.') The hand or bench work involved 
in the construction and finishing of metal objects in 
mocliaulcal engineering shops, 

- {Siap Manufao.) The treatment of curd 

soap to remove excess of free alkali. After the 
“ made ” soap has separated from tl^ iey, the paste 
{q.v.) is treated as wet steam, which dilutes the ley 
still entrained in the soap grains. When the desired 
stage of dilution is reached (coarse fit, fine fit, etc.), 
th? whole stands for about twelve hours, and separ¬ 
ates into three layers; at the bottom Nrgub, com¬ 
posed of weak ley, dirt, metallic coloured soaps, and 
suchlike impurities; at the top a solid crust or Fob 
of frothy soap; and in the middle the Nest Soap. 
Genuine fitted soaps usually contain considerably 
more water than curd soaps, i,e. about 30 per cent. 
if unsilicated. 

Fittingt (Eng.) ( 1 ) The smaller parts of a 
machine, etc., constructed separately and afterwards 
added to the main part. (2) The accessories on a 
boiler-shell, such as safety valve, gauge glass, etc. 

Fitting Shop {Eng.) The shop where the hand work 
or Fitting is carried on. Its necessary appliances 
are a vice, hand tools, gauges, and measuring tools. 

Fixed GttttePB {Carp., etc.) Large tools resembling 
plane irons fixed in a bench, over which wood is 
drawn by mechanical power for planing up. The 
arrangement corresponds to a large inverted plane 
which is kept fixed while the wood is moved. ■ 
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Fixed Eccentric iEng ."} An Eoobntbio (^.v.) 
keyed to its shaft; now abnost tmiversally used. 

Fixed Expansion' (-Ehff.) An arrangement or 
adjustment of the Slide 'Valve (g.v.) of an engine 
by which the cut off always occurs at the same 
instant, e.g, at one-third of the stroke. An adjust¬ 
able cut off allowing variable expansion is preferable, 
as the amount of steam used in each stroke can then 
be modified to suit the power which the engine is 
required to develop. 

Fixed Oils (Bee.) The true oils, i.e. glycerides, 
such as linseed, walnut, poppyseed oils, which are 
not changed by heating and distillation. They thus 
differ from the Essential Oils (g.v.') or volatile 
spirits, and harden on exposure to the air. 

Fixed Pulley CEng.) A pulley keyed to its shaft. 

Fixing (_Photo.') The removal of the unaltered 
silver sailts from the film after development, carried 
out by means of a solution of sodium thiosulphate 
^ypo) or with potassium cyanide. These act by 
forming a soluble double salt with the silver, which 
readily diffuses out in the washing water. 

Fixing Fillets {BuiltL) Slips of wood built in 
the joints of brickwork to which the joinery is 
fixed. 

Flag *’>' Flagstone. A paving stone, especially 
one of those natural stones (commonly sandstone) 
which split easily into fiat slabs suitable for x^atiug. 
See Flagstones. 

Flagstones ( Oeol.") Thin beds of sandstone which 
oau be easily quarried in the form of slabs suitable 
for paving stones or for rough slating. In the north 
of England a flagstone quarry is often referred io as 
a slate quarry. The best flagstones arc those from 
the Orcadian or Middle Old tied Sandstone of 
Caithness and Orkney. Next to these are the Car¬ 
boniferous Flagstones of the north and midland 
counties of England. Some of the Jurassic rocks 
also }deld good fiagsturics. 

Flanches ( Her.') Always in pairs, and formed by ' 
two curved lines extending from upper angles of 
riiield to the respective base points, the carves being 
inwards. 

Fl^e White {Paint, and Dec.) The name given 
to pure, finely ground white lead when esiHicially 
prejjared for artists’ use. 

Flaking {Dec.) A defect in distemxxjr {q.v.) in 
which the x-wint flakc.s off, owing to imx>erfect 
adhesion with the surface to which it is applied. 
May sometimes be avoided by adding sulphate of 
Bine to the distemper. 

Flamboyant {Architect.) The name given to the 
later ffcrical of French Gothic architecture, contem¬ 
poraneous with English Terpendicular Gothic. The 
principal clmracteristic of Flamboyant work is the 
namelike form of the window tracery. In late 
English decorated work FJamboyaut tracery is occa- 
Bionhlly used, but this can always be distinguished 
from the French by the mouldings. See Decobatkd. 

Flame ( (Jitem.) A flame is gaseous matter rai.sed 
to such a temx)erature by chemical action that it is 
iDcandescent. Two kinds of flame may be distin¬ 
guished—the luminous and non-luminous. The 
flame of a candle may be taken as a type of the 
former, and the flame of a Bunsen burner or of a 
gas Btove may be taken as a type of the latter. A 


candle flame can be seen to consist of (a) a blue 
region at the base of the flame, forming the outside 
X>art of the flame; {V) a dark inner region BUiroond* 
ing the wick and extending to some distance above 
it; (/J) a luminous region exterior to the dark region 
and interior to the blue region at the ba.se; (^) a 
brownish, nearly non-luminous sheath of small 
extent surrounding the luminous region above and 
merging into the blue towards the lower x^Ai’t of 
the flame. The dark inner region (i) consists of 
gases formed by vaporisation of the &t of the 
candle; these gases ure undergoing decomposition 
owing to the heat generated by the combustion 
going on in the two regions {a) and («i) exterior to 
the dark zone. Tliese gases can easily ^ syphoned 
off by a piece of narrow gas tubing aud burnt. This 
dark region (4) is comi)aratively cool. The higlily 
luminous region is produced by incomplete com¬ 
bustion of the gases of the dark region; here 
hy<lrocarbons, rich in carbon, are produced, and bum 
with a luminous llaiuc, and solid carbon separates 
and is raise<l to incandescenceJ*y the high tempera¬ 
ture produced by the processes of combustion 
occurring in this region. In the outermost vone the 
combustion is X'lactically comi<Iutcd, and this is the 
hottest part of the fhime; a thin phitinum wire 
introduced just within this region can be melted. 
A luminous gas flame is very similar to the caudle 
flame just described. A non-luminous flame can bo 
obtained by burning coal gas in two ways: (1) 
mixed with air or oxygen; (2) mixed with gases, 
such as nitrogen, carbon dioxide, hydrogen, etc. 
Hence it aiipoars that non-luminosity is iiroduct'd by 
the more complete combustion which occurs on 
burning coal gas mixed .with oxygen, and also by 
the diluting action of inert gases. In the Bunsen 
flame or gas stove flume these two causes act to¬ 
gether. The diluting gas nitrogen tends to lower 
the temperature of the flame; but the more comx)lete 
combustion which goes (.m throughout the flame 
more than counterbalances the cooling effect of I tie 
nitrogen. In the Bunsen or gas stove flame there 
are only two jiarts: an inner dark or bluish part iff 
uuhurned ga-. coi responding to the dark region (4) in 
the caudle flame; an o'lter, nearly nou-luminous [lart 
where coinhustion is c(m]>lete. The heated gases 
of the inner region are cajiable of bringing about 
Keul'Cing Beactxons ; that is, of abstracting oxy¬ 
gen from metallic oxides, etc. The top of the outer 
region and the outer maigin of it can effect Oxidis¬ 
ing Actions, e.g. change a metal to its oxide. A 
blowxiipc flame icsembles a Bunsen flame. In the 
coal-gas flame the outer purl, where combustiou is 
most active, is ijositively electrified, while the inner 
Xiart is negatively electrified. The gases escaping 
from nearly aU flames are ionised, aud thus have the 
power of discharging eleclriliod bodies. When 
certain metallic oxides are brought into a hot, iion- 
luminous flame, they become highly incandescent; 
e.g. the oxides of magnesium (MgO), aluminium 
(AljO,), calcium (CaO), etc. The Lihblight and 
the WEL8BACH Buuner are applications of this 
fact: in the former the oxyhydregen flame or the 
oxygen coal-gas flame is made to impinge on a 
cylinder of eiialk or lime; in the latter case an 
ordinary non-luminous air-coal-gas flame is made to 
I>lay upon a mantle composed of 99 iier cent, of 
thorium oxide ami 1 iier cent, of cerium oxide. The 
nitrates of these metals in the proper proportions 
are diasolved, aud a suitable fibre soaked in the 
solution; on burning away the fibre, a skeleton ■()£ 
the oxides remains. 
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F1 ub0 Plates (JSh^,') The part of a firebox on 
which the flames of the fire impinge. 

name» Seasltlve (PhyB.) A gas flame, when the 
ressore of the gas has been increased nntil the 
ame is on the point of flaring, is very sensitive to 
sounds, especially those whoso pitch is very high. 
Such a fiamo is frequently used as a detector of 
high-pitched notes. The gas pressure should be 
about 8 jn. of water, i.e, four times the ordinary 
pressure of the liouse supply of coal gas. 

Flan^ {Mittmg'). A Cornish name for a two- 
pointed pick. 

Flange (.Eng., etc.) A projection (usually with at 
least one plane surface) running round an object, 
e.g. the diselike projection at the end of a cast iron 
steam pipe, by means of which it is fixed to the ad¬ 
joining length of pipe or the projection running along 
a girder (q.v.) The term is also applied generally 
to any continuous flat surfaced projection which is 
(usually) at riglit angles to the main surface of tlie 
object to which it is attached. 

- or Flanged tShuck (Eng.) A face plate, 

i.e. a broad, »!isc-likc chuck whose ]>lano surface is at 
right angles to the axis of rotation. 

Flange Coupling (A'ai/.) A coupling or connector 
between two lengths of shafting, which consists of 
two castings resenibliug face plates with collars ; 
each is keyed to tlie end of its piece of shafting, and 
the two are fastened together b}' bolts. 

Flanged Beam or Girder (Efig.) A beam which 
in section is in tlie form of a letter 1. 

Flanged Nut (Alai/.) A Nn* (y-r.) with a flange 
resembling a Washkii (q,v.\ but made in one pic^" 
with the nut. It is .sometimes more convenient than 
a separate washer. 

Flanged Pipe {Eng.) A jiipe havi ng a flange (q.v.) 
at the end by means of which it can be bolted to a 
similar jiipc or seating. 

Flanged Rail (Eng.) A rail with a flat flange at 
the bottom tiy which it i.s fastened down (ef. tram¬ 
way mil.s); t!ic ordinary form of mil now used on 
must kinds of porniancnt way is revcnsible, known 
as the DonnLK llKAnin) IlAlJ., and has the same 
section at the top and bottom. 

Flanged Scam (Eng.) A joint (made by two 
flange.sj in a lurnacc tube, to allow of exiiaiision and 
contraction during lu-ating and cooling. The flanges 
^re connected by a ling of wrought iron, often dished 
or corrugated. 

Flanged Wheel (Eng.) A wlieel with a flange 
round it, e.g. an ordinary locomotive *or railway 
carriage wheel. 

Flange Joint (Eng., < tc.) Iron pipes havingflanges 
at their ends for bolting together instead of .spigot 
and socket. 

Flange* on Cylinders (Motor Cars, etc.) Flanges 
are cast on the outside of the cylindors of small 
air cooled taoloi's to increase the radiating surface 
and thereby aid in cooling tho cylinder; they are 
usually termed Bias or TIadiatino Bibs. 

Flanging (Eng.) The formation of a Flange 
(g.v.) by “up-setting" the end of a wrought iron 
tube by forging. 

Flank* (Build.) The sides of a structure, 
especially of on arch (s'.?'.) 

—— (Eng.) The lower part of the teeth of a spur 
wheel. 


Flank Wall (BvUd.) A side wall. 

Flannelatta (Textile Memufao.) A fabric wirit 
cotton war^ and a woollen weft; also a fabric oon- 
sistiug entirely of cotton, both being in 

imitation of woollen flannel 

Flap ( Carp.) In general, a hinged board; e.g. the 
part of a counter that lifts up: a trap door. 

Flap Trap (Build.) An iron flap on the sewer end 
of a drain. 

Flap YaJve (Eng.) A hinged valve ; sometimes 
wholly or partly made of leather. 

Flare Lard. A product obtained from the flare 
of a pig as opposed to the fat from the ham, breast, 
or back. It is chiiractcrised by the pronounced 
chisel shaped crystals of stearic acid which form on 
the evaporation of an ether solution, but which are 
scarcely distinguishable in soft lard. 

Flare Lime (Chem. Eng.) Lime produced iu.a 
kiln out of contact with the solid fuel. 

Flaser Structnre (freol.) A descriptive term 
applusl to sc.'iistose rocks which were formerly 
massive, and have been slieared or drawn out by 
tlilTerential movements of the earth’s crust during 
the earlier* stages in tho process of mountain naming. 
The edges of the rock fragments thus sheared have 
a peculiar stringy look like the frayed out end of a 
cord. The structure may occur in rocks of any age, 
but is most commonly met with amongst those of 
great antiquity. 

Flash Boiler (Eng.) A boiler in which water Is 
instantaneously converted into steam by injection 
into tubes heated to a high temperature. Flash 
boilers are often used in steam motor oars, as they 
occupy little space. See also lioiLEBS. 

Flashed Glass (/Jec.) See Glass MANtrFAOTirBB 
and Flashing (infra). 

Plashing (Ay?«iM.) Sheet lead or ziuc, used to 
make a w'ater-tight joint in the angle between a roof 
and a wall, or two parts of a roof meeting at an 
angle. 

-( Glass Manvfao.) Casing or coating one glass 

with glass of a different colour. 

Flashing Point to- Flash Point. A term chiefly 
aiiplicd to mineral oils to iuditsite the temperature 
at which the oil, on being slowly heated, will give 
off inflammable vapour in sufficient quantity to 
“ flash ■’ or ignite on the application of a light. When 
tho oil is further heated and contiijuo.s huming, the 
temperature at which this commetices is termed the 
“ fire test.” The methods employed for testing the 
flashing points of oils may' be divided into two 
classes, i.e. tho open test and the clo.se test, which 
in this oiiuntry are chiefly used for lubricating oils 
and illuminants respectively. In the former test the 
cup may be of any reason.ahle size, containing 
any convenient volume of oil, the “flash” being 
'tested by passing a small jet of gas over the surface 
from time to time. In the latter the size of the cup, 
contents, rate of heating, size of gas jet, and fre¬ 
quency of testing for the “ flash ’’ are all precisely 
defined; and corrections have to be made for barcA- 
metric pressure in relation to vapour tension. The 
standard instrument in this counl^ is known as the 
Abel Cvp. Most countries have stringent laws as 
to the storage and sale of mineral oils based upon 

15 
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what is considered the safe flashing point. In this 
country the Government minimum test for burning 
oils is 73° F. (clo$e and applies essentially to 
imported oils, all the home production being well 
over 10(»“ F. (Abel). The 73° F. standard is consider¬ 
ably lower than in most other countries, and efforts 
have frequently been made to raise it to 100° F. by 
legislation, but without success. The flashing point 
of other liquids besides mineral oil is sometimes of 
importance, as in the case of paints th.at arc to be 
used in a confined space, such as a ship's cabin, where 
the accumulation of volatile materials given off by 
the special paints sometimes employed has given rise 
to serious accidents. Special official directions have 
recently been issued for testing such paints, metal 
polishes, etc. 

Flask ( Chem., etc.') A hollow vessel of thin glass, 
with a constriction or “ nock ” at tlie top. Flasks of 
many forms are very largely used in chemical and 
other experimental work. 

- {Eng.) The box in which sand is placed in 

the foundry to form a Mould {g.v.) for tlie .smaller 
sized castings. Flasks are made in two or more 
pieces which can be separated to enable the I’axtbbn 
{q. r.) to be withdrawn. 

Flasques {Ifer.) A diminutive of Flancues ; also 
calleti voiders. 

Plat (Enild.) A flat roof or part of a roof covered 
with lead, copper, or zinc. 

- {Mmic), A sign \f indicating that a note is 

to be lowered a semitone^ 

Flat Backs {Bind.) Whole bound or half bound 
books whose backs have the leather firmly glued or 
pasted to themu The style is nearly obsolete, except, 
in the case of books subjected to great wear and 
tear, e.g, lencling-library hooks. At present the 
leather is not usually connected to the back of the 
book; this prevents the back from creasing, and 
causes the book to open better. 

Flat Joint {Build.) A moitar joint flush with 
the face of the wall. 

- Jointed {Build.) A flat joint with a groove 

made with a jointer {q.c.) 

Flatnesa of Field {PJiaio.) A lens is said to give 
a flat field when the image of a distant object is 
equally in focus, whatever part of the screen it 
occupies. A small stop helps to correct want of 
flatness to a huge extent. 

Flatness of Image ( Pnotc.) An image wliich is 
weak and wanting in vigour; usually an effect of 
over exposure or poor lighting. 

’Flats {Eng.) Iron bar of rectangular section, one 
side of the rectangle being considerably larger tlian 
the other. 8 till thinner bars are usually termed 
8TBIP IBON. 

Flattener {Glass Manufac.) The workman whose 
duty it is to flatten cylinders into sheets. See Glass 
Masopaotube. 

Flatter {Eng.) A broad-faced tool nsed for pro¬ 
ducing fbt surfaces in forging. It is held by a 
hammerlike handle and struck by a sledge hammer. 

w Flatting {Bee.) A method of finishing painted 
work without gloss. This is effected by omitting oil 


and thinning wholly with turpentine, a little varnish 
being added to bind the pigment together. As a rule 
the best results are obtain^ by using as a foundation 
a good glossy ground, and filching with a coat of 
flatting. * 

Flaonchinl or Flaunced Vork (Build.) The 
cement iillct round the bod of a chimney pot. 

FlaTaniline {Chem.) 



(o-para-amidophenyl-y-methylquinoline). Colourless 
needles sparingly soluble in water, easily soluble in 
alcoJioI; melts at 97°. Obtaingf^ by heating acetani¬ 
lide with zinc chloride, and by condensation of 
ortho- and para-amidoacetophenonc. Its hydro¬ 
chloride and its sul phonic acid were at one time 
used as greenish yellow dyes. 

Flavanthrene. See Dyes and Dyiauft. 

Flavine. Sec Dyes and Dyeing. 

Flavone ( Chvni.) 


(/3-phcnyl-7-benzoi)ynine). The stem or parent sul>- 
stauce of a number of important naturally occurring 
.sub.slances, some of which are dves. OiiBYSSiN 
is 1:3 dioxyflavone; forms pale yellow needles, 
and occurs in the bticl« of tlm poplar. Ai'iUBNlN 
is 1 : ,S: 4' trioxyflavoue, and occur.s as a glueoside 
(apiiii) in p<'»rsley and cidery; it is also pale yel¬ 
low. Litteoli n is 1 : 3 : .3': 4' tetroxyflavone; is the 
colouring matter of Wald, au imiiortant beauti¬ 
ful yellow dye-stuff. Quekcetin is a : 1 :3 : 3': 4' 
pentoxyfiavone, and occurs a.s the gluoi»side quer-* 
citrin, which is found in the dye wood quercitrin 
bark, in tea, oni^ms, liorse che.stnut, etc. It is a 
'■aluable yellow dye. Fisetin and MoKiN are 
respectively o: 3:3': 4' tetroxyflavone and a: 1: 3; 
2'; 4' pentoxyflavone, and are the colouring matters 
of young fustic and old fustic. 

Flavopurpurln. See Dyer and Dyeing. 

Flax. Linum usitatissimuni, (order, Linaeeee), 
The macerated bast fibres of the stem form the flax 
used in the manufacture of linen. The seeds are 
the well known Linseed. The fibre of the flax plant 
has been used for manufacturing purposes since the 
time of the ancient Egyptians. From the botanical 
name “ Janum ” we get “ lint ” and “ linen.” The 
German name is "Flachs," and Dutch “Blascb.” 
The fibrous portion is the inner bark, or rather lies 
between the bark and stem, surrounded by gummy 
matter, which is removed by “ retting ” (qa.) See 
Linen Manufactubb. 
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Tlii6hA(.AroM^ctJi A wooden 
spire, usaally situated on the 
ri^e of a roof. 

Fled Wave Ware is 

described as ded when at any 
stage of its manufacture after 
the bisque flring.it cracks spon¬ 
taneously. This is generally 
caused by cither too rapid heat¬ 
ing or too rapid cooling at one 
or other of its burnings. 

Fleece QVoollen Mamifoo.") A 
term applied to the wool when 
clippetl from the sheej)’s back. 

Fleece Wool ( Woollen Manu- 
fac.) Wool grown subsequently 
to yearling. 

Flemish Bond {Itvild.) Each 
cour.se of bricks belonging to 
this class of bond consists of 
“headers” and •* dtretchers ” 
placed alternately. Fhiiuish 
B(jud may eitlujr be single or 
double. In the former the wall 
is fiiecfl with bricks arranged in Flemish and hacked 
with English bond, while in the. latter l)oth the 
facing and backing are Fletniiih. 

Flemish School of Pa'inting. iSee Painting, 
Schools of. 

Fleshing (^Leather Manvjtic.') Ilemoval of adher¬ 
ing flesh or fat from a skin previou.s to further 
trtjatruent. 

Flesh Side The side of a leather belt which 

fornjed the internal surface of the hide. This i.s tJic 
side which cemes in contact with the pulley and 
driving wind. 

Flesh (Lpalhir Mavufac,) Sk’c Bag Hides. 

Fleur de Lis. The heraldic lily; a conventional 
fltiWer einbleni ef France. Tlie three lilic.s of France 
appeared on the .Arms of Engl.and from 1299, when 
Edward 1. married Ibirgaret of Aiijoo, until 1801, 
when the union of Great Brit.oin ami Ireland took 
place. 

Fleurettee or Florettee {Her.') Ending in 
flenr de lis. 

Fleurie (Her.) Ending in tliree points. 

Fleuss Pump. Aiu Pumps. 

Fleuss Tyre {Oyelc). See 1 niES. 

Flexed {Her.) Curved or bowed. 

Flexible {Bind.) Applied (a) to .small Prayer 
books, Bibles, etc., sewn with silk to silk cords; anti 
(ft) to music, etc., bound without sewing, the hacks 
of the leaves being cemented together with an india- 
rubber solution, thus ensuring good flat opening. 

Flexible Coupling A coupling iq.r.) which 

enables two shifts not in the same straight lino to be 
connected so as to turn together. It usually con¬ 
sists of a ball and socket joint; but a IlooKB’s 
Joint (q.v.) is sonjotimes used. 

Flexible Shafting. See Hhafting, Flexible. 

Flexible Tobing. See Tubing, Flexible. 

Flexure or Bending. The bending of a beam is 
measured either by the deflection of a given point in 
it from a straight line, or by the curvature which it 
acquires under the action of the load. 


Flier {Joiner if). A step parallel in its width. 
Balanced Steps amd Diminished Flies. 

Flight {JiuUd.) A number of oonseentive steps 
between a floor and landing. 

Flints {Oeol.) Nodular concretionary masses of 
imjiure chalcedony, which represent what was 
formerly silica of organic origin dispersed through¬ 
out its matrix. The most familiar examples in 
Britain occur in the Chalks ; but flints are of common 
occurrence in other limestones, oven of Tertiary age. 
M uch of tlm silica under notice was formerly part of 
the organic structure of sponges. The silica has 
been dissolved by percolating water, and redeposited 
around some organic nucleus at a lower level. It ia 
frequently formed by replacement of its matrix. 

Flint Wave {Pet.) The name applied in the 
United States to stone ware. 

Flitch {Bug., Build., etc.) A piece of metal or 
wood fixed to a beam,etc., to add to its strength. 

Flitch BeamorFlitched Beam {Bng., Build., etc.) 
A ^voo^len beam built up round a core, plate, or 
central piece of wrought iron, the whole being held 
together by bolts. See also Floobs. 

Flitch Plate {Bng^^ Build., etc.) A flitch (jq.v.) 

Float {Bug., etc.) A floating object (wood or a 
thin hollow vessel of metal) which is used to indicate 
the le\ el of water, etc., in a boiler or tank. It u.sually 
actuates some form of dial or pointer, on which 
divisions representing the level of the liquid are 
marked. 

- {Motor Cars). A hollow vessel, usually of 

thin sheet metal, which floats on the surface of the 
motor spirit Tu one of tlie chambexs of a carburetter 
(jf.'p.), and by rising and falling with the variations 
in deptii of the spirit, act.s on a valve and controls 
the supply. See also Fpuay C'abbubetteb. 

- {Blast.) A flat rectangular plate of steel, 

with a liandle fixed on one side, used tor smoothing 
flat surface.^ of plaster, 

- {Textile Manvfac.) A defect in weaving 

which gives an irregular appearance to the cloth. 
Also a term used in designing to denote the number 
of ends or picks a thread passes over, i.e. four pick 
float, etc. 

- or Float Cut File {Bng.) A file with only 

one scries of teeth, which do ixot cross, as in the 
ordinary file. Set; File. 

Floated {Build.) The surface of plaster which 
has iiecn finished with a float. 

Floating Bridges {Civil Eng.) Bridges carried by 
boats or pontoons {q.v.\ used for temporary purposes, 
or in cases where openings have to be made for the 
passage of vessels, or where a good foundation cannot 
bo obtsuned. One of the best examples is at Cal¬ 
cutta; this bridge is 1,5.30 ft. long and 48 ft. wide, 
and is carried on twenty-eight iron pontoons. Th© 
bed of the river Hugli is so loose and the current so 
rapid that pxmnanent foundations are not practic¬ 
able in t his case. 

Floating Card Compass. A magnetic needle to 
which i.s ftxcil a card, which turns with the 
ncerilc. The card is divided into degrees ; a line on 
the card marked N and 8 points due north, i.e. makes 
an angle with the needle equal to the magnetio> 
declination (q.v.) at the place where the compass'isto 
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be used. Thus, instead of reading the deflection of 
the needle relative to the card, as in an cudinary 
compass, the deflation of the card relative to a fixed 
mark on the inside of the case of the instrument 
is read. 

Floating Hill Wheel. An undershot wheel carried 
by a boat or raft and actuated by the current of a 
river in which it is moored : a contrivance not often 
used.» 

Floating Reef {Mining'). Loose masses of ore 
disconnected Irom the principal vein. 

Floating Vessel {fflam Manvfac^ This is made 
of fireclay, and consists of two or three compartments. 
Used in tank furnaces for refining the metal. The 
molten glass enters at a depth below the surface of 
the metal in the tank, and is withdrawn therefrom 
by the gatherer. 

Floats or Float Boards {Eng.) The ranes or 
paddles of a paddle wheel or undershot (g.v.) water 
wheel. 

Float Stone (Min.) A porous variety of silica 
oontaininc so much air that a piece will lloat on 
water. Found near Paris. 

Floch Paper (Doc.) A wallpai>cr with a raised 
surface, formed by iJrintiiig 11 >e pattern witli gum or 
otheradli&sivo material and dusting on tine .shreds of 
plain or coloured wool. In “silk docks” the wool is 
replaced by silk shre<ls. Flock papers are not now 
used to any considerable extent. 

Flogging (Eng., Carp., etc.) A term for the 
removal ot the rough surface or of large pieces of 
wood, metal, etc., while the piece of material is being 
cut approximately to shape. 

^ Flogging Chisel (Eng.) A large cold chisel occa¬ 
sionally used in heavy cutting. 

Flong (Stereotyping). Flong is used in the pajrier- 
maelie process of stereotyping. It is composed of a 
number of layers of tissue and blotting papers used 
alternately, with paste or composition between. In a 
plastic state it is idaced upon the form, and its sur¬ 
face beaten until an impress of the face of the typi- 
is obtained. When haidcncd, it becomes the mould 
from which a stereotype plate is produced. 

Flood (Meteoroid Owing to cxce.ssive rainfall, 
rivers, lakes, ponds cannot be restricted to their 
banks, and the overflowing of the water causes 
floods in the region.^ around. 

Flookan or Flacan (Mining). A vein containing 
a great deal of clay. 

Floor (Foundry), The sand bed which forms the 
floor of a foundry; it serves as a reservoir of rough 
sand, and also a.-. t!ie receptacle for large moulds in 
making heavy castings. 

Floor Cramp. A cramp for squeezing floor boards 
together whilst being nailed. 

t 

Floors. The simple.st kind of floor is that known 
as a Single Floou (flg. 1). This is used in cases 
where the span is not more than 15 or 10 ft. It 
consists of a number of Common or Bridging 
Joists aaa, whffse ends rest on a Wall 1*].ate b, 
which rests either on an Ofi'SET or ledgo as shown, 
or on corbels (g.v.) specially built to carry it. On 
the top of the joi.stB are nailed the Floor Boards 
OCO, The joists are usually from 8 to 11 in. deep, 
and are set about 1 ft. apart. The laths which cany 


the ceiling below the floor are Either nailed to the 
joists or else to small Ceiling Joists dd. When 
the span is large, common joists would not be sufSoi- 
ently strong to be used alone ; in this case heavier 
timers are used to support the euas of the oommoa 



joisfc at convenient iiositious; the combination is then 
termed a Double Floor ((ig. 2). The joists AA 
rest on the larger timbers or Binders, one of whiesh 
is .shown at EE. The binder may be notched, as shown 
.at F, or the notoli may be made in the joist only, 
which is the preferable method, as it does not 


Ellxi 



we.Tken the binder. A doable floor usually has ceil¬ 
ing joists DD, vvl-ich are oiten fixed to the binders 
by means of a Chase Mortice, a mortice into which 
the tenon can be inserted by sliding it along a groove 
or Chase. For very large .spans a double floor is 
superseded by a Double Framed Floor (fig. J and 



fig. 4). AAA are common joists resting on binders 
bee: The binders are supported by a Uibdbb G. 
In fig. 4 is shown a cross section of a FlitohGibdbb, 
consisting of two half-timbem hh placed with the 
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heart*wood outwards aad strengtheoed by an iron 
plate X, termed a FutOH Plats, the whole being 
aecnied by bolts which fasten the timbers and iron 
^te together, The binders may be morticed into 
the girder by means of a Tusk Tenon (q.v,), or may 
be snpported by an iron stirrnp or bracket which 
rests on the girder. The latter method is preferable, 
as the strength of the girder is not diminished by 
cutting a mortice in the material When an opening 
has to be made- in a door, e.q. round a staircase or 
fireplace, the joists aro I'BiarMED, i.e. supported by 

& 



Flour (jFbods). The tern fionr, without any modi¬ 
fication, generally means wheat floor. This is divided 
into two groups—^white wheat and dark wheat. The 
colour in the latter oase is due to the presenoe of 
bran. A good flour should be quite white, and npt 
gritty or lumpy. It should not taste acid, althou^ 
when tested with paper (litmos) the reaction shoim 
be slightly acid. Flour is adulterated by (a) the 
dour of other grains and (d) mineral sabstances. 
In the drst section w* have barley, maize,, peas, 
rice, oats, etc.; and in the second, alum, gypsum, 
carbonate of magnesia, carbonate of calcium, etc. 
Detection of these adulterants is obtained by micro¬ 
scopic and chemical examination. See aUo Bbkad. 

Flooring The spoiling of the mercury used 

in gold extraction by absorption of impurities from 
tlie ore. 

Flow trr Flow Pipe. The pipe by which the water 
lcave.s a boiler. Used to heat a building, etc. 

Flowers of Sulphur. Finely divided sulphur, 
obtained by sublimation 
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intermediate timbers, as shown in dg. 3. These 
timbers or I'bimmeiis are shown at ll. The joist M 
is termed a Tuimming Joist, and is made of greater 
thickness than the c-onimon joists, in order to enable 
it to carry tlie extra load thrown uiK)n it. In dg. 3 
it will be seen that the ends of biudejs and girders 
alike are earned in openings *or 1'ockbts in the 
wall, and are not built in. The timber rests on a 
stone base or template, and the top of the pocket or 
ojieuing may be formed by a single stone or by a 
small arch, so as to allow a free play of air round 
the end of the timber. 


Floor Space {JJygietie'). To deal effectually with 
the problem of maintaining 1 ho air of rooms in a j>urc 
onndltion, an adequate allowance of door space is 
essential. At the lo\ve.st it should not be less than 
one-twolfth of the eiit>io space. Set out below will 
bo found a minimum door space for different insti¬ 
tutions : 

1C sq. ft. for each adult male. 


Tents and vans 
Schools . 


10 

„ . . . 8 

Artisans’ dwellings 150 
,, « 120 
„ «o 

Hospitals . . 120 


per scholar (elder). 

„ (infant), 
in living room. 

„ bedroom (adults). 
„ „ (children). 

I)er bed. 


It is of great importance that a good door space 
should be provided per bed in hospitsls, to ensure a 
Bupvdy of pure air, and for facilities for nursing. 


Flopou {Mmiriy). Fine tin ore. 

Florentine Mosaic. Mosaic work formed by 
inlaying small surfaces of marble with precious 
stones, such as chalcedony, etc. 


Florentine School of Painting. See Fainting, 
Schools of. 


Florid Qothie CArchUert.') See PEBFENDicuLAit 
a 7 td Tudor.' 

Floe Ferrl (ATtw.) A variety of aragonite (y.v.) 
occurring in coralloidal masses, usually of a white 
or faint brown colour. The name is derived from its 
association with iron (In the mines of Btyrin). Other 
localities are Bilvera Band Mine, near Milbum, and 
Bondale Mines, near Dufton, in Westmoreland, and 
the mines of Wanlockhead, in Damfriesshiie. 


Flowing Tracery CArchUect.) See CURVILINIQAB 
and Dkcorated. 

Flue JBuild., etc.) A general term for a 

passage through which smoke, etc,, escape from a 
furnace or lire. In boilers the dues are commonly 
utilised as part of the heating surface. See Boilers, 

Flue Bridge (.Sng.) A barrier of drebiick placed 
BO as to dcdei:t the dames and hot gase-s in a furnace. 

Flue Work (Mmie). All organ stops not belonging 
to the Heed f.amily. Flue work is subdivided into: 
(1) rrincipai work, (2) Flute work, (3) Oedact work. 

Flailing (^Leather Maimfae.) The process of 
rubbing the skin on a revolving emery wheel to duff 
it, i.e. make it smooth. 

Fluffy {Carp.) Timber which cats up in a 
“ stringy ” manner. 

Fluid. A duid ifi a substance which is unable to 
resist the action of any force (however small) 
which tends to change its shape. See LIQUID 
ayid Oas. 

Fluidity. The property of dowing easity and 
readilj': the opp.)site of visoonity. 

Fluid Ounce. See Weights and Measubes. 

Fluke {Mining). A rod n.scd to clear out holes 
wJiicii have been drilled to receive a charge foj! 
blasting. 

Flume {B^iig., Mining, etc.) A channel (usually 
open at ttie top) for carrying water, e.g. to a mill¬ 
wheel, etc. 

Fluorene {Chem.) I > CH, (diphenylencme- 

thane). Colourless needles showing a violet duo- 
rcscence ; melts at 113° C. It occurs in that fraction 
of coal tar which distils from 300 to 306° C. It is 
formed by passing the vapour of diphenylmethano 
through a redhot tube. Bifluorsnb (bidipbenylene 

ethylene) I I , formed when dnorene 

c.h/ \c,h, 

is heated with bromine, is remarkable as being a 
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coloTiFcd hydrocarbon; it crystallises in beautifol 
red needles. 

Flaoresoein {Chem.) HO. 

'O 

C„H,CO 

Dark yellow crystalline solid; insoluble in water; 
soluble in glacial acetic acid. Obtained by heating 
resorcin with pbthalic anhydride (q.v.), alone 

or with sulphuric acid or zinc cliloride. It dissolves 
readily in alkalis, forming a salt, and the solution has 
a yellowish brown colour, with a magnificent green 
fluorescence. It is used as a dye. Eobik and 
Bbythbobin. 

Fluorescence. A number of substances, when 

g luminated by light of certain wave length, emit 
ght of greater wave length (and therefore of 
different colour). This property is termed Fltjo- 
KESCKNCB, and is possessed by fluorspar (from 
which the name is derived), certain organic com¬ 
pounds, e.ff. eosin, quinine, fluorescein, and also by 
a number of salts. 

Fluorides QChem.) Salts of Htdhofltjoric 
Acid (g.r.) 

Fluorine, F. Atmnir rrciglit, 19. A gas sinular 
to, but lighter in colour tlian, chlorine. Has a 
powerful and irritating odour; is liquefied about 
— 185®, forming a yellowish liquid. It is obtained 
by electrolysis of hydrofluoric acid, to which a little 
potassium hydrogen fluoride has been added. Plati¬ 
num or copper vessels must lx; used throughout. It 
is the most reactive element kiunvn.. Unites with 
hydrogen with cxplo.sion. Most other elements burn 
in it, forming fluorides; but oxygen and nitrogen do 
not combine with it. Ghias is instantly decomposed 
by it. Silica becomes redhot in it, and organic 
compounds are immediately decomposed. In all case.s 
fluorides are formed. I iquid fluorine is less active ; 
it does not attack gla.ss. Gaseous fluorine pji.ssed 
into liquid oxygen forms a white flocculent precipi¬ 
tate, which deflagrates violently when its temperature 
rises. 

Flnorspar (lf<«.) Calcium fluoride, CaF.^. 
Calcium = .51:1, fluorine 4S'7 per cent. Cubic; in 
crystals of a great diversity of colour, most com¬ 
monly blue, green, or yellow. It cxhibit.s fluorescence 
and phosphoresce nee when heated. With sulphuric 
acid gives off fumes of hydrofluoric acid, in the 
manufacture of which it is used. >Sonictimcs used as 
a flux. The massive varieties are used as ornamental 
stones. From Alston Mo,»r, Derbyshire, Cornwall, 
the Harz, Bohemia, many parts of North America, 
etc. 

Flush i-Enf/.") At the same level; forming xiart of 
the same suriaee. 

—— (Myg'ienti). The water that flushes out a 
closet pan, etc. 

Flashing (ISng., He.) Clearing out a space by 
passing a quantity of water or air througli it. Drains 
are flushed by clean water. A gas engine cylinder is 
sometimes flushed or cleared of the products of 
combustion by driving a quantity of jiure air 
through it. The valves of automobile motors are 
•‘flashed” with spirit to wash grit or deposit from 
the Beatings. 

Flush Joint {BvMd.) See Flat Joint. 



Flush Panel A panel that is level with 

the framing; i.e. one whose surface lies in the same 
piano as that of the framing. 

Flush Tanks, Automatic {Hygiene). It is not 
always possible to give the sewers and drains suffi¬ 
cient fall to make them self-cleansing. Under these 
circumstances the normal flow of sewage should be 
supplemented by automatic flush tanks. They should 
be placed at the head of the drain, and made to 
discharge at whatever intervals are found necessary. 
Of the many forms on the market, Field’s flush tank 
(y.v.) takes the highest place. The use of those 
tanks is also of considerable value in schools, public 
buildings, and cbalcts. 

Flute. See Musical Instruments : Wind 
(Wood). 

Flutes (Arrldtect.) The vertical hollows formed 
in the shafts of classical columns and pilasters, 
either with or without fillets. See Architecture, 
Orders ok; Cable. 

- {Carp.) The cylindrijal sinkings cut in a 

column, bracket, or inlaster. 

- {Glass Manvfac.) Tlie furrows in rolled 

plate glass. 

Flute Work {Music). The flue stops of an organ 
not belonging to the principal or gediicl work. 

Fluting {Eng., etc.) Parallel grooves, of any form 
of cross section, in an object. Tliey may be merely 
omament.nl or may serve .some u.seful pui’pose, as in 
a llliAMEE (?.«•), in which they often form cutting 
edges. 

Flux {Elect.) The total number of lines of force 
which piiss througli any gjreu space or cross any 
given area. 

- {Met., ahem.) A substance n.scd to facilitate 

the fusion and subsequent sepaiation of impurities 
in motiillurgical and soldering oper.ations. Thus in 
the bliist furnace, when clay ironstone is the ore, 
limestone is iiddcil to form a fusibly sl:ig of a double 
calcium and aliiininiuin silicate which is easily separ¬ 
ated from the iron. In welaing iron, sand, which 
is an easily fusible silicate of iron, is used as a flux 
to remove the oxide of iron; in brazing, borax is used 
as a flux because it easily dissolves metallic oxides. 
Ilesin, sal-ammonia, and “ killed spirits ” (zinc chloride) 
are used in soldoring. Black Flux, often used in 
blowpipe opei-ations, is a mixture of potassium car¬ 
bonate and carbon. 

- (Pottery). A material composed of agents 

that will melt at a coriipiiratively low temperature, 
such as alkaline salts, in combinafjon with silica, 
lime, or lead. It is used in the formation of glazes 
and enamel colours. In the form of lime it gives 
trauslucency to porcelain. 

Flux Density (Elect.) Tlie Flux (g.v.) per unit 
ari'a, i.e. the number of lines of force which pass 
through a unit area placed at right angles to the 
lines. 

Ply (Clocks). A fan used to control the speed of 
a running train of wheels, as in the striking trains 
of a clock. It is usually a rectangular sheet of thin 
metal, fitted spring tight on its pinion in house 
clu(;ks, or with a ratchet and click in turret clocks, 
so that it may continue to move until its energy is 
expended and without injury to the mechanism of 
the clock, after the pinion has been arrested and the 
train locked. See Batchbt and TRAIN. 
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Fly {Woollen Manvfae^ The fibre given oS 
various rollers in carding ; also applied to the 
Fancv (g.e.) 

Fly Battra {8UJt Manufac.) See Battbit. 

Fly Catten (^.) Ecvolving cutting wheels, 
such as are used in a milling machine, for shaping 
small objects to a special form. 

FIf Frames {Cotton Mmufae.) A general term 
applied to Blubbing, intermediate, roving, and jack 
frames. Sometimes also termed speed frames. 

Flying Buttreas 

{Architect.') A form 
of buttress frequently 
used in Gothic 
churches to take the 
thrust of the nave 
vault. It consists 
of a vertical buttress 
placed on the externa' 
wall of the aisle and 
connected to the naw' 
wall by means of an 
arch. 

Flying Shore 

{Build.) A horizontal 
shore. 

Fly Leaf {Bind.) 

See End I’afehs. 

Fly Nat {Brig., etc.) 

A nut with wings to 
enable it to bo turned 
by thumb and fingers. 

Fly of a Flag. The 

lengtli tliat it extends Flvino BrtTRRSs, SALism/iiY 
from the staff measured Catheuual. 

along the edge. The 

mea.>^^lremont along the edge iiarallel to the staff 
is termed the “ Dip.” 

Fly Press (Buff., etc.) A press in w'hich a die is 
driven by a screw working vertically tbrongh a 
fixed nut, the screw carrying heai'y loaded arms. 

Fly Shuttle ( Textile Manvfac.) The method of 
picking {q.v.) invented by John Kay. 

Flywheel {Bug.) A heavy rotating wheel. It 
serves as a store of energy, and helps to maintain a 
steady rate of rotation of the shaft of the engine or 
other machinery to which it belongs. The size of a 
flywheel, or more exactly its Moment op Inektia 
(^.r.), is determined by the normal speed of the 
engine and by the fluctuations tif speed which arc 
permissible. An engine which is required to run 
very steadily, i.e. with very small fluctuations of 
speed, as in the case of an engine driving a dynaino, 
requires a heavier flywheel than one where varia¬ 
tions in speed are of small importance. 

F.O.B. Free on board; applied to goods which 
the seller undertakes to deliver on board ship 
without any charge for carriage or loading. 

Focal Length of a Lens {Phys.) The true focal 
length of a lens is the distance from the principal 
focus {q.v.) to the nearest principal point {q.v.) In 
the case of a thin lens it is suflaciently accurate 
to measure the distance from the surface of the 
lens itself to the principal focus. 

Focal Planes of a Lena {Phye.) A pair of planes 
drawn through the Pbincipal Font {q.v.) of a lens 
at light angles to the axis. 


Fooas {Phyg.) The point towards which rays 
converge or from which they appear to diverge. 

-, Principal (Phyt.) A pencil of parallel 

rays of light after incidence on a mirror or lens 
is caused to converge towards a single point or to 
appear to diverge from a single point. Tins point is 
caUed the Pbincipal Focus of the mirror or lens. 
In the second case the principal focus is YiBTVAL, 
in the first case it is Beau. 

Focassing. The adjustment of the position of 
certain parts of an optical instrument, e.g. the eye* 
piece of a telescope or microscope, or the lens of 
a camera or lantern, in order to obtain a clearly 
defined image. 

Focussing Lens {Lantern). In lantern work 
the objective is often so termed. See Laktbbk 
OBJBcrrivB. 

t 

- {Photo.) A magnifying glass by means of 

which the image on the ground glass screen of a 
camera is examined, in order to obtain the most 
exact position in focussing. 

Foehn Winds {Meteorol.) The name for warm, dry 
winds or liot waves peculiar to some mountainous 
regions, as the Aljis in Switzerland. 

Fog {Photo.) A general name for a darkening of 
parts of an image, usually through the improper 
action of light; occa.sionally “ chemicsil fog ” is 
produced by some fault in the composition of the 
solutions used. See Gubek Fog, Bbd ITog, Gknbbad 
Fog. 

- {Meteorol.) Wlien air is cooled just below 

dew point, then fog, mist, or cloud occurs. Dust 
particles in the air accelerate the formation of fog; 
hence the frequency of fogs in large cities due to the 
small particles in smoke. 

Fogbow {Meteorol.) A colourless or “ white ” rain¬ 
bow occasionally formed on a mass of thick fog. 

Fog Image {Meteorol.) The shadow of an observer 
cast on a fog or cloud bank by the sun. 

Foils {Architect.) The leaf shaped sjiaces between 
the cusps used in Gothic trai'ory. Bee CuSP, The- 
POiL, Quatbepoil, Cinquefoil, and Multipoil. 

Fold {Woollen Matiufae.) The term applied to 
yarns composed of two or more thread.s. 

Folded Taras {Cotton Manvfac^ See Doubling. 

Folding Doors {Joinery). A pair of doors with 
ral)b(!ted (rebated) meeting styles. 

Foliated Structure {Geol.) Rocks which have 
been sheared under great pressure deep within the 
Barth’s crust during the earlier stages of mountain 
making nearly always show a banded arrangement 
of their constituents. Thus bands of felspar may 
alternate with others of mica, hornblende, or other 
mineral.s, and impart to the rock a pseudo-stratified 
appearance, which needs to be distinguished in some 
way. All gneisses and most schists are foliated rooks. 
The structure is due, iu some cases, to chemical 
changes which have taken place during the shearing 
process. 

Folklore Weather {Meteorol.) A saying with 
reference to apjjroaching weather as foreshadowed 
by certain atmospheric condition? on objects animate 
and inanimate. 

Follicle {Botany). A dry dehiscent fruit resembling 
the pod, but opening on one side only. Aggregations 
of these fruits are seen in the columbine, monks¬ 
hood, etc. 
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Folllele(^^.) ABinallfiaolikecavityorieoeptacle; 
the small pit In which the root of a hair is con¬ 
tained, or the stractnre which sarroonds an Ovum 

Follower iJSng,') A toothed wheel which is driven 
by another wheel, termed the Dbivku. 

Fontainebleau Limestone {_Oeol.) A variety of 
calcite containing a large admixture nf sand. From 
Fontainebleau in France. The percentage of sand 
may be as high as 80 per cent. 

Food, Adulteration of {JTygime). See Adttltmia- 
TlON OP Food. 

Foods {HygimL^. All food constituents may be 
classified as (1) nitrogeuon.s, (2) fats, (.'{) carbo¬ 
hydrates, (4) salts, (5) water. (1) Nitrogenous foods 
include the albumens, and are necessary for the nutri¬ 
tion and repair of the tissues. Urea and uric acid 
produced in the system from nitrogenous foods are 
eliminated by the kidneys. When these are taken in 
excess it leads to a gouty condition. If too little 
nitrogenous food is taken, debility and loss of energy 
is produced. (2 and 3) Fats and tairboliydratc^!, or 
starches and sugar, are ncces-sary for tlje production 
of force and heat, and are eliminated from the body 
as CO^ and water. The amount of tlie.se tjiken should 
depend on the amount of work done. If a large amount 
of muscular exercise is taken, tliere is a con ospond- 
ingly great increase in the elimination of 00.^ and 
water. The starches and sugars axe more easily 
eliminated than fats, but have not the same nutritive 
value. (4) The salts required for growth and nul.iition 
are lime, potash, soda, and small quantities of iron. 
Phosphates, cliloride.s, and the nitrate.s and citrates of 
organic acids are also necessary. (5) Water in con¬ 
siderable quantity is al.so required, as it is contained 
in all the tissues of which the body is composed. 
The amount of nitrogenous food, f.it, carbohydrates, 
and salts necessary per diem for an aveiago man 
varies according to the amount of work done, hut the. 
following table (according to Whitlegge) may be 
given as a guide: 


yitro- 

gonouB. 


Flit. 


[ CnrlKi. 
Ihydnitea. 


Suits. 


I CiitiliiiniiiK 
!.\iriogcu.|C!irlxin 


Hest . . 3 oz. oz. 

Moderate 

work . 4i „ - „ , — 

Hurd work 6 „ 4} ,, | IS 


oz. jsOOgr. tiOOOgr. 

SOO ,0,000 „ 

400 0,000 „ 


The following figures may ho taken as the average 
of the above, andean be remembered rcj*dilv: Nit¬ 
rogenous, 6 oz.; fat, 3 oz.; carbohydrates, 15 oz.; and 
salts, 1 oz.; containing360gr.nitrogen and 6,000 gr. 
carbon. The above amounts are calculal,ed free from 
water, and as most foods contain water, the actual 
weight in food stuffs will be nearly 60 oz. To tins 
has to be added a further 40 to 50 oz. of water, 
which is necessary for digestion and assimilation <i£ 
the food, as well gs for the removal of effete products. 
Tables have been constructed showing the amount of 
water, albumen, fats, carbohydrates, and salts 
occurring in the chief articles of diet, and from these, 
by simple equations, the amount of each article of 
food necessary can be readily calculated. For 
example, how much bread, butter, and milk will 
be required to make up the average amount of 
albumen, fat, and carbohydrates 7 Bread contains 
8 per cent, of albumen and 60 per cent, of car¬ 
bohydrates ; milk conMns 4 per cent, albumen, 
3 per cent, fat, and 4*6 per cent, carbohydrates; and 


batter contains abont 80 per cent, pure fat. Let 0 
be the amount of bread, y the amount df milk, and z 
the amount of batter required, then 

Sa-+ 4y Sy + 80.; ' 60j8 4 -5v 

-T0(r“®- “ 100 ~“ 3 . — 

Working out these equations, we find that the amount 
of bread required is about 22 oz.; butter, '7 of an oz.; 
and milk, 81oz. A more complete dietary can be worked 
in the same way if the percoutage composition of the 
foods selected be known. The quantity of food, and 
consequently the amount of the proximate consti¬ 
tuents will necessaiily vary aoooiding to the age, 
sex, and t he work at which the individual is engaged. 
Besides being sufficient in amount, there must be a 
certain variety in the food taken. It must also be 
palatable, and for this purpose the various condi¬ 
ments are necessary. The food must likewise be of 
good quality, and the legislature has given powers 
to local authorities in the rublio Health Acts to see 
that all foods exposed for sale or deposited in any 
place for the purpose of sale are fit for human food. 
fJattle are subject to certain specific disi'ascs which 
render their flesh not only unfit for food, but also 
dangerous. The chief disea.ses are pleuropneu¬ 
monia, cattle plague, anthrax, foot and month 
disease, glandeis, farcy, ami tuberculosis; in pigs, 
hog cholera, measles, trichinosis; and in sheep, rot 
duo to the pre.sonce of small animals called “ flukes 
in the bile ducts of the liver. Good beef should 
be firm to the touch, of bright red colour, with a 
mixleralc amount of juice, and the fat sliould be 
white and hard. There should be no odour, and 
to test this a. skewer can be tlirust into the moat 
and smelt after being wiibdr.awn. If there is any 
disagret'alilc .smell, the meat should not be used, as 
this shows that putrefaction is commencing. The 
flesh of poultry should bo wliitish pink ami firm, and 
the smell fresh. A slight bluish discoloural ion over 
the brea.st bene shows that tlic fowl has not been 
vceently killed, but the flc.sh is not on that account 
unwholesome. If, however, on opening the bird, the 
smell is offensive, Ihe flesh should not be ealen. With 
regal'd to game, tliis is not ni.-ually eaten till it is 
“ high,” this meaning tliat some decomposition has set 
in. Fish should be firm to the touch, and the Smell 
should be fresh. Decomposition sets in very quickly 
in fish, and any stalcness can be readily detected on 
ojiening them. Tinned meat i.s, as a rule, wholesome; 
but sometimes it may give rise to serious symptoms 
of poisoning duo to the production of alkaloids called 
ptomaines. These may be produced in meat, pork, 
ham, or saus.ages, and it is frequcntljr impossible to 
tell whether there are any jircsent by simply looking 
at the aiticles. Sometimes, however, in the case of 
tinned foods, the tin is what is called “ blown”; that 
is, the sides arc blown out instead of being sunk in, 
this being due to putrefactive changes. Poisoning 
may take place also if the meat has absorbed any of 
the lead or tin, and this holds good also of tinned 
fruits. Bread is, as a rule, of very good quality, and 
the adulteration with alum which used to be prac- 
ti.sed has been given up. The only adulterant now 
employed, if it can be so called, Ls potatoc.s. If no 
bran is used, then the bread should be white in 
colour, and it should be free from acidity. St-e 
Bread. Milk should be opaque andyfac •mhite in 
colmvr, and should on analysis give at least 3 per 
cent, of fat, 8-6 per cent, of solids not fat, and have 
a specific gravity of about 1,030, There should be no 
deposits either before or after boiling. As milk is 
the principal food of infants and young children, 
great care should be taken in re^d to it. For 
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joong obild||a the milk shoald {it o&ce he boiled 
'wbon delivered, and then placed in a thoronghl;^ 
clean bottle other closed receptacle in a cool place. 
11 placed in large bowfs, these ought to be covered 
so as to prevent contamination by means of flies or 
dust. No article of food is so susceptible of contami¬ 
nation, and if greater care were taken in the preser¬ 
vation and storage of milk in oar houses there would 
be a great diminution in the infantile mortality from 
diseases of the digestive organs. Prenervativen should 
'never be added to milk. Nevertheless, occasionally 
salicylic acid, formalin, or boric acid arc added by 
vendors to prevent it from turning sour. The souring 
of milk is due to the conversion of the strgar into 
lactic add, which latter coagulates the casein, 
causing the milk to curdle. Colouring matter—e.y. 
annatto—^is used to give it a richer colour, but this, 
though not injurious, is quite unnecessary. W.atcr 
is the most common adulterant, but recently separated 
milk, or milk cleared of all its fat, is added, seriously 
affecting the nutritive value. Bntter is a very com¬ 
monly used food. It^iffere from margarine in that 
it is derived from milk, wliile margarine is derived 
from the fat of animals. There is little or no differ¬ 
ence in the nutritive value, but butter fat is more 
readily assimilated. Tea i.s not at present achd- 
terated, but coffee is frequently adulterated with 
chicory. 

Foot, ‘^e Weights anu Measdees. 

Foot Block The flat piece of timber at 

the foot of a raking slune. Ihr tfHOBKS. 

Foot Blower (_Glass Manufac.') The gla.s.smakcr 
who gathers tlic metal and also makes tlie feet fc; 
wine glasses, e1<'. The third man in a set or “ chair ” 
of workmen (flint glass trade). 

Foot Brsike (J/otor ('ars, etc.) A brake applied 
by a lever or treatllc which the driver actuates with 
his loot. 

Footings {Build.) The projecting courses at the 
bottom ol a wall. 

Foot Poand {B?tff., Phys„ etc.) The English 
engineer’s unit of work; the amount of work 
required to be expended in order to raise 1 lb. 
through a vertical height of 1 ft. 

Foot Bests {Cycles). Small brackets on the front 
forks; rsftely employed in ordinary cycles now that 
free wheels arc usually fitted. In motor cycles foot 
rests are commonly fitted in a convenient position 
near the pedals. 

Foots. A general term applied to the impure 
residue left in refining oils, fats, waxes and greases, 
such as cotton and linseed oils, spermaceti, Yorkshire 
grease. They are usually of very complex composi¬ 
tion. Linseed oil foots contain a quantity of muci¬ 
lage mixed with the oil, and are often used in making 
putty {q.v.) Cotton oil and grease foots are worked 
up in soap making. 

Footstep BeaPing (Eng.) A bearing {g.v.) w'hich 
supports the lower end of a vertical .shaft. 

Foot Ten. T'he amount of work nece.ssary to raise 
1 tern 1 ft. high; it is equal to 2,210 ft. Iba 

Foot Yalve {Eng,, etc.) The valve at the bottom 
of a pump baml or at the bottom of the suction 
pipe. 

Footwall {Minimg), The under or lower side of a 
vein or lode. « 


Fotrtwap {Mniag). Ladders leadh^ down a 
shaft, by means of which an ascent or descent xoi^ 
be made when the winding gear is not in operation. 

F.O.R. Free on rail. Qf. F.O.B, 

Foramen Hagnom {Zool.) The large opening 
at the back of the skull through which passes the 
Mbdhlla Oblonoata {q.v.) of the central nervoos 
system. 

Fopaminifera {Zool.) One of the divisions of the 
Protozoa (the simplest animals). The foraminifeia 
possess a shell which is usually calcareous (com¬ 
posed of salts of calcium). The majority are marine, 
and arc found at all depths. Their shells occur as 
fos.sils in rocks from Silurian age onward, and form 
the bulk of most kinds of chalk. 

Force {Phys., Meek., etc.) Force is that which 
changes (or tends to change) the state of rest op 
motion of a body. It is also defined as ” that which 
moves (or tends to move) matter." 

Forced Draught {Eng.) An air supply driven 
tlirough the fires of a boiler, etc., by means of fans or 
pumps, but principally by steam injectors, instead of 
the natural air current which is j)ro(iuced by the rush 
of hot air up the chimney or funnel. It is used 
when the brtilers are being worked at a high power, 
i.e. when they are required to jjroduoe more than tho 
usual amount of steam, as in the case of ships which 
are running at their highest possible speeil. 

Forced Draught Furnace {Eng.) The forced 
draught furnace, by which air and steam are supplied 
under pros.sure from steam jet injectors into a closed 
grate, has been very widely applied in late years to 
the combustion of inferior fuels (such as duff, breeze, 
iwnd, .settlings, and washery refuse) and town’s 
refuse, for the generation of steam and electric 
power. This system has almost revolutionised the 
working of destructors and assisted many manu¬ 
facturing opmations by obtaining steam power from 
waste products. 

Forced Vibrations {Pkys.) Vibrations produced 
in a body (or system of bodies) by a force periodically 
applied at intervals of time, which are not tho same 
as the p<^riod of the natural vibrations. Thus a 
pendulum may be made to execute forced vibrations 
if it be struck intermittently, or if the point of 
suspension be moved to and fro at inteivals different 
from the natural period of the pendulum. 

Force, Lines of {Elect.) Sec Links ok Fobck. 

-, Moment of {Phys.) See. Moment op 

Fo]w;n. 

Force Piece {Mining). Diagonal struts across a 
working. 

Force Pomp {Eug.) A pump in which the water 
is dri\en upwanls by the pre.ssure of a solid piston 
{i.e. one without valves). The heiglit to w hich the 
water can be raised is independent of atmospheric 
pi'cssure (which limits tho height reached in the 
suction pump), and depends only on the power 
applied and tlie strcngtli of the pump and pipes. 
See also Tumps. 

- {Plumb, atid Gas Pltttng). An ^r pump for 

cleaning out service pipes. ^ 

Forces, Composition of {Meek.) The oaloulation 
of the Kbbultant iq.v.) of two or more forces. 

-, Moment of {Meek.) The moment of a force 

about a given point is the product of the amount of 
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the force into its perpendicular distance from the 
point. 

Forces, Parallelo^pam of (_Mech.) If two forces 
acting at a point be represented in magnitude and 
direction by the sides of a parallelogram, then the 
KEStTLTANT (g'.'O.) of the two forces is similarly 
represented by the diagonal of the parallelogram. 

- , Polygon of. Any number of forces in 

equilibrium, acting at a point, may be represented 
in magnitude and direction by the sides of a com¬ 
pletely closed polygon, taken in order. See also 
GUAPHIO STATIC& 

-, Resolntion of {Mech.') Any force may in 

general be replaced by two or more forces, which, 
when acting together, produce the same effect as the 
original force. The process of calculating the “ com¬ 
ponents ” of a force is termed the resolution of the 
force. 

- , Triangle of (Meeh.} If three forces acting 

at a point be in equilibrium, they may be represented 
in magnitude and direction l)y the .sides of a triaiujle, 
taken in order, iieo also tiKAPHio Statics. 

Force, Tubes of (Hhoi.) Seo Tubes of Forces, 

Fore Carriage (Enq.) The frame carrying the 
front wheels of a traction engine or locomotive, 

- (^Cyoles, otf.') A light two-wbecled oan-iago 

fixed in front of a motor l)icycle. The front wheel 
of the latter is rcmo\cd, and the forks are connected 
to levers which act upon the a.xle of the fore carriage, 
which is of the Ackerman (^.r.) or some similar 
form. Tlie 03 cle is tliua converted into a light 
three wiiceled car. 

Forecasts {Metoorol.') A prediction of the proliable 
state of the wcatluT a short time ahead; based 
chiefly on changes of barometer pmssnre, etc., which 
ar<! actually known to be spreading or progressing in 
a definite ^rectinn. 

Foredge {^Binriing). The front edge of a book, tije 
edge opposite to the back. 

Foreground {Paint.) The part of a picture on 
which object.s intended to be nearest the cj'e of the 
spectator are presented. 

Fore Observation iSwoeying). Tlie opposite of 
back observatittn (ff.c.) 

Foreplate (il/cf.) A guide and resting plate in 
front of tlic bottom roll of the finishing grooves or 
rolLs of a forge train (y.».) 

Foreshortening {Paint., etc.) A method of repre¬ 
senting objects or figures, or portion.s of objects or 
figures, wldch lie in a dir tclion not parallel to the 
plane of a picture, bas-relief, or a piece of sculpture, 
in order to present the object as it appears to the cyo. 

Forest Beds ( Gcol.) Strictly speaking, the word 
“ forest” means simply a place outside the limits of 
cultivation, and has nothing to do with trees. But 
the term has come to be emplr)yed in the sense of 
extensive wooded areas. Certain strata are found 
to contain the stumps of trees, aijparently in the 
position of growth. These have been somewhat 
fancifully described as forest be<ls. The Forest Bed 
of East Anglia is part of an ancient delta of the 
Rhine, and contains many remains of tree fragments 
along with other organic remains. It is of late 
Pleioceue Age. 

Forest Marble ( Oeol.) A member of the Middle 
Oolites, which is abundantly fossiliferous in the 
Bonthem parts of the kingdom. It comprises beds 


of clay and sandstone, together with a bed of oolitic 
limestone, which has .occasionally beenApolished and 
used as marble. 

Forge {Eng.) (1) A blacksmith's hearth, with Its- 
accessories. (2) A blacksmith’s shop. 

- (Afef.) In iron works the department in 

which the paddled ball is converted into puddled 
bars by shiugling, blooming, and rolling. Gf. Mill. 

Forged Scrap Iron {Eng.) Small pieces of waste 
wrought iron from the smith’s shop which have been 
welded up into bars. If properly welded up, this 
scrap is of considerable value, and often preferable 
to new rolled bars, on account of its strength. See 
also Faoot. 

Forged Work {Eng.) Wrought iron work prepared 
by tlic blacksmith.s. 

Forge Figs {Met.) Pig iron suitable for conversion 
into wrought iron by Fuddling ( st - v .) 

Forge Scale {Eng.) The .scalc-s or flakes of black 
oxitle of iron produced in working wrought iron. 

Forge Tests {Eng.) Te.sts applied to wrought 
iron and steel by bending. The greater the angle 
through which a plate or bar beiid.s without fracture, 
the better the iron; this angle is often staled in 
specifi cal ions. Tlic test may be applied both to hot 
and to cold iron. 

Forge Train (Met.) A train of two pairs of rolls 
(ranging from roughing rolls to finishing grooves) in 
which the shingled bloom from the squeeaers or 
steam hammer is rolled into slatis or bars without 
reheating. Also called Fuddling Rolls. They 
revolve at 60-80 revolution.s per minute. 

Forging Machines {Eng.) Machines by wbicb 
defiriito Bh.a]ics e.nn bo given to wrought iron by 
forcing it into discs, etc., either by a powerful press 
or by mechanically driven hammers or stamps. 

Fork {Oyeles). The portion of the machine in 
which the wheel revolves. In motv)r cycles tlie front 
forks are built u]) of several rods instead of two only, 
to make them sufficiently strong to stand the heavy 
,<!tre.ssos. 

Forked Heading Joint {Joinery). A joint used in 
fastening two hoard.' eiul 
to etxl. 'The ends of the 
boards to bo joined have 
V-shaped pieces cut out 
to intersect with each 
other. 

Forked Lightning 

{Meteorol.) The oidi- 
nary form of lightning, 
resembling an electric spark on a very large scale. 
The term “ forked ” i.s really a misnomer, as the spark 
is sinuous or wavy, with branches like a river and its 
tributaries. 

Form {Art). A terra used to denote the qualities 
of line as distinguished from colour. 

- {Min.) See Systhms on Crystals. 

- or Forme {Tyjiog.) Pages of type or stereo- 

tyjx! plates arranged in the order for printing a sheet 
and secured by an iron frame or chase ({.r.) 

n 

Formaldehyde {Chem.) | (Formic aldehyde). 

A gas with penetrating smell. When liquefied it 
boils at — 21°C. Ordinarily it is met with in aqueous 
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solution. It is prepared by passing the vapour of 
rnetb}'! alcohol mix^ with air through a heated tube 
containing copper gauze. It is a powerful ^sinfec- 
tant, and a 40 per cent, solution is sold under the 
name of Fobmalik for disinfecting purposes; a trace 
of it added to milk will keep the milk fresh for 
several days. It has the usual reactions of an 
aldehyde, except with ammonia, with which it yields 
hexamethyleneamine (or hexamethylenetetramine), 
(0H,)jN^, a c^stalline solid readily soluble in water : 
used in medicine under tho name Ubotbopinb as 
a urinary antiseptic. Formaldehyde readily reduces 
silver and gold solutions to the metallic state. When 
its aqueous solution is evaporated, it polymerises to 
paraformaldehyde, (Cll.,0)n, an amorphous solid 
which yields formaldehyde vapour on heating. Used 
in this way as a disinfectant under the name Paba- 
I'OBM. When a weak solution of formahiehyde is 
allowed to stand with slaked lime, it undergoes 
condensation to a substance Fobmobb, from whic.h 
a fermentable sugar called methose has been ob¬ 
tained, which is identical with a-acrosc (inactive 
laevulose). FormakMiyde is believed to play an 
important part in the f format ion of starch by plants. 
Under the influence of the chlorophyll the atmo¬ 
spheric carbon dioxide is changed to formaldehyde, 
which is then polymerised to a sugar, from which the 
starch arises. 

Formalin See Fokmaldbhyde. 

Format (Printhu/}. The dimensions of a book 
(shai«;, size), e.f/. octavo, fiuarto, etc. 

Formates (^Chem.) Salts of Fobmic Acid (g’.r.) 

Formation {Geol.) A name applied, in a some¬ 
what \ ague sense, to an a-ssembhige of rocks which 
have some ehanu-ter in common, generally that of 
age; but the term is used also in refciTing to tlie 
origin of ttio rocks or to their pet.rograpliical 
character. Thus rocks are .said to belong to the 
stratified formation as distinguished from eruptive; 
to ancient, as distingui-slied from modem formation 
to calcari-ous, as diMinguished fiom argillaceous, 
arenaceous, or other formation.^. Of late years terms 
of more precise meuning liave beguu to come into 
use to express each of these several idoa.s. 

Formation of Clouds (Jfeteorol.) See (JiiOUDS. 

Former etc.) (1) A general name for a tool 

usetl to pvoduci' some one definite shape in a piece of 
metal. (2) A Template (g-v.) or gauge used to test 
some .sl'.ape when ju'odnced. 

Formeret (drc/iiffc/!.) A wall rib. jSps Kib and 
Panel Val’lt and Wall IIib. 

H 

Formic Acid ( CJiem.) 1 A pungent smell- 

COOH. 

ing liquid; boils at 101*’ C.; soluble in water; blisters 
the skin (cause of sting of ants and nettles). It 
occurs in nettles and in ancs, and was formerly pre- 
pjired by distilling the bodies of red ants. It is 
prepared by distilling oxalic acid with glycerine at 
110*’ to ll.*)® 0.; the weak acid (40 per cent.) so 
obtained is boiled with lead oxhle, and the lead 
formate which crystallises out is dried and treated 
with sulphuretted hydrogen at 100“, any sulphuretted 
hydrogen tlissolvod in the anhydrous acid so obtained 
being removed by standing over lead fomiate. 
The acid reduces ammoniaoal silver to the metal 
HCOOTI -f- AgjO = 2Ag + CO, + HjO. Heated with 
sulphuric acid’ it gives pure carbon monoxide and 
water. Its salts (the formates) are all soluble in 


water. Sodium or potassium formate heated with 
caustic soda gives jiure hydrogen, BCOONa + HOKa- 
» H, + Ha,CO,. Ammonium formate, when, heated, 
first gives formamide, HCONHf, then hydrocyanic 
acid, HCN, by loss of first one and then a second 
molecule of water. 

Fonnic Aldehyde. See Fobualdehtdb. 

Formose (^Chem.) See Fokmaldehyde. 

Forms of Glonds (Meteorol.) See Clouds. 

Fopmula, Chemical. See Chemical FoBifULOl. 

Fopte (Miifie'). Loud. See 
Foptin’s Bapometep. See Babometeb. 

Foptissimo (^Mvslc). Very loud. Bepresented by 
the letters ff. 

Fopom. In ancient Borne the place of assembly 
for the people, and where judicial and public busi¬ 
ness was transacted. It occupied a space between 
tho Cajntol and tho Palatinate Hill. In the time 
of the Empire the term wa.s extended to the public 
place or market place of all towns under Boman 
sway. 

Forward Eccentpic (^«y.) The eccentric (^.».> 
which drives the slide v^ve, of an engiue while it is 
running in the forward (or usual) direction. 

Forwarding {IVmding). This expression covers 
all the operations performed in bookbinding up to 
the time a voluuio is covered with leather, vellum, 
etc., when tho book is sent, to the finishing shop for 
the gilding. See Finishing. 

Fossickep {Mining'). A person employed in picking 
up .stray pieces of ore from tlio rock after the main 
part of the vein has been worked. 

Fossicking (.t/i/way). Picking out stray fragments 
of ore after the lode has been worked. 

Fossil (6V»f.) Literally and originally anything 
that was dug up, but now restricted to organic 
remains which have been entombed in any of the 
rocks composing the c.nrth’s crust. The science that 
deals with fossils is pala-outology, which is really a 
branch of biology. With the great extension of 
kmjwledgc relating to fossils which has taken place 
within the last fifty years, jialasontolagy has advanc,ed 
so much that many different blanches have arisen, 
each of which occupies the attention of specialists. 

Foacaolt’s CaFFents (Elect.) Currents produced' 
in a mass of iron (or other conductor) when moved 
across a m.'ignetic field. In electric machinery these 
currents cause loss of energy, and are kept down as 
much as possible, usually by dividing up the iron 
into lamina) parallel to the lines of force winch cause 
the currents. The linos of force have a continuous 
path, but the Foucault currents have not, and are 
thereby checked. 

Foucault’s Heasupement of the Yelocity of 
Light. See Velocity of Light. 

FoulaPd (Silk Mamtfac.) A thin soft silk cloth, 
used for ties, mulfiens, handkerchiefs, etc. 

Fouling (Eng.) (1) Tlie deposition of SCALE (^.p.)’ 
and mud in a steam boiler. (2) The deposition of 
carbon, etc., in the cylinders, valves, and ports of 
iuicrnal combn.stion engines. (3) Ttie products 
of combustion which are deposited in gun barrels, 
etc. 

Foundation GylindoP (Eng.) A heavy cast iron, 
cylinder sunk in the ground and often filled with. 
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concrete. It serves to support the foundatiods of 
heavy structures or machines when the surrounding 
ground is not very firm. 

Foondin^. (1) The process of forming an article 
by pouring molten met^ into a mould. ^ Cupola 
4md Fouitdbt. 

— ^Glaas Man^fac.') The period when the 
furnace is raised to a high temperature in order to 
fuse the raw materials quickly into glass. 


0}, etc., are constant cocfficiwts and 

p = The equation may also be written y 

+ A, sin (jpt + c,) + A, sin (2 pt + s.) + A, sin 
(3 + n,), etc., where A,® = a* + i* and tan e^ 

= -S, the other coefficients A^ A,, etc., being 
*1 

similarly obtained. 

Pour Part Yaolt (Architect.') See QuAPni- 
PABTiTE Vault and Vault. 


Foundry (Eny.) The workshop where castings 
are made. An Jroit PouisfUBT is usually on the 
-gronnd floor; it is provided with cupola furnaces, 
erwes, moulding boxes, etc., and has a floor covered 
with a thick layer of sand. In this floor pits are 
formed in which large castings are made. 

Foundry Ladle (JEng.) A heavy iron vessel used 
for carrying molten iron from the furnace to the 
moulds in which castings are made. Before being 
used it is lined or coated with fireclay, which must 
be thoroughly dry before the molten iron is “ tapped ” 
or run into it. 

Foundry Pig Iron (Eng.) Iron suitable for 
making castings, but not for conversion into 
wrought iron. 

/ Foundry Pit (.Eng.) A hirge hole or pit in the 
ggound, in which very heavy or very deej) castings 
are made. The mould may be contained in Flasks 
(q.t>.) or may Vie actually formed in sand, which 
fills the pit itself. 

Foundry Sand (Eng.) Sand composed chiefly of 
silica, and free from earthy matter: used to form 
the moulds for castings. 

Foundry Stove (Eng.) A stove used for drying 
•cores and small moulds before they arc used for 
making a casting. 

Pour Cutter ( Carp., etc.) Sec Flaking Machine. 


Fox Wedging. A method of wedging tenons with* 
out. showing the wedges 
on the edge of the work. 

Foxy (CJiem. Eng.) A 
brownish shade which de¬ 
velops in soap made from 
palm oil or tallow bleached 
by the muriatic =! bichro¬ 
mate, or the chlorine pro¬ 
cesses, It is attributed io 
the temperature being too 
high in live former process, and to excess of chloiine 
attacking the fatty glyceridi's in the latter. 

Fogging (Dec.) A defect of enamelled work in 
which the surface becomes cloudttd like blooming 
in varnisli (q.v.), c,ansed by the enamel being applied 
during damp weatlicr. 

Fraction (fVmw.., etc.) A portion of a distillate 
which passes over, or distils, at or about one given 
temperature. Sec Fractional Distillation. 

Fractional Crystallisation (C/u-m.) A method 
of resolving a mixture of substances of different 
solubilities into its constituents by a systematic 
process of recrystallisation. Suppose the mixture 
Consists of two siiltstancus; then on dissolving it in a 
suitable solvent and leavingto crystallise, the crystals 
first deposited will be riclier in the Ics-s soluble 
substance; these crystals are again dissolved in a 
fresh portion of the solvent, and loft to crystallise— 
the crystals will be still richer in the less soluble 



Fourdrinier (Paper ifanvfae.) The piiper machine, 
80 called fiom the name of the inventor. 

Fourier’s Theorem (Plnjg., etc.) A periodic curve 
of any given shape can he formed by compounding 
together a number of sine curves whose frequencies 
are simple multiples of one initial sine curve, and 
whose amplitudes are suitably chosen. The initial 
ox fundamental curve has the same period as the 
given curve; the successive sine curves will then have 
frequencies once, twice, tlirec times, etc., the funda¬ 
mental one. It follows that any wave of complex 
shape (e.g. a sound wave which is not that of a 
.simple tone) can be produced by the combination of 
a number or waves, the fun»lamental one having the' 
same period as the given complex wave, the remaining 
ones having frequencies which are simple multiples. 
In sound, these remaining tones arc tim partials or 
harmonics or the flr.st or fundamental tone; the 
resulting complex tone has the same pitch (frequency) 
as the fundamental tone, but of a different quality 
or “ timbre,” This difference in timbre is due to the 
presence of the partials. (See also Timbre.) Tlie 
general theorem is expressed mathematically by 
me^s of Fourier’s Series. If y be a quantity 
which varies periodically, going through a complete 
oycle of changes in time T, then its value at any 
time f is given by the equation y + a, sin 
pt + nn 2 pt + a. sin S pt + etc., + cos | 

pt * if COB 2 pt + bf cos 8pt + etc., where Aj, 1 


constituent. Cry,st.als may no^v be obtained from 
the firs't mother liquor and roorystalliscd from the 
secoud mother liquor, aod so on, until a separation is 
eff<'cte<l. This process of fractional crystallisation 
applied to the rare eaiths has resulted in the dis¬ 
covery of new elements, ifariguac dis»x)vei'ed 
gadolinium and samarium in samarskite by fractional 
crystallisation of the double potassium sulpliate salts. 
Auer von Welsbach discovered neodymium and 
praseodymium in didymia by fractional crystallisac 
tion of the double ammonium nitrate salts. 

Fractional Distillation (Chem., etc.) A method 
of separating a mixture of substances into its com¬ 
ponents by distillation (y.r.) Coal tar consists of a 
very largo number of substances. When distilled, the 
following fnuctions are collected : (1) Up to 110”: 

(2) 110“ to 210°; (3) 210“ to 210“; (4) 210'to 270“; 

(3) 270° to 400°. From each of these fractions 
various substances arc obtained by a second 
“fractionation”; e.g. from the first fraction after 
removal of basic and acid substances, benzene, 
boiling at 81“ and toluene, boiling at 110°, are 
obtained fairly pure. But in some cases a mixture of 
only two substances cannot bo separated into its 
constituents by fractional distillation. Alcohol and 
water cannot be completely separated. If the liquid 
contain a small amount of alcohol, all the latter and 
some water can be separated by distillation, leaving 
water beliind; but on repeating the process on the 
distillate, a stronger alcohol than 98 per cent, cannot 
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be obtained. Other liquid pairs form mixtures with 
constant boiling points: thus a mixture of 75 per cent, 
of formic acid and 25 per cent, of water distils un¬ 
changed and has a higher boiling point than any 
other mixture of these two liquids. See alto Gas 
Manufactuhb : Coal Tab Distillation. 

Frat^onal Pitch ithg.") A screw is said to have 
a fractional pitch when the number of threads per 
inch is not a simple multiple or sub-multiple of the 
number of threads per inch on the leading screw of 
the lathe on wluch it is cut. 

' Fraction of Satoration (Meteorol.') The ratio of 
the pressure of the water vapour actually present in 
the air to the saturation pressure. Also termed 
Rel-Itivb HtTMiniTy, 

Fracture (Min.') A term used to designate the 
way in which a mineral bi-eak.s when the fracture 
is not due to cleavage (g.v.) Fracture may be (1) 
CONCHOIDAL, as in many glassy minerals, e.g. 
qnartz; (2) Even, when the i)lauc of division is 
fairly flat, e.g. chert; (3) Uneven, e.g. copper 
pyrites ; (4) Hackly, when it is somewhat granular 
and uneven, e.g. cast ii'on; and (5) Eabthy, e.g. 
chalk. 

- , Surface of (Eng., etc.) The form and nature 

of tile fiaotured surface in a piece of material broken 
iu the testing machine (or otherwise) gives certain 
indications of the quality of the material and often 
of the nature of the stress to which'it has been 
subjected. In the case of metals such as iron it 
is useful to n-)te whether the surface is ( rystalline, 
grannl.-ir, or lilirous, as the quality of the iron can be 
inferred to a very l.irge extent from the infor- 
mati m thus obtained. 

Fragaria (Jiotany). A genus of the order 
Bpsaeete. A well known species is the strawberry, 
whose fruit con.-^ists of a fleshy flower axis (thalamus) 
bearing nninernas scedlike aclicnes. 

Fraise (('oxt.) A collarette or rutt, much worn 
during the sixteenth century : a Medici collar. 

FraiBCB (Her.) Strawberry leaves as borne by 
fraser. 

Frame (Chem. Eng.) A deep rectangular box 
into which a “ mude ” soap is run from the copper 
or kettle, in order to i-ool into conveniently sLaj>ed 
blocks jirior to <'utting up. At one time the Exidsc 
authorities insisted on the frames being of deiinite 
proportion.^; viz. 46 in. long by 15 iu. wide, and 
from 46 to 60 in. doo]>, but the size is no longer 
compulsory. They aic u.'^uully matle of iron or steel 
plates, the sides being detachable. There are many 
siiocial patented types. The Continuous Drying 
System is sujxirseding their use for toilet soaps and 
certain classes of “ households.” 

Framed (Carp.) Woodwork put together with 
mortice and tenon joints. 

Framed and Braced Door (Carp.) A framed 
door with diagonal brace.s. The space.s are usually 
filled in with battens in lieu of panels. 

Framed Floor (Carp, and Join.) Tliis consists of 
girders, binders, ceiling joists, bridging joists, and 
flooring boards. See alxo Floobs. 

Framed Gronnde (Carp.) Grounds which are put 
tc^ethcr with mortice and tenon joints. See GROUNDS. 

Framed Panrtltion (Joinery). A partition con¬ 
structed of panelled framing. 


Frame Hoiue (Evild.) (1) A balf-timbezed 
house (g.v.) (2) A modem building, nsmdly of a 
more or less temporary character, obnstracted of 
wooden framing covered with board, shingling (g.v.X 
corrugated iron, etc. Commonly used is oomniee 
and newly settled districts. 

Frame Saw (Carp.) A straight saw, or set of 
parallel saws, fixed in a reciprocating frame, and used 
for cutting deals or logs into boards. 

Frame Wall (Build.) A wall formed of a frame¬ 
work of timber, the spaces being filled in with 
brickwork or masonry. See alto Haui' TuibbbbI} 
Work. 

Frame Weirs (0ml Eng.) Weirs in which the- 
water is held up by doors carried by heavy frames. 
These doors can be removed when required. See 
Needle Panel and Hollind Up Cubtain Wbibs. 

Francois ¥ase. See Vases. 

Frankfort Black (Bee.) See Deop Black. 

Frankincense. This resin (also called Gun Oli* 
banum) is an exudation from the stem of a tree, 
BosujeUia oarteri (order, Burseracea), grown in 
.Somaliland. 

Franking (Carp, and Join.) A method of joining 
the cut l^irs in sashes. 

, Franklinite (Min.) A complex oxide containing 
I iioii in the ferrous and ferric state (FeO. MnO. EnO) 
( FCjO. MmjOj). Equivalent composition, ferric oxide >= 
64—66 ; manganic oxide=ll—18, zinooxide=ll—25 
per cent. Cubic, in black octaliedra, ami massive. It 
has a reddish brown streak, and is hard and tough. 
Chiefly from New Jersey. 

Frannhofer’s Lines (Antrim.) The dark lines 
crossing I'.ie spectrum of the sun in different places. 
See Bpectbum and HPECTEUM ANALYSIS. 

Freeman’s White (Dec.) A non-poisonous white- 
pigment consi-ding principally of sulpliato of lead 
made from metallic lead by precipitation. It con¬ 
tains also zinc oxide and barj'tes. It is not affected 
by sulphurous gaae.s like wliil.c lead is, and it pos¬ 
sesses good body and covering power. 

Free Sand (Foundry), Sand which forms a porous 
mould or core, allowing the escape of gas from the 
iTioull. 

Free Spring { 'Watehex). A balance spring without 
an “ index ” or “ regulator.” Used only in tlu> highest 
grade watches, as the spring has to be regulated by an 
oxficrt who moves the timing screws inwards or out¬ 
wards. More accurate timekeeping is thus obtainable, 
as any movement of an index might disturb the 
isochronism. See Balance Spbinc} ; Index ; 
ISOCHBONISM. 

Freestones (Build.) Stone which does not 
readily split into layers, i.e. which does not possess 
well marked planes of cleavage. Most suitable for 
carving. Tlte term is applied in many districts to 
sandstones (q.v.) 

Free Vibrations (Phys.) The natural vibrations- 
of a body or system when left to itself, as dis¬ 
tinguished fwim forced vibrations (pv.) A body 
vibrating freely has in general a definite and fixe^ 
period of vibration, depending on the mass of the 
liody and the amount of the restoring force exerted 
on it when a small displacement from Its position of 
equilibrium is produced. 

Freewheel (Cycjes). See Ctolbs. 
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Freezing iHeat). The procees of solidification or 
changing from a liquid to a solid condition. See 
FBKHZINO I’OINT. 


Freezing Hlxtores. Usuallj a mixture of some 
soluble salt with snow, powdered ice, or merely cold 
Water. The rapid solution of the salt lowers the 
temperature of the mixture. Thus sodium chloride 
mixed with snow will give a temperature of — 22° 0., 
calcium chloride and snow about — 55° C., am m onium 
nitrate and snow — 17“ C. The best mixture is solid 
carbonic acid dissolved in ether, which can be made 
to give - 77“ C. 


Freezing Point (PA//a.) The temperature at which 
a liquid sui)stance changes or commences to change 
into its solid form. In a great number of cases the 
freezing point is not definite, as in the ease of glass, 
which softens and gradually changes into a viscous 
solid wh<;n heated, and reverses this process when 
again cooled. The freezing point of a liquid is 
affected by several comlitions, the most important 
Ming the variation of pressure. Increase of pressure 
lowers the freezing point of all those substances 
which expand on solidification {e.g. water), and raises 
the freezing point of substances which contrstet on 
solidification (e.g, wax and sulphur). Fbkkzikg 
Point on’ Solutioxs : In general, the freezing jjoint 
of a solution is lower than that of the solvent. I'hc 
amount of depression of the freezing point is propor¬ 
tional to the number of dissolved molecules. If the 
molecules of the dissolved substance are not disso¬ 
ciated (or broken up into simpler nioleeides) when 
dissolved, there will be a simple relation between its 
molecular weight and the depression of the freezing 
point. If M = molecular weight of the dissolved 
substance, m the weight dissolved in 100 grams of 
the solvent, t the observed depression of the freezing 
point, then 


t 



where K is a constant depending on the nature of the 
solvent employed. The value of K cam be found by 
cxperimeni, or calculated by purely theoretical con- 
sidesrations based upon thermodynamics. If Ij is the 
latent heat of fusion of thci solvent, T the temperature 
at which it freezes if pure, then 



The value of K is about 19 for water, 40 for acsctic 
acid, 60 for benzeue, 70 for nitrobenzene. The 
freezing point of dilute solutions is usually deter¬ 
mined by means of Beckmann's apparatus. A 
weighed qimntity of the solvent is placied in a tube 
Tesembling a test tube, but provided with a side 
tube through which the .sub..tauce which is to be 
dissolved can be introduced. A delicate thermometer 
•divided into hundredths of a degree, and also a 
platinum stirrer, arc introducsed into the tube through 
a cork at the top. Thi.s tube is .surroundcil througli 
the lower half of its length by an air jacket, which 
Is in torn surrounded by a large vessel in which a 
suitable freezing mixture is placed to effect the 
requisite lowering of the temporal ure of the solvent. 
The freezing point of the pure solvent is first 
observed, then the tube is removed, the given sub¬ 
stance introduced and diasolved in the solvent, and 
iihe tube is replaced The freezing point of the 
solution can be observed 


French Arch (Build.) An inferior form of arch, 
built of ordinary bricks, which are not cut or rubbed 
toitorm true voissoirs, but left in their original form 


with parallel sides. It is sometimes used to form a 
horizontal top to an opening, the bricks starting 
from a sloping jamb and meeting at an angle in the 
centre. 

French Casement (Build.) A pair of glass doors 
in a solid frame. 

French Chalk (Min.) A variety of steatite or talo 
(g,v.) It is used in marking out cloth, and when 
powdered it is dusted on to various articles to prevent 
anything sticking to them, or to act as a lubricant. 
See also Soapstone. 

French Curves. A thin plate of wood (usually 
pear tree), with its edges cut into a .series of curves of 
various nidii. Used in drawing curves, not easily 
obtained geometrically, after certain points on the 
curves have been found. 

French Polishing (Deo.) A method of polishing 
hard wood by applying a special polishing varnish 
made of gums di.s.solvcd in spirit. The recipes for 
French jiolishes differ a great deal. Oue of the best 
is 14 lb. of orange shellac dissolved in 1 gal. of 
methylated spirit, to which ha.s*hperj added 2 oz. of 
gum sandarach and 2 oz. of gum benzoin. The wood¬ 
work to be ptdished is first “ filled ” by nibbing in a 
mixture of plaster of parts and Jlns.sian tallow. This 
liaving been effectcfl, the polish is applied with a 
rubber formed of white linen or cotton in such a 
way as to present a convex surface. The rubber is 
moi.stcned with linseed oil and polish, and the wood 
is rubbed with a circuLir motion, very lightly at first, 
but with increasing pressure as the work proceeds. 
The final operation is “ spiriting off,” which consists 
in rubbing on jireparcd spirit, which is prepared like 
the French poli.sli, cxcejiting that tlicrc is a much 
larger proportion of meihylated spirit. 

French School of Painting. See Painting, 

Schools ok. 

Frequency (Phyx., ete.) The number of times 
which a vibration (or other recurring phenomenon) 
occur.s per unit of time; r,.g. the number of vibrations 
per second of a tuning fork is termed the FbkqueNCY 
of the fork, or, more correctly, its Frequency ok 
V inn VTiON. 

Fresco Painting. See PjiIntino, :Metiiods op. 

Freshwater Deposits (Geoi.) Strata laid down in 
rivers or in lakes, as distinguished from those de¬ 
posited upon tlic land, or in estuaries, or beneath the 
water of the sea. 

Fresnee (Her.) Standing on its hind legs. 

Fresnel’s Bi-Prism (Light). A double prism of 
small angle, as shown at A. If a narrow beam from 
a single slit S pass through the prism and fall on a 



screen BO, it will behave as if it came from two 
sources B, and Sj, and interference fringes will be 
seen on the screen BC. See also Intbbfbbence. 

Fresnel’s Mirrors (Light). An arrangement of 
two mirrors placed with their edges touching and 
their surfaces inclined at an angle of nearly 180“, 
Light from a single source falls on the mirrors, and 
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is reflected so as to fall on a screen. Two beams, 
inclined at a veiy small angle, are thus obtained and 
interferenoe bands are produced on the screen in a 
manner similar to those formed by means of Fresnel’s 
Bi-Prism {q.v.) 

Fresnel’s Shomb {Light). A rhomb of glass so 
■construoted that a ray entering along the normal to 
one end is reflected from the side (% total internal 
reflection) at an angle of 65°. It then strikes tho 
other side, and is again totally reflected at the same 
angle, and empiges along the normal to the other 
«nil. If the incident light be polaiiscd at an angle 
of 46“ to the plane of incidence, the emergent light 
will be circularly polarised. If the incident light be 
circularly polarised, the emergent beam will be plane 
polarised. Ibe rhomb therefore serves for testing 
circularly polarised light. 

Fret (Arohitect.) A classical ornament used on a 
flat surface, and consisting of a scries of fillets inbr- 
sooting, usually at right angles, so as to form various 
patterns. 

Frata {Mugic), ITifr sm.all transverse pieces of 
wood on fingerboards of guiiai's, zithers, etc., imme¬ 
diately above which the finger must be placed on the 
string to produe.e a given nolo. 

Fret B&v {Carp., rto.) A very fine saw fixed in 
a fnune, and worked by h:in<l or driven by a machine. 
It is used in cutting out couijilie-ated patterns in thin 
wood. 

Frette {Her.) A snbordinary. consisting of a 
saltire .and a masele. 

Friction {Phyx.) The force between two bodies 
in contact, which tends to prevent their relative 
motion. 

- i Coefficient of. If a body resting on a 

surface exert on tho surface a normal pressure P, it 
is found that the force F exerted by friction is a 
certain fraction of the pressure. This fraction is 
called the Ooeffxcjjjxt op Fuiction, and is usually 
denoted by tho (Ireek letter fn. We then have 
F = ^P. 

Friction Coupling {Ent/.) A coupling {q.v.) in 
which the two parts are cfiused to rotate together 
by the friction between the two halves of the coup¬ 
ling. These two halves arc of various forms; a 
hollow and a solid cone fitting into each other are 
often used. 

Friction Gearing {JSng.) Wheels which are caused 
to rotate together by the friction of one on the other, 
instead of by means of teeth. This arrangement is 
only used, as a rule, to transmit a very small amount 
■of power. 

Friction, Kinetic. The amount of the frictional 
force between two bodies while in motion is termed 
the Kinetic Pbiction. It is usually less than the 
static friction. /Sfec Friction, Static. Some examples 
■ of the coefficients of Kinetic friction are: 

Iron on oak, surfaces dry . . . -62 

„ „ „ surface soaped . . . *21 

Iron on iron, very slightly lubricated . dS 
„ „ „ surfaces well lubricated . ’04—*05 

Friction Rollcra {Png., etc.) Small wheels used 
to support the axle of a larger wheel. Tho small 
wheels rotate, and thereby abolish sliding friction 
between the axle and its bearing. Ball bearings 
1 ( 7 .v.) depend upon the same principle, and are 
ssuperior to rollers. 


Friction, Static. The amount of the frictional 
force between two bodies when just on the point of 
moving relatively to each other is called tho Stawo 
Fiuction, and the ratio of the frictional force to 
the pressure of one body on the other is called tibe 
COEi’PICIBNT OF STATIC FEICTION. 

Friedel and Craft’s Reaction {Chem.) Orionally 
only a method of preparing alkyl benzenes by the 
action of aluminium chloride upon benzene, ami an 
alkyl bromide or iodide, e.g. 

CA + C^U^Br = ariiO^Hs -t- HBr. 

Beszene. Baiivi. Bekzene. 

The reaction has been greatly extended; e.g. acid 
radicaLs can be introduced in place of alkyl radicals 
by using an acid chloride in place of an alkyl chloride 
or bromide, and benzene derivatives can be used in 
place of benzene itself. The reaction is also a re¬ 
versible one. Thus, if aluminium chloride be added 
to toluene and h 3 'drt)chloric acid gas passed into the 
mixture, benzene is obtained, and the liberated 
methyl chloride acts upon unchanged toluene, form¬ 
ing mctaxylnne and painxylene, 

Frielsebenite {Min.) A sulphantimonite of lead 
and silver, 5(1’bAgj)S. 2Sb„Sg. Monosymmetric. The 
.‘-ilver amounts to*22 or 23 per cent., so when at all 
plentiful it is a valuable ore of silver. From Saxony, 
Spain, and Bohemia. 

Frieze {Architeot.) The central division of an 
entablature between the architrave and the cornice. 
It is sometimes spoken of as the ZooX’HOBUS. The 
term ‘•frieze” is also used to denote any band of 
sculptured ornament and tljat division of the wall 
surface of a room immediately below the comice. 
tke Architectubb, Oedbes 6p; EntabIiAtube ; 

ZOOFHOBUa. 

- {Wttoden Manwfac.) A thick woollen nap 

overcoating. Usually made in Ireland. 

Frieze Panels {Joinery). An upper row of panels, 
especially the highest panels in .a si.x panelled door. 

Frieze-^ail {Joinery). Tlie rail between the top 
of a door and the middle rail: used in a six panelled 
door. 

Frilling (Photo.) An expansion of tho gelatine 
film by which it forms in wrinkle-s on the plate. 
This frequently accompanies the use of too soft a 
gelatine. It may also be caused by too strong a 
fixing bath. 

Fringe. A border or edging, generally consisting 
of n narrow band to which are attached threads of 
some material, either twisted or hanging loose- A 
fringe may be formed also by leaving the threads of 
the warp in a fabric after weaving, 

Frisbie’s Feeder (GZass Mamufae.) See Fubnaoes, 
Glass. 

Frisket (Printing). An iron frame on which 8 
sheet of paper is pasted. It is used in conjunction 
with the tympan of a hand press. Its purpose is to 
lift the printed sheet from the forme and preserve 
the margins clean. 

Prizing {Leather Manvfae.) Eemoval of a very 
thin layer from tljc grain surface of the skin is called 
frizing. Buff leather and much glove leather is 
“ frized.” Cf. Buffing, 

Frog (Build.) The recess on one side of a bri(^ 

- (Colton Manvfae.) A cast iron buffer for the 

stop rod of a shuttle protector of the fast reed 
type. 
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Front Heiupth iBuiU.) The pwtion of a hearth 
in front of the chimney breast. 

Frontispiece. The principal illustration in a book 
or magazine. Jt faces the title page of a book or 
other bound volume, but in a mag^ne the first page 
of lottoi-presR. 

Front Pntiy (JBuUS.) The putty put outside the 
glass after it is inserted in the sash. 

Frost {Mtiteorol.) When the thermometer sinks 
below the freezing point of water (0° C.=82‘'F.) a 
frost occurs. Sometimes in the British Isles pro¬ 
longed frosts take place extending over many weeks^ 

—, Geological Action of. Water finds its way 
from the surface into the tlivisional planes and oilnsr 
interstices of rocks of all kinds. When a frost comes, 
the water in the pjurts near the surface freezes, and 
expands in doing .so, 174 volumes of water becoming 
184 volumes of ico. This expansion takes place with 
a force which is equal to a pressure of 1,100 lb. to 
the square inch for each degree below the freezing 
point. As the temperature falls below freezing the 
ice contracts, and water may flow in to take its place, 
freezing in its turn. W'Jtti a thaw the ice again 
expands. Hence powerful mechanical forces are 
exerted, and the surface layers of the rock are 
shattered. 

Fructed {Her.) With seeds or fruit. 

Fructose (Oiem.) L^EWUiajj (</.v,) 

Frue Yanner {MKhif). A machine by which 
crushed ore is shaken uj) under moving water on a 
wide bolt ; a sejiaration of the lighter from the 
heavier parts of the ore gra<lually results. 

Fruit {Botany). That part of the flower which 
remains after fertilisation. The ripened ovai,> con¬ 
taining the seeds is the essential part of the fruit. 

Fruit Sugar {Chni.) li^EvuLOSE {y.r.) 

Fnchsine (Chem.) Also called Magenta; it is a 
mixture of the liydrocliloriile or acetate of rosauilmc 
and pararosanilinc, obtained by oxidi-siiig ti mixture 
of aniline, orthotoluidiuc, and parntoluidine. It is a 
lustrous green solid, dissolving in water with a 
splendid rod colour. Used in dyeing .silk, woo], 
cotton, and leather. See I*Ali.\BOSAXlLi.\E and 
Bosamlxxe, 

Fuens VesiouloBUB {Botany). The Bladder Wrack. 
It is one of our commonest brown seaweeds. To¬ 
gether witli other species of Fueus, it is used as a 
manure and also as a drug for reducing corpulence. 

Fuel. The material which is burnt to produce 
hc.at in furnace, etc. See Coal, Coke, Oil Fuel, 
etc. 

Fnghetta {Munir). A small fugue, i.e. not 

developed at any length. 

Fugue {Mmre). A contrapuntal composition con¬ 
sisting of the following parts:—( 1 ) Subject: the 
theme on which the fugue is founded, generally | 
given out by one part in the score. ( 2 ) Answer : the 
response to the subject; generally a transposition of 
the subject from the key of the tonic to that of the 
dominant. If the answer is an exact transposition, it 
is called a “ Ileal Fugue ” ; if modified to save modu¬ 
lation, then it is called a “ Tonal Fugue.” The answer 
is accompanied by the first voice, or part, and this 
accompaniment is known as the '* counter subject," 
and is generally in double counterpoint. (3) Exposi¬ 
tion : that section of a fugue ending with (he last 
entry of subject or answer (according to the number 


of parts) by the part that last enters. (4) Episode: 
free paa^es developed from material already heard, 
and serving the doable purpose of variety and modu¬ 
lation. ^ These episodes lead back to fresh entries of 
the subject or answer in new keys. (6) Stretto ; the 
drawing closer together of subject and answer which 
is often found towards the end of fugues. Besides 
these parts there is often found a cotletta—a few 
notes inserted between the subject and answer to 
lead more naturally from one to the other. The 
greatest master in this branch of composition was 
Bach. 

Fulcrum. The point about which a lever tum& 

Full ( hny.) A loo.se e.xprcssion indicating that the 
dimensions of some object slightly exceed their 
nominal value : the opposite of Babe {y.v.) 

Full Bound or Whole Bound {Bind.) Applied 
to a book the covens of which aro completely covered 
in leather or some exiMjnsive material. The highest 
stylo of work. 

Fullering {Bug.) (1) Producing grooves in forged 
work. (2) Caulking a boileriSj' hammering down the 
edge of tlie plates. 

Fullering Tool {Fng.) A tool whose end is snit- 
al)ly .shaped for [iroducing grooves of some required 
section. See FULLiiKiXG. 

Fuller’s Earth {Geol.) Literally a kind of clay 
which readily ab.sorhs grease, and especially the oily 
matter found in connection with sheep’s wool. In a 
geological sense the Fuller’s ilarth is a member of 
the .lunissie rocks, and is essentially a series of beds 
of clay and m.arl with nodular imisses of earthy 
limestone. It i ncl ude.s soui e bainls o f c lay suitable for 
the pnipose indicated by its name. In composilion 
it is a hydrous aluminium silicate of the approximate 
composition, silica—15, :ilninina=20, water=s=25 per 
cent., with other substances to 10 per cent. Found 
in various dull shadc.i of grey, green, and brown. 
Soft and earth^i ; soapy to tlie touch; very porous. 
From Beigate and Bletchingls in Surrey; near Batli, 
Kent, etc. 

Full Gear {Bug.) An engine is in full gear when 
the link motion {q.v.) is sot so as to produce the 
greatest amount of motion or travel of the slide 
valve. 

Fulling ( Woollen Manvfar.) See Felting. 

Full Moon (Astron.) The moon wlie?i in opposi¬ 
tion {q.r.) anti apjxiaring fully illuminated. 

Full Shroud {Fug.) A Bhbovd {q.v.) on a 
toothed wheel extending right ui> to the tips of the 
teeth. 

Full Thread {Fug.) A screw with its thread cut 
to its proper section; one which is luoperly com¬ 
pleted, as distinguished from a partly cut thread. 

Fulminates {ClieiH.) Halts of Fulminic Acid 
{q.v.) 

Fulminating Gold (asm.) AuN. NH,. SH^O. A 
green or brown solid obtained by the action of 
ammonia on auric oxide. "When drj' it explodes on 
percussion or on heating. 

Fulminating Silver {(Tltem.) HAg^ A black 
solid obtained by allowing a solution of silver oxide 
in ammonia to evaimratc. It is very explosive when 
dry; if touched with a feather it explodes ; less 
explosive when wet. 

Fulminio Acid (UAm.) C:K0H. The free acid 
is not known in a pure condition, owing to its in- 
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stabilitj; it decompoRes when liberated from its 
salts by acids, foitning hydroxylamine and formic 
acid. It smells like pmssic acid, and is poisonous. 
Mbboubio Fulminate, ( 0 :NO) 3 Hg (falmiuatii^ 
mereuiy), is obtained by dissolving mercury in nitric 
acid and adding alcohol. It forms white needles, 
insoluble in water. On heating or on percussion it 
explodes violently, forming carbon monoxide, 
nitrogen, traces of other gases (CO, and Hj), and 
mercury: it is very largely used in uie preparation 
of percussion caps and detonators for other explosives. 
Strong hydrochloric acid yields fulminic acid, which 
decomposes as above. With benzene and aluminium 
cblori<le it yields benzaldoxime, CgHjC: NOII (proof 
of constitution). Silvek Fulminate rosemi)le 8 
mercury fulminate, and is prepared in a similar way. 
It is more exjdosive than the mercury salt, friction 
with a glass rod being quite sufficient to explode it. 

Fumant {Her.) = smoking. 

H.c.coon 

Fnmario Acid II . A white 

noon.C.H 

crystalline solid sparingly soluble in water. It occurs 
in Iceland moss and in certain fungi. It is obtained 
from rnallic acid (y.r.), with which it is stereoisoraeric 
(sfc .Steeboisomkbism) by heating in a sealed tube 
to 200 ". or by acting ni)on it with hydrochloric acid. 
On heating, it gives maleic anhydride and water. 
Potassium perm.'inganatc oxidises it to racemic 
acid (y.v.) 

Fumarole {Orol.') A volcanic vent from which 
only gaseou^ prfKlucts escaije. 

Fundamental Bass That note from 

which u chord is built up ; also called the root. 

Fungi (^Botany'). A lowly cla-ss of plants of 
jiarasitic or saprophytic habit, and devoid of 
chlorophyll. They range from the simple thrcatl- 
like moulds to the complex mushrooms and 
toadstools. 

Funicle {Botany'). The stalk which attaches the 
ovule to the placenta. 

Funnel { Bag .) The chimney of a marine boiler ; 
somctiuios applied to thatof alocojuotive or portable 
engine. 

Fur. The long silky liair of many mammals. 
The furs of coiuuicrce are derived from the liare, 
rabbit, beaver, s.able, bear, marten, stoat, etc. 

- or Fir {Build.) To support a ceiling, etc., by 

Fubbiku { g . v .) 

Furoraa {Botany). A gciius of the Amaryl- 
Udaoetr, F. gigantou. From tnipicnl America; yields a 
valuable fibre called Maueitius Hemt. 

CH = CH 

Fnrfuraldehyde (Clwm.) 1 >0 . A 

(’ll = c . uno 

colourless liquid smelling like lieuzaldchyde: turns 
brown on cxpo.sure to air: somewhat soluble in 
water; readily soluble in alcohol and in ether: can 
be detected even in small quantity by the red 
colouration it gives wit.h aniline in jircsenco of 
hydrochloric aci^ It is obtained by di.stilling bran 
with dilute snlpliuric acid; also by distilling pentoses 
{e.g, Arabinoso) with hydrochloric acid. In its 
chemical behaviour it bears an extraordinary re¬ 
semblance to benzaldchyde; e.g, with dimethylaniline 
and zinc chloride it gives a green colouring matter 
analogous to maWhite green {q.v.) By the action 
ef dry hydrobromic acid gas on ketohexoses (e.g. 


Isvulose) and on cellulose, a purple colouration ia 
obtained: this is dne to a fnrfuraldehyde derivatives 

CH - 0 .CB^Br 

o-brommethylfurfuraldehyde, | >0 . v 

CH =. C.CHO 

CH =. CH 


Fnrfopane {Chem.), 



A coloi^less 


liquid with characteristic smell; boils at 89°: in¬ 
soluble in water. A pine sbaving moistened with 
hydrochloric acid is coloured green by the vapour of 
furfuranc. It occurs in pinewood tar. It is pre¬ 
pared by distilling barium pyromuoate. See MUOIO 
Acid and Acbtonyl Acetone. 


Furfurol {Ghent.) Fubpubaldehyde {q.v.) 
Furlong. Sec Weights and Measubes. 


Furnace, Electrio. 

of an arrange¬ 
ment by which 
materials can be 
submitted to the 
heat of an elec¬ 
tric arc. In one 
form (fig. 1) A 
is a mct<al base 
with a refractory 
lining B, inside 
whicli is placed 
a crucible 0 . 

Tw'O carbon rods 


The electric furnace consists 



Fio. 1 .—^Elsctkic FuasAOE. 


D and E are supported by holders o and H, insulated 
from the case. Materials can be introduced by 
removing the cover F. The current is supplied by 
leads K and f,, 'fhc furnace requires a potential 
difference of 5(i to 70 volts, and may use a current 
varjdng from 25 to 400 ampfercs. By the aid of a 
furnace of this form Moissan ha.s fused lime, and has 
obtained calcinm, chromium, etc., in the metallio 
form. Thp ilEBOOLT FUBNACB is shown in fig. 2. 
A is a casing 
of metal, H a 
lining built up 
of carbon 
plates c e- 
mented by c»ir- 
bonaceous 
jnatter,6‘.y. tar. 

This 1 ining 
forms the cni- 
cible, and also 
serves as the 
cathode {q.v.) 

The anode con¬ 
sists of a num¬ 
ber of plates of carbon e held in position by suitable 
clamps and insulated from the metal case A. 
Material can be introduced through openings at 
o and H, and fluid metal can bo withdrawn through 
a tapping hole D. The current enters by conductors 
K and L. Aluminium is now produced by means of 
furnaces of this pattern. 



Fio. 2.—EnEcraic Fukkaox (H4rouli). 


Fornace L<"ing {Metallurgy). Infusible material, 
such as fireclay, which protects the main walls of a 
tumaoe from the action of the heat or the corrosive 
effect of the molten metal and slag. In certain cases 
{e.g. the Bessemer converter) the lining itself con¬ 
tains materials which contribute to the process by 
a sBj R t.ing in the formation of slag, etc. 
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FnnuuJMt Okui ( 6fZast Matmfae,') Ulaes furnaces 
may be clOAsified either aocordl% to the method by 
ivMch they are heated or^he use for vrhich they are 
intended. The priaoipaJ forms are as follows;— 
Diebct PiBiua Fubkaob ; A fnmace, circular 
or rcctangnlar in plan, in which the fuel (coal 
or coke) is admitted either through an aperture 
at the side or ends, or from beneath. The latter 
metnod of supplying fuel may be effected by means 
of Fbisbib’s Feedbb, which is a mechanical con* 
trivance for winding up fuel from beneath the grate 
bars, through a circular aperture, into the furnace. 
It consists of a bucket or hopper with a movable 
bottom, which is forced upwards by a lever con¬ 
nected to the machinery. Gas Fuunace: This is 
circular or rectangular. The most economical is 
Siemen’s regenerative furnace. Coal undergoes de¬ 
structive distillation in a gas producer, and the gases 
formed, after passing through a Rbobnebatou, enter 
the furnace, where, on coming in contact with air, 
they burst into flame, producing intense heat. The 
hot gases, conveying waste heat from tlie furnace, are 
allowed to pass through other regenerative chambers 
(two pairs being employed), and these in their turn 
serve to heat up the gas as it passes from the pro¬ 
ducer, and lilso the air from outside, before it enters 
the fnmace chamber, A Tank Fuunace is insed for 
melting bottle and window glass. It consists of one 
long rectangular basin or tank, one end of which is 
semicircular, and at this end the working or gathering 
holes are situated. The raw materials are inserted 
at tire op]X)sitc end. The furnace is heated by gas 
(Siemen’s princi’cle). Floating vessels (^.v.') are placwl 
in the molten glass at the circular end, and from these 
the roeUl is gathered. Lead Glass Furnace : I’lds 
is circular in shatie, and contains from eigl^t to twelve 
pots, those in general use being about .‘1(5 in. wide by 
4pin. high, hooded or covered over. Space is allowed 
between each pjt as it stands upon the siege and 
within the furnace, to allow the hot gases to sur¬ 
round them previous to passing into flues, which are 
placed at each intervening .“ipaoc. The furnace can 
be worked cither by direct firing or on the g.xs 
regenerative principle. Sheet Glass Furnace ; 
This may be either a Pot or Tank Furnace, and 
can be worked as a direct firing nr as a gas furnace. 
It is rectangular in plan, w'ith an arched crown or 
roof. The pots, which are of)en at the top, are 
placed in parallel rows at the longest side of the 
fnrn’ace, which contains from eight to sixteen pots. 
A Plate Gi^ass Furnace is similar in construction, 
but before each pot hinged door.s (lined with slabs of 
fireclay) are placed, to allow the pot to be remo\ ed 
from the furnace for casting piirj'oses. A Glory 
Hole is a small furnace used for reheating the glass 
during manipulation or manufacture, 

Fnrnaoes, MetallurgicaL Hctalluigical furnaces 
may bo classified as follows: (1) Furnaces in which the 
fneland oreare in contact. These may be again divided 
into Open Hearths, constructed on very similar 
principles to the ordinary smith’s forge, and which are 
suitable for simple operations such as iiOASTiNO and 
Liquation (j'.u.); and Closed IlEARTjrs, in which 
the furnace possesses a tall body of more or less 
cylindrical form. Of the latter, the chief forms are 
the Blast Furnace and the Cupola Furnace. 
In the blast furnace (fig. 1) the body of the furnace 
is of brick or stone, often cased with wrought iron 
r)lates, or heavily hooped, and haring an inner lining 
of firebrick, separated from the outer portion by a 
layer of sand or cinders. This forms a porous mass 


through which 
gases et^telled from 
tlie brickwork can 
escape. The body 
is not truly cylin¬ 
drical, but usually 
widens out in the 
centre, resembling 
in section a part of 
two cones placed 
base to base. The 
widest part B is 
termed the Belly, 
the conical portion 
below the Belly is 
termed theBosH es, 
while the part 
abt»ve B is termed 
the STACK. The 
part from L to K 
is termed the 
Throat, and is 
surmounted by a 
Tunnel Head 
( not shown in the 
sketch). The 
lowest part A is 
termed the 
Hearth ; here the 



Flu. 1.— Blast Fckwapk. 


molten metal collects, with the slag floating on top 
ol it. The air or Blast is forced into tlie furnace 


by jets c. termed Tuyeres (q.v.). which enter the 
furnace some way above the hearth, •Usually the 
jets are each surroundcfl by a water jacket, and 
are then termed Water Tuyeres. The object 
of the jacket is to cool the nozzle of the jot, anti so 
prevent, as far as pos.sihlc, it.s rapid destruction 
by the intense heat of the furnace^ which may be 
o\or G. In tlie Scotch Tuyere the nozzle 

is formed of wrought iron tube, coiled to form a 
truncated cone, enclosed in an iron casing, the 
cooling water circulating through the whole 
c:oil. There is an opening inco the bottom of 
the turnaec, lea<ling out into a space P, called the 
Fore Hkakth ; the latter is closed by a wall of fire¬ 
brick D, termed the Dam, which is supported by a 
largo casting B, the i’LATii . 'There is an open¬ 
ing ill the top of the dam, termed the Cinder 
.Notch, through which slug is withdrawn, and 
another in the bottom, termed the Tap Hole, 
through whicli the molten iron can flow when re¬ 
quired. Ibis hole is, of course, closed during smelt¬ 
ing until a sufficient amount of fluid iron ha.s collected 
in the hearth. The charge of iron ore, coal, and flux 
is introduced into the fiimac.e from a platform o 
running round the top, termed a Chabchne Gallery, 
and it is caused to spread out by a large CONE H, 
which fits a cup or rim K round the mouth of the 
furnace. When the cone is lowered by a chain, a 
space is left tlirough wiiich the material can fall; 
when the (toneis brought back into place, the mouth 
of the furnace is thereby closed, and the waste gases 
escape by means of huge tubes LL, The heat carried 
away by these gases is utilised for heating the blast, 
and the gases themselves, consisting largely of 
carbon monoxide (CO), can be treated for the 
recovery of by-products and burnt as gaseous fuel. 
The Cupola Furnace is very similar in principle 
to a blast furnace; its chief use is the melting of 
cast iron for the foundry, (2) Furnaces where the 
ore or metal is not in contact with the fuel. These 
may again be subdivided, according as the metal, etc.. 
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fio. 2 .—Bevekbekatoky Fuiinaci:. 


ie placed on a part of tbe hecurth, bnt separated from 
tbe fuel, or placed in a special receptacle, sndi as a 
crucible, muffle, retort, etc. The first iand is usually 
a llBTiacBiziBATcmY Fttbhaoe (fig. S). The hearth 
is divided into 
two areas, A 
and B, separ* 
ated by a low 
wall of firebrick ^ __ 

D, termed the 
PiRB Bridge. p 
In the part A is 
the fire, in the 
otirer the metal 
or ore. The 
roof 0 of the furnace is so shaped as to deflect 
the flames from the fire down on to the ore, and 
thence onward to the flue. A I'uddling Fubn.vce 
is of this type, and is used with natural clranght(y.«).) 
in the conversion of cast into wrought iron by the 
operation of puddling (y.c.) Furnaces in wliich a 
special receptacle is used take a great variety of forms. 
In the simplest CEDCiBiE Furnace or I’OT Fcbsacb 
a crucible is merely sunk into the mass of burning 
fuel contained in a furnace of any convenient shape. 
In Retort Furnaces, used in the Belgian zinc 
process, the furnace is a vertical chamber, in which 
are fixed rows of closed retorts fy.e.) of fireclay. A 
Muffle Furnace nuiy he comiiareil to an oven ; it 
consists of a long flal-bottomed chamber of fircchiy, 
surrmmdcd by the fuel or hot gases, in which either 
crucibles o^ cupels (small shrillo'^ dish.es of bone-ash 
or other material of an absorbent nature) can lie 
placed. Gas Furnaces are used on a small scale in 
the lalioratory; they couf.i'.t of a fireclay body, into 
•which project burners of the Bunsen type, producing 
a non-luniinous flame oE very great heating power. 
On a large seffle gas furnaces arc conuuonly worked 
by a cheap gas of very low illuminating power, such 
as DowsoN Ga.s, Broduceu Gas, or Mond Gas (i/.r.) 
In the RBGENEB.VTIV 1 : h'URNACES of yiomeus .and 


■others the waste gases eseape through a chamber 
filled with a me.sh of brickwork, w'hich very soon 
Ixioomes heated. The waste gases are tlicn turned oil 
through another similar eliamher or Uko enf.hatoh, 
and tiie supply of uiiburnt gas or of air which sup¬ 
plies the furnace is allowe<l to enter through the first 
chamber. In this way a considerable amount of heat 
is utilised which would otherwise be wasted, and 


great economy of working is secured. 

Fornitttre {.Typog.') The term furniture includes 
all those pieces of wood or metal that are used in 
making margin for the folding of books; for fasten¬ 
ing the pages of type in the chase; or locking up 
forms when they are imposed. It is generally clusseil 
as reglet, fumiiure, sidcsticks, footsticks, and quoins. 


Forring or Firriii^ ( Carp.') Thin strips of wood, 
used to raise some part of a roof, floor, etc., sliglitly 
above the level of the timbers whicli csirry the weight. 

- {Eng.., etr.^ The deposition of solid 

matter in pipes, boilers, etc. The solids arc carried 
in tbe water (or other fluid) which flows through 
the pipes, either on suspension or in solution. 

Furs {Her.) See Heraldry. 

Fuse {Mining). The device used for igniting a 
bitting charge. Tbe old slow match and similar 
devices are now often replaced by aiTangement 
for producing an electric spark. Tbe latter device 
renders the time of fixing more certain, and is very 
much safer in case of a n^s-flre. 


Fusee ( Cloehis). A poUey' of twrying 
radius fixed to the arbor of the main wheffl 
purpose of equalising the “moment” of thiB']^:|^ df 
the mainspring. A continuous groove *cat Me its. 
surface from end to end carries the chain or cord. 
See Going Barrel and Maintaining Power. 

Fusil {Her.) A subordinaiy', of lozenge #hape. 
but of greater length than breadth. 

Fusion {Heat). Tbe melting of a solid, or the 
change from the solid to tbe liquid state. 

-, Latent Heat of {Heat). The amount oi^ 

beat required to mult unit mass of a given solid 
without raising its temperature. The latent heat of 
fusion is given out when tbe body solidifies again, 
and may give rise to a marked increase in tempera*. 
tore, which is well shown in tbe common iditure 
experiment on the solidification of sodium sulphate. 

Fustian {Textile Manufae.) A name for any class 
of grey cotton cloth of heavy make, having a weft 
pile surface which requires cutting, e.g. corduroys 
and velveteens. 

Fustic. A yellow wood used in dyeing. It is 
obtained from the trunk.s of two trees: (1) Ckloro- 
phora tinctorla (order, Moracea ); (2) Rhus eotimts 
(oixler, AnacnrdiM'v<p). 

Futures Cotton {Cotton Trade). A system of 
dealing by means of which a spinner may cover 
himself from loss when he has acc:epted a contract 
for spun yarn, and does not want to buy all his 
cotton at* once. This legitimate system has been 
greatly abused by gambling transactions. 

Fylfot {Her.) A mystic symbol saiil to be formed of 
four P's axi-anged in the shape of a cross; 
consequently called Gammadion. It has 
been extensively used as a decoration 
(perhaps a mystic symbol) in almost all 
parts of the world. 


g(Eng., Rhys., rfe.) The letter “g ” is used as a 
symbol ior the acceleration produced by gravity; <.e. 
about 32-2 ft. per sec. jier sec., or 981 cm. per see. 
per see. in England. 

G {Music). The sixth note in tbe scale of 0. 

Ga. Chemical symbol for Gallium {q.v.) . 

Gab {Eng.) A notch, catch, hook, etc., in a lever 
which enables a temporary connection to be made 
, between the lever and a projecting pin for actuating 
I some piece of mechanism. The connection can be 
made or broken as required. 

Gabbro ( Gcal.) A rook of eruptive origin which 
resembles granite in its structure, but consists of the 
same minerals as those forming liasalt and dolexite. 
The constituent minerals are usually one of the lime 
soda felspars and one of the pyroxenes, together 
with titaniferous magnetite. Olivine is generally 
present. It is usually a r(x:k of deep seated origin, 
and has, in most cases, been formed in the deeper 
part of the core of a volctuuo. 

Gaberdine {Cost.) A long loose upper garment, 
much worn in the fourteenth century, and at a later 
date by tiiephcrds, almsmeu, and .lews. 

Gable (Arehiteet,) That form of roof termination 
in wlii<‘h the end wall is emried up vertically above 
the eaves to meet the ridge. Such an md wall hi 
known as a Gable End. 
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fiab IieveP C^g-) A lever provided with a Gab 

C«p) 

Gad (Mining). A wedge driven into a crack in a 
rock to split it. 

Oadlin^B (Armmir). Bmall spikes fixed to the 
knuckles of gauntlets. Worn during the fovlrteenth 
oentoiy. 

Gagget (Glass Manvfac.) A SrKiNG Ponty (q.r.) 

Gait, Gaitlng (Textile Manufa'C.) (1) Tlie adjust¬ 
ment of a loom for weaving. (2) The space hetween 
two carriages when in working position on the 
machine. 

Oalaotose (Chem.), CH.,OH. (CHOHXCHO. A 
white cry.stalliDe solid (hexagonal platc.'«); melts at 
163°; is soluble in water; has a sweet taste; reduces 
FehUng’a solution about tbrecquarters as strongly 
as dextrose; it is dextrorotatory. It is obtained 
by boiling milk sugar with dilute sulphuric acid, 
removing excess of acid by baryta, concentrating 
and adding a few crjrstals of dextrose, when galactose 
crystallises out, leaving the dextrose in solution. It 
has the general properties of the aldohcxo-sc.s. See 
SUOABS. On reduction it yields dulcitol; on oxida¬ 
tion with bromine w.'itcrit yields the monocJirboxyJio 
acid GAbACTOXlo Acid; on oxid.ation with nitric 
acid it vields 1.he dicarboxylic acid Mtjcic Acid. 

Galaxy, The (Astron.) Another name for the 
Milky Way - the luminous belt of irregular wiilth 
and outline wliieh surrounds the heavens nearly in 
a great circle. 

Galbanom (JRi>tang). Ferula gaVhaniJlaa and 
F. euhricanlis (order! T’mhellifune). A gnm resin 
used in pharmacy, obtained from these and other 
species of Ferula. 

Gale (Mfiteorol.) A wind blowing with great 
fotrv, i.e. with a velocity of forty mile.s or more per 
hoar. The word has no very exact or scientific 
meaning. 

Galea (Amumr). The Latin term for a helmet. 

- (Botany, Zool., etc.) Ap})licd to varion.s 

Structures which either in shape, or function serve 
as a helmet; e.g. the upper lip of a labiate flower; a 
homy cap on tlie head of a bird. 

Galena (Min.) Lead sulphide, PbK. Lead = SG’d. 
sulphur = 13-4 per cent., with siltcr up to even 3 ])er 
cent. The silver probably exi'its as the isomorjihous 
sulphide Argeutite. Crystalline system cubic. Jlore 
often it occurs massive in veins with barytes, qmirtz, 
calcite, zinc blende, fluorspar, etc. WJien fresh it 
is a brilliant metallic grey; almost black when 
w-eathered. It splinters on attempting to cut it 
with a knife. Qf. Abgkntite. When the .silver is 
over 8 to 12 oz. to the ton ami worth extracting, it 
is called ABGEXTiFKltotls Galena, and the mines 
come under somewhat different conditions. If the 
trace of silver is loft in the leiid, it has rather more 
value for certain puriKJses, It i.s 1 he chief ore of lead. 
T^m Cumberland, Westmoreland, Northumberland, 
Cornwall, Leadhills, Isle of Man, etc., and a gi-cat 
many places abroad. 

Galilee (Architect.) A chapel, or a porch used as 
a chapel, usually built near the west end of a Gothic 
«hur(;h. The galilee ix>rcb of Lincoln Cathedral is 
on the west side of the south transept. 

Galileo (Asfron.) The celebrated Italian astro¬ 
nomer who lived 1664 — 1642. He was the first 
to observe the heavenly bodies by means of the 
telescope. 


Gall Bladder (Zoology). An outgrowth from the 
bile duct acting as a reservoir for the bile. It lies 
under cover of the lobes of the liver. 

Galleme. See Dtes and Byeino, 

Galley (Archtaol.) ( 1 ) A long low seagoing ship 
with one dock, at one time in common use in the 
Mediterranean. It was propelled by sails and oars, 
the rowens being generally slaves or criminals 
condemned to the galleys. They were frequently 
chained to the seats. ( 2 ) The term is also applied 
to Greek and Roman warships w'ith one or more 
banks of oars. (3) A large open rowboat. 

- (Typog.) A flat piece of metal or wood with 

ledge.s nn end and on one or two sides. It is used to 
receive type as composed. 

C.COOH 
nc CH 

GaUlc Acid (Cltem.), . Silky 

HOC COH 


COH 

needles; melts at 220°; not•'tsasily'Soluble in cold, 
readily in hot. water. It occurs in tea and some 
otlier plants. It- is prepared frcjm tannin (q.v.) by 
boiling with dilute .sulphuric acid, or from gall nuts 
by maceration and allowing the oold liquid from the 
maoonition to .stand in air, wlieii it ferments, forming 
gallic acid. When heated, gallic acid rields pyro- 
gallol, C„llj(OTi),, (q.v.) Ferric chloride gives a 
blue black prccipitatii. Its alkaline solution absorbs 
oxygen from tlie air and turns brown. On account 
of its })owor of reducing gold and silver salts to the 
metal, it is used in photography, 'llic ba.ric bismuth 
salt is nseil as a ilry anti.scptic under the name 
I)EKM.\l'OL. Ilciited with strong suljihuric acid, it 
forms IlirKiGALLIC Acid, a huxaoxy-antliraquinone. 


Gallium (Chem.), Ga. Atomic iccight, 70. A 
lilnish wiiite metal; melts at to a silvciy whil-e 
Ihjind, which does not riiadily solidifj ^ain. llie 
solid can be cut with a knife. ]t readily dissolves 
in hydrochloric acid or caustic soda solution. It is 
obtained by electrojusis of an alkaline solution of 
the .sulphaie. Gallium belongs to the aluminium 
group of metals, and torins an ammonium alum. 
The existence of this racial was prt*dictcd,and it was 
discovered by means of the spectroscope in zinc 
blendes from the Pyrenees, which contained less than 
sixteen jiarts per million. 

Gallocyanine ( Chem.), 


no ' XT 

HO-' Cell <5 VCeH,:N< 

rvfw I / N V/ Z' 


HOOC 


OH 

(CH,V 


Brilliant green needles, .sparingly soluble in water. 
It is obtained by the action of nitrosodimethylani- 
line hydrochloride on gjillic acid in hot alcoholic 
solution. It is an important dye, especially in 
calico printing, givhig violet shades. See 1)YBB 
AND BYMING. 

Gallon. See Weights and Measubeb. 

Galloon. A clo.so-wovcn braid composed of wool, 
cotton, or silk, combined with worsted; generally 
narrow. Used for trimming various articles of wear¬ 
ing apparel and on furniture. A kind of gold or 
silver lace, made of threads of gold or silver woven 
into a pattern; used on uniforms, etc. 

- (Lace Manufae.) When applied to lace 

means a double edged lace with well defined 
scallops. 
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Gallotaimie loid ( ChemJ) See HAsms. 

Oalloiray Boiler (Eng.) A form of Lancashire 
boiler provided with Galloway tubes. See Boilkbs. 

Galloway Tabes. See Boilebs. 

Galb (.Botany). Excrescences formed ou the 
leaves of tlie oa.k by the GaJl-wasp (Cynipg). The 
insect punctures and deposits its eggs in the tis.sacs 
of the leaf, and a poison introdu(%d causes an ezcre* 
sconce to form. 

Galmei (Min.) A synonyn for the silicate of zinc, 
HEiUIMobpbite Cs'.e.) 

Galon (Lane Mamifao.) Sec Galloon. 

Galton’s Stove (Build.) The principle in this 
stove is the utilisation of heat wliich in the ordinary 
firegrates would be wasted. At the back of the grate 
an air chamber is constructed which i.s provided with 
two openings, one connected with the outer air and 
the other with the room. Air from without enters, 
and, being warme<i by contact with the heated back 
and sides of the grate, ^jses up tln-ough a shaft which 
opens into the room between the mantelshelf and 
ceding. All communication is cut off between the 
smoke fine and the air shaft. This principle is taken 
advantage of in constructing and fitting modern 
grates. 

Oalton’s Whistle (PJiye.) A sounding pijie, re¬ 
sembling ill principle a very small closed organ pipe, 
producing a nolo of very higli frequency. Used in 
exi<erimenta on (he limit.s of audtlion. 

Galvanised Iron (Eng., etc.) Sheet iron coated 
with zinc in order to prevent oxidation. The proces.. 
is not electrical, us tiic name erroneously implies, 
but consists simply of dipping the iron into melted 
zinc. Under the influence of moisture and atmo¬ 
spheric irnpuiitie.s, tlic iron and zinc form an electric 
coujfle, and coiTosion of the iron results, nnholes, 
or small defects in the coating of zinc, facilitate this 
action. 

Galvanometers (AVcct.) A galvanometer is an in* 
strunient for detecting an electric current, or, within 
certain limits, for measuring its value. Praetieally all 
galvanometers depend for their action on the mutual 
effect of a magnet and an electric circuit, and they 
may be classified into two main groups. In the first 
or older form of galvanometer a small magnet is sns- 
pendeil or pivoted, so that it can turn freely inside 
a hollow coil of insulated wire which carries the 
current; in the second or more modern type, known 
as Suspended Coil Galvanometebs, a small coil 
suspended so that it is free to turn between the poles 
of a powerful fixed magnet. The first group include 
file following form.^: (1) The Simple Galvano- 
■flOOPB with a pivoted needle, controlled by the 
Earth’s field (and therefore pointing N. and S. when 
at rest), and only suitable for detecting comparatively 
large currents. (2) Astatic Oalvanometek, wifli 
two similar and nearly equal magnets rigidly fixed 
together parallel to eacli otlior, with their poles 
pointing in opposite directions. One needle is 
inside the coil of the instrument, the other is either 
outside or else in a second coil, in which the current 
flows in the opposite direction to the current in 
the first coil. As the two magnets are subject to 
opposite and nearly equal forces due to the Earth’s 
magnetism, the controlling effect of the latter is very 
small, and the instrument is very sensiti\e, i.e. it 
turns with a very minute current. A Sine Galva- 


nometeb is one in which the coil itself can ha 
rotated (by hand) about the same axis as that about 
which the needle turns; it is provided with a 
horizontal scale by means of which. the ai^ 
through which the coil has been turned can ^ 
measured. The coil is first placed so that the plane 
of its windings lies in the magnetic meridian. The 
current is then passed, and the coil rotated in the 
same direction as the needle until the latter again 
lies in the same plane as the needle, and the angle 
througli which it has been turned from its original 
position in the magnetic meridian is read. The 
amount of tho current is proportional to the sine of 
this angle, i.e. G — h sin d. A single observation 
on a current of known value gives tho value of the 
constant A. A Tangent Galvanombtbe is one 
with a coil of large diameter, usually wound on a 
hoop of wood or brass. lu the centre of this hoop 
is suspended (or pivoted) a short magnetic needle, 
which is usually provided with a long pointer 
moving over a fixed scale, by means of which the 
deflection of the needle may be observed. The coil 
is set in the plane of the magnetic meridian; the 
current is then proportional to the tangent of the 
angle of deflection, or 0 =« K tan 0. The constant 
K is termed the llEDiiCTloN Factob of the instru¬ 
ment. It may bo found by means of an observation 
of the deflection produced by a known cunent, or it 
may be calculated from a knowledge of the size and 
number of turns of wire on the coil, if the local 
value of the Earth’s horizontal magnetic force be 
known. If the average radius of the various turns 
of wire con.stituting tlie coil be r, and the number of 
turns be n, and II Y>e the horizontal magnetic force, 
0 the deflection produced by a current whose amount 


in absolute units is C, then C = IT -I_ tan B. The 

‘J-TTIt 

quantity-1 i.s often denoted by G, and is known 


as the GAlvanometbb Constant. Thus tho Re- 
duction Factor is equal to the horizontal magnetic 

"TT 

force, divided by the galvanometer constant, or E = — 

G* 


In all the above galvanometers a small deflection 
can only bo detected by fitting a long pointer, which 
adds considerably to the mass (or, rather, to the 
Moment of Inertia) of the suspended magnet, and 
rei luces il s sensitiveness. To overcome this difficulty, 
the Reflecting or Mibbob (Salvanometeb is use&. 
This possesses a small magnet fixed to a veiy light 
mirror. The system is 6u.spcnded inside the coil of 
the instrument by a fine fibre of uiispun silk or of 
quartz. See Quabtz Fibbes. The deflection may be 
observed in two ways: in the system commonly used 
in England a beam of light is thrown by means of a 
lamp and a suitable lens on the mirror, and reflected 
by it so as to fall on a divided scale. The beam of 
light then serves as a weightless pointer, whose length 
may be increased at will without affecting the mass 
of the moving piirts. In the second method, which 
is the one most used in Gennany, a reading telescope 
is focussed on the mirror; a divided scale is fixed 
in a horizontal position just above or just below the 
object glass of the telescope, and the image of its 
divisions can be .seen reflected in the mirror. As the 
latter turns, successive divisions are brought into 
view, and the amount of the deflection cah be read. 
It should be noted that tlic beam of light turns 
through twice the angle of deflection of the mirror. 
A mirror galvanometer is usually fitted with a CON- 
TBOLLING Magnet, which is attached, with its axis 
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rizuntal, to a verti(^ rod projecting from the top 
tlie instrament. By taming this ^magnet, the 
galvanometer needle may he brought to rest in any 
convenient jMsition, independent of the magnetic 
meridian. By raising or lowering the magnet, the 
sensitiveness of the galvanometer may be increased 
or diminished. The sensitiveness of a galvanometer 
may be increased by nsing a very large number of 
^ turns of wire on tl)e coil, by diminishing the radius 
■ of the coil, and by making the suspended system as 
light as possible. In this way instruments have 
been constructed which are capable of detecting a 
* cuntlit of 10“*® amperes, a current so small that it 
•^would require centuries to liberate a cubic centimetre 
of hydrogen (J. J. Thomson). The second group, 
thg Sd'spknded Coil Galvanometbks, posseas a 
powerful fixed magnet, bent into a horseshoe shape, 
0^ that its poles are close together. In the gap 
be^een the poles a coil of fine insulated wire is 
gaspended by a very thin flat strip or a fine wire, 
which serves to conduct the current from one ter¬ 
minal of the instrument to the coil. The (lircuit is 
i^mpleted either by a second suspending wire along¬ 
side the first (thus forming a bililar suspension) or else 
by a wire or helical spring rnnning from the lowest 
point of the coil to a conductor fixed on the base of 
the instrument. This claas of ini»truii)ent are often 
i termed D’Arsonval Galvanometers. They arc 
unafiected hy the Earth's magnetism or any other 
external magnetic field; they can be made practically 
dead beat (vidi- infra), and can be constructed to work 
in various positions. The following definitions apifly 
to both classes of galvanometers alike: An Aperiodic 
or Dead Beat galvanometer is one in w'hich the 
suspended system (needle or coil) is prevented from 
swinging backwards and forwards after the current 
has either ceased or become steady. The cheeking 
of the motion,i8 termal Damping ; it may be effected 
by mechanical or by electrical means. The best 
method, applicable to the D’Arsonval type, is to wind 
the coil on a metal frame or enclose it in a metal 
tube (Ayi’ton and Mather’s method'). As this frame 
or tube oscillates in the magnetic field between the 
poles of the magnet, currents are induced in the 
metal which tend to bring it to rest (see I.enz’s 
Law), a Ballistic Galvanometer is one in 
which the damping is very sligl.t; it usually pos¬ 
sesses a compamtively heavy needle. It is used for 
measmiug the transient currents produced when a 
quantity of electricity is discharged through the in¬ 
strument. The sine of half tlie angle of the first 
swing is proportional to the total quantity of elec¬ 
tricity which has passed through the coil. The 

exact expression for this quantity is Q = ~ sin 

, jr (r 2 

in which Q is the quantity of electricitj% H the 
strength of the Earth’s field* (or, more generally, of 
the controlling force, which may not be due to the 
Earth’s field), T the time of swing of the needle, Q 
the galvanometer constant, and e the angle through 
which the needle swings. Tlie degree of sensitive¬ 
ness, or Figure of Merit, of any galvanometer is 
determined by the amount of current required to 
d^ect the needle (or spot of light) through one 
^vision of the scale. In a reflecting galvanometer 
this will depend upon the distance between the 
mirror and scale. 

Oambeson (Armour), A tunic of thick cloth or 
iMther, wi-rn in the thirteenth and fourteenth cen¬ 
turies as a defence, or under the habergeon or 
baaberk to prevent obafing. 


Oainb^e. A gum resin derived from a tree 
(Garoinia; order, t^a^D^sra) which grows extensively 
in Biam and Ceylon. It Is usually imported in the 
form of sticks or cylinders, but sometimes in oa^s 
or lumps. The rosin is soluble in ether, alcohol, and 
water. It gives a bright yellow colour, and is em¬ 
ployed as a water colour, but is not permanent, i,e. 
is bleached by the sunlight, ft is not much used 
ground in oil, but is useful as a bright transparent 
glaze. It is employed somewhat extensively for 
colouring yellow spirit varnishes and golden lacquOrs. 
Analysis shows gamboge to consist of about 3 part* 
r«!sin and 1 part gum. 

i Ganglion (Zoohtgy). A group of nerve colls ocour- 
I ring in cunncctiou with nervas. 

, Oangue (Mining). A term for the matrix which 
j encloses the ore within a metalliferous vein. It may 
I consist wholly or in part of broken pieces of the 
country rock, or it may be mixed in variable propor¬ 
tions with any of the vein minerals, such as quartz, 
barytos, flaorsiw, oalcite, limonite, etc. 

Gangway (Mining). A general name for a 
passage. 

Gannister (Geol.) A compact and usually fine 
grained sandstone consisting of nearly jmre qnartz 
grains cemented by a siliceous matrix. It is, in fact, a 
variety,of quartzite (g.v.) wldch occurs in connection 
with some few coal seams. 11 is of considerable com¬ 
mercial vixlue as a constituent of tiic refractory 
materials used for lining iron furnaces and other 
chambers e.vposed to a very high temperature. 

Gantimes ( Cotton Mamfac.) Beams or girders to* 
support, .iacquard machines over power looms. 

Gantry (liuild.) A stage built over the pavement 
to work on ; foot passengers ])ass underneath. 

- (^>ig.) The frame which carries the mechan¬ 
ism of an (overhead crane. 

Gap Bed (Eng.) A Ifitlic bed having an opening 
neiir the headstock to admit an (object of larger 
diametef (e.g. a wheel) than the actual distance 
between the line of centres and the surface of the 
bed. When not in use the gap can he filled by a 
casting termed the Bridge or GAP Bridge, whose 
upper surface is similar in form to, and continuous, 
with, the lathe bed. 

Gap Bridge (Eng.) See Gap Bed. 

Gap Lathe (Eng.) A hit tie with a Gap Bed (q.v.) 

Garage (Motor Cars). A depot for the storage 
or (.storage and repair) of motor cars. 

Garden Wall Bond (JJnUd.) A method of bond¬ 
ing 9 in. walls, one header to every third or fourth 
stretclier. 

Gargoyle or Gurgoyle (Arohiteet.) A spout pro¬ 
jecting from the face of a building and throwing 



Gargoylx. 

the water from a gutter clear of the wall. They are 
sometimes quite plain, but more usually grotesquely 
carved. 
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Qanief This same U spplisd to a group 

of minerals, all of which coa^ of anhydroas sili¬ 
cates, eiyst^slng in forms of the cumo system. 
The following are the more important: 
a) Oaleium AtQ]iiiiiltu& Oaruet . (Oa^Si.O,, . 

(2) Maese^umaiiuiaiklam Gamat (Mk.sLu,. . 

’~nn»iAltuninhtmOanut , . (F«atU.O,,. 

) Hbubumm Atesiinlum Gsmet (Mn.SuO,, . 

I OaMum Iron Oamet. . , . (Ca,ei,'0,,. 

I Caldum Ohromlnm Garnet . (Ca,8i,0,,. 




damleidte (Min,.) a hjdrous nickel magnesium 
silioate, containing approximately 30 per cent, of 
nickel oxide. It is an amorphous mineral, apple green 
to white in colour, occurring in considerable quantity 
in veins in serpentine in New Caledonia. Also found 
in the XJiuted States. 


OaPter, OrdeP of. The Order of Chivalry in¬ 
stituted by Edward III., one of tlic most fanrous in 
the world. The emblem is a blue ribbon bearing the 
motto, “ Honi soit qui mal y }rense," in gold lettess. 
It is always represented as part of the Hoyal Arms, 
and surrounds the shield. Members of the Order 
also wear other insignia, including a collar with the 
“ Qeoige,” the star, the mantle, and the ribbon of 
blue, to which is atta«i»ed the “ Badge " or “ Leaser 
George.” Knights of the Garter place after their 
names the letters K.O., which takes precedence of 
all other titles. 

Oarth (A7vi^it6ot.) An enclosed space, such as 
the quadrangle enclosed by the ‘ cloisters. &•« 
Cloisikhs. 

Gas (Phijx., etc.) A gas is a fluid which, when 
Inti-odnced into any given vessel, exjands and fills 
the vessel. Jt has no finite surface or volume of its 
own, both being determined by the surface and 
volume of the vessel in which it is contained. 

Gas Barrel. Tlie wrouglit iron tube used for 
conducting gas from the large mains (nsnally of 
ca.st iron) into buildings, and up to the point from 
which it is di.stributed by “ compo ” pipes (an alloy 
of lead). 

Gas Carbon (CJiem.) A dense form of nearly 
pure carbon found lining llic retorts in_ coal gas 
making, sometluie-s called artificial giaphite. It is 
used in making the carbon electrodes in arc lamps, 
and in m.aking the carbon poles of Bunsen and other 
primary cells. 

Gas Coke. The ordinarj' coke resulting from the 
distillation of coal in gas works. Distinguished in 
the arts and trades from coke which has been 
prepared in ovens for special use in metallurgical 
or other operations, which is usually much harder 
and denser than gas coke. Cokk. 

Gaa Cylinders (Lantern TlfwS). Compressed 
gases arc sent out in steel cylinders, whose capacity 
is given by the number of cubic feet of gas measured 
at atmospheric pressure, which C/Un be pumped into 
them without the pre.ssare rising to a dangerous 
amount. A 40 ft. cylinder is almut .32 in. long and 
DJ in. diameter. The mouth is fitted with a valve 
opened wid closed by a strong screw. 

Gaa, Diuociatlon of. The splitting up of a 
complex molecule of a gas into simpler molecnles 
or into single atoms. 

Gaa Enj^ines. The term Gas Engine is often used 
asasynouym for an Ixtkbnal Combustion Enginb, 
i.e. one in which the energy is obtained by _ the 
oombostion or explosion of a gaseous charge, mixed 
with air, in the cylinder of the engine itself. It 
is more correct, however, to confine the term to 


those engines which are gapnlfed vrith |;aa tnaih* 
factored by ^parate plant, as olstingdlihed {Ran dl|> 
and petrol ed^nes (j'fv.) A somewhat dia^eiunmaiio 
r^resentation of a typical gas engine (C^slc^l^) 
is given in the figure. A is a piston (of the TaMiK 



Gab Bnoine, 

or tubular form) working in a cylinder B, andfe 
attached by a pin at o to a connecting rod p. The 
connecting rod actuates a crank B, and drives the 
main shaft F, on which is the flywheel of the engine. 
The cylinder is surrounded by a water Jacket GO, 
through which a current of cold water flows, in ordet^ 
to prevent the cylinder from becoming overheated. 
The Admission Valve h is opened by the valve 
gear at the commencement of a cycle (vide infra). 
Just as the piston commences to move from left to 
right. A mixture of gas and air is drawn into thb 
cylinder during the stroke; at the end of the strokb, 
H is closed, and the piston, as it returns, compresses 
the mixture of gas and air in the space K, which 
is termed the Cleaeancb Space, OompeessioN 
GUAMBEB, or Ignition Chambeb. The mixture is 
then ignited (caused to explode) by the opening of 
a timing valve, wliiol* allows a portion of the gas 
to flow into an IGNITION Tra® L. This tube is 
maintained at a red heat by means of a burner in 
the Ollier tube M. The expl'o.siou of the ga.s in the 
cylinder drives the piston forward again, thus per¬ 
forming useful work, a portion of which is stored up 
in the flywheel, and serves to keep the engine running 
during the remainder of the cycle. The completion 
of the series oC operations is effii'Cted by the opening 
of an exhaust portN; t'le return stroke drives out 
the burnt gases, and when this operation is complete 
N closes, H opens, and a fresh cycle begins.^ The 
vf Ives arc gencmlly worked by me.ans of a subsidiary 
liAY SiiAra driven from the main shaft F by bevel 
gearing; suitable cams and levers connected to this 
shaft aetnatc all three valves; vh. H, N, and the 
Timing Valve, which controls the ignition. This 
complete Cycle or series of operations ocenpios two 
revolutions of the engine or four strokes of the 
pUton; it is termed the Otto Cycle. The engine 
has only one working stroke ont of four, or one 
impulse in two revolutions, and the action of the 
engine will be very unsteady unless a veiy heavy 
flywheel be employed. For this reason modifications 
of the simple type described above are now made. 
One class of gas engines is made double acting, so 
that an explosion occurs on each side of the piston 
alternately. In another form, often termed Tw^ 
Btbokb or (incorrectly) Two-Cycle engines, the 
charge is forced into the tylinder before the end Of the 
exlianst stroke by means of a separate or Disflaobb 
Pump. The compresrion is completed in the cylinder 
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by the main piston, and the ignition and working 
stroke follow as in the OTTO CtOlb. The nuun 
T^ston may seive as a displacer, dia'wing the charge 
mto the &ont end of the cylinder or into a Crakk 
Chawbbr, an enclosed space containing the piston, 
connecting rod, and crank, and provided with air¬ 
tight bearings for the crank shaft and with a suitable 
valve for the admission of the gas and air. In this 
space the charge is compressed sufflciently to force 
it into the main cylinder, just before the end of the 
letum or exhaust stroke, as above described. The 
fresh charge serves to expel the exhaust gases; 
the exhaust port then closes, and compression occurs. 
This two-stroke cycle has been applied both to large 
and small engines, and especially to small petrol 
engines (y.r.) The changes in pres.sure and volume 
which occur in the cylinder of a gas engine arc well 
shown by its Indicator Diagram (^.r.) The 
methods of igniting the cliargo, which are to a large 
extent common to all classes of internal combustion 
engines, are dealt witlj under Ignition (?.»•) A’tt’ 
aUo Oil Engines and Petrol Engines. The 
theoretical efiSciency of a gas engine {nee Ekitciency 
OF Heat Engines) is much higher than that of a 
steam engine; this is due to the very high tempera¬ 
ture attained by the gases after the exxilosion. This 
efficiency may be as high as •? or -S; tlie practical 
efficiency is less than one-third of this. Hut owing 
to the high theoretical efficiency, it i.s more econo¬ 
mical {i.e. more work is obtained) to turn fuel 
(coal or oil) into gas, and use it to drive a gas 
engine, than to use the fuel cither in the solid or 
liquid form to produce steam for a steam engine. 
On this account the use of gas engines is largely 
incrca.sing, e.«pccially in cases where, a cheap form of 
gas, such as Mond Gas iq.v.\ can be obtained. 

GaseouB Fuel (Enff.) Coal gas is emplo.vodto lioat 
very small furnaces. On a larger .scale, I’roducer 
Gas (y.®.) is nsed on account of its much greater 
clieajuiess. Sre Furnaces. 

Gaseous Steam CEng.) Steam which has been 
heated to above its saturation temperature, i.c. 
SUPBRIIB-ATED STEAM (q.r.') 

Gases, Density of (.Phy*.') See DEKairr of 
Gases. 

-, Diffusion of .Sec Dipjx^sion. 

- , Expansion of {Phyn.) See Expansion. 

- , Kinetic Theory of iPityn.) See Kinetic 

Theory of Gases. 

- , Liquefaction of (Phys.) See Liquefaction 

OF Gases. 

- ,Yeloeity of Bound in (Phyn.) See Velocity 

OF Sound in Gases. 

Gas Govepnops. See Gas Eegulators. 

Gasket (Eny.) Hope or yarn plaited together and 
used with grease for filling or jiacking the stuffing 
boxes (;.t>.) of engines. Also metal packings of 
various materials used in fixing boiler fittings to the 
boiler shell on surfaces which ciannot be “ faced.’ 
Gaskets of fine brass wire (set in red-lead putty); 
corrugated copper (most serviceable for large joints 
which have to be taken apart periodically); hard 
rubber; or sometimes merely cop^ wire or small 
lead pipe laid in a groove on the flange, are among 
those most commonly employed. 

—— iPlvmh.') In plumbers’ work tow (gasket) 
is packed round the spigot in the socket of an iron 
pi^ before the lead is run in. 


Goa LiqaoB(t7%0m.) When coal is dry distilled, 
as in coal gas making, there are nrodnoed liquid 
as well as gaseous piquets. The liquid products 
separate into two layers: the lower layer is coal tar 
and the upper layer is a watoiy liquid containing 
compounds of ammonia. To the watery liquid is 
added tlie water nsed in washing the coal gas free 
from ammonia: the whole is what is caUod gas 
liquor. It contains a large number of ammonia 
compounds, chief among which are the carbonate, 
chloride, sulphide, thiosulphate, and cyanide. Gas 
liquor is the chief source of ammonia and its com¬ 
pounds. Si-e aUo Gas Manufacture. 

Gas Manufacture. The d!>sbillation of coal, as 
carried on in gaswprks, gives rise to three main 
products: A. Coal Gas: B. Coal Tae; C. Am- 
MONIACAL or Gas Liquor. Each of these is a very 
conqdex mixture of various substances, and the two 
latter serve as the raw material for the preyiaiation 
of a very largo number of organic substances- The 
actual processes, as carried on in the gasworks, 
are described here. 

A. Coal G as.—Co.t1 of suitable character is heated 
to a red heat in tubular chaillTwrB of fireclay, known 
as llETOETS, from which iron pipes serve to convey the 
gaseous priMlucts to the Condensing Apparatus. 
The end of the pipe from each retort is bent over, 
forming a Dip Tipe, which dips from 1 to 3 in. into 
water contained in a large horizontal tulje, termed the 
Hydraulic Main. The more volatile products con¬ 
dense in this main, ami are drawn off into a receptacle 
called the Tab Well. The gas now passes through 
a series of vertical tubes exposed to the cooling 
action of the air. This apparatus is called an 
Atmospheric Condenser. The lower eud.s of the 
tubes dip into water, in ahiv-h more of the volatile 
con.stituenfs (chiefly tarry) e.ondense as the gas 
gradually cools down. L'p to this yjoirit the gas has 
been kept at a pressure less than that of the 
atmosphere by moans of exhau.sting pumps ; but 
after passing the condensers it is forectl through 
the remaining parts of the app-aratii.^ under pressure. 
The next step is to remove ammonia and other 
soluble gases by subjecting tiie gas to the action 
of numerous finely divided .streams of water in 
Washers or Scbubbetib. These were originally 
toll iron cylinder.? filled with coke, through which 
water trickled slowly. Rcrubbers are now much 
more frequently filled with hoards, abftut a foot broad 
and a quarter of an inch thick, placed on edge, about 
threequarter.s of an inch apart, each one being 
placed at a different angle from the one above k 
This yiattern of scrubber is far more effective than 
the old pattern, wliich became choked with tar, in 
which condition it lower«‘d the illuminating power 
of the gas. On leaving the scrubbers, the gas has 
lost most of its tar and ammonia comyKJunds; but it 
still contains carbon dioxide and various sulphur 
compounds, which must be removed. This is done 
by passing the gas through }'urii<tbbs, which are 
shallow perforated trays or sieves filled with moist 
lime, hydrated ferric oxide, and sometimes Weldon 
mud (q.v.) The process of purification varies con¬ 
siderably in different works, the main point being 
to reduce the impurities to a certain amount fixed 
by law, and at the same time to secure the sulphur, 
etc., in the form of a useful by-product. The lime 
in the purifiers absorbs the carbon dioxide and 
sulphuretted hydrogen, forming calcium carbonate 
and calcinm sulphide. As the lime has a greater 
affinity for the carbon dioxide, the sulphuretted 



GAS 


249 


GAS 


liydiogen is gi^nally expelled, passing on to the 
next box. Oaloinm sulphide (free &om the carbonate) 
is thus formed, and this arrests the carbon bi> 
sulphide, CB|, in accordance with the equation 
CaS +OBjSs: Ca08^ The process is still further 
accelerated by the introduction of a small percentage 
of oxygen. After leaving the purifiers, the gas 
passes into Gasholdbbs, in which it is stored under 
suitoble pressure ready for distribution. The com¬ 
position of coal gas is variable; an average 
specimen might contain, approximately, hydrogen, 
60 per cent; marsh gas, 33 per cent.; carbon mon- 
oxide, 10 per cent.; olefines, 4 per cent.; oxygen, 
nitrogen, carbon dioxide, sulphuretted hydrogen, 
etc., 3 per cent. If the Illuminating I'owbb (r/.®.) 
is too low, the gas must be enriched; this is done 
by the addition of Oil Gas, obtained by heating a 
heavy hydrocarbon oil, usually a Pabafbin of 
density *8 to "9, or by the addition of ACETyLENK 
(y.r.) By this means the illuminating power is 
brought up to the standard fixed by law. This is 
usually fixed at such a value that a burner of .specified 
form, when consuming 6 cubic feet of gas per hour, 
shall give a light of sateen candle power. 

B. (‘OAL Tab DistiiJLation. —The crude or raw 
material for this induslry is furnished by the gas¬ 
works, and is known as gas tar. The constituents of 
this substance escape from the retorts, and are 
condensed in the hydraulic mains, condensers, and 
scrubbers. It laillects in large vessels calltKl tar wells, 
and is cither reserved for sul)8e<juont treatment by 
the gas comj)any, or else, as is more usually the case, 
it is sold to the tar distiller. In its crude condition 
gas tar always contains a certoin quantity of 
ammoniaoal liquor (gas li(juor), from which it mu.st | 
be frcjed before it umlorgoes distillation. Tins 
preliminary dehydration (as it i.s called) takes place 
in large wrought iron vessels provided witli a dome 
top. Below the dome, roof, but near the top of 
the vessel, there is fitted a small ovei-tlow pipe 
and cock. When the first clutrge of tar is run in, 
tl>e vessel is “ fired ’’ from below. As the tempera¬ 
ture inside rises, the tar becomes thinner and 
its bulk becomes greater. The contained water 
in it griu.lually visiis to (he surface and accu¬ 
mulates (here. It is then gradually' drawn off by 
means of the overflow pi|>e mentioned abo^ e. When 
all the contained water has thus been drawn off, tlie 
tar. having a greater specific gravity, remains behind 
in the still. In addition to an overflow pii)o, there 
is fitted near t.he bottom of the still an exit pii>c, also 
fitted with a cock. This serves to run off the pitch 
when the whole process of the distillation of the 
charge has been performed. The gaseous products 
of distillation (liydrocarbons) are carried away by a 
pipe leading to a cond<>nscr. This consists essenti¬ 
ally of a coil or worm immersed in water in a 
cylindrical vessel. The pipe through which the 
gases escape leaves the still at the tup of the dome, 
and is, at the commencement, of con.sidcrable 
diameter (about 12 in.), which, howc\'er, rapidly 
ditninislics to about 6 in. It makes a sharp turn in its 
direction at this point, being bent almost at right 
angles. In arldition to this tube, the still is provided 
with a manhole ami safety plug fitted on to the dome 
roof. The principle which underlies the method 
of tar distillation is that known as frac,tional 
distillation." It consists in the separate collection 
of various groups of volatile-oils by taking advantdge 
of the fact that between two given temperatures a 
particular group or family of compounds will pass 
over from the still, Ihus permitting a preliminary 


classificatioiu These oompotmds undergo condensa¬ 
tion as they pass through the condenser, and subse¬ 
quently flow into a receiver." The usual classifica¬ 
tion of these compounds adopted in practice 

I. Crude and light oils, distilled up to 17^P i 

II. Crude carbolic (phenol), distilled up to between 
170 and 230°; III. Heavy creosote oils, distilled 
up to between 230 and 270°; IV. Anthracene oil, 
distilled up to over 270°; V. Pitch, residue in tar still. 

I. Cbude and Light Oils (averse specific gravity 
about '98): These contain a variety of substances, and 
in order to effect their separation, a further process of 
distillation takes place. During this rerlistillation, 
whilst the temperature is between 80 and 110°, two 
important compounds are driven off. These are 
known as Benzene and Toluene, and form the 
basis from which the commercial products known as 
“ 90 per cent. BENZOL ” and Toluol are prepared. 
The liquid which is collected in the receiver during 
distillation between 140 and 170° is commonly 
known as Solvent Naphtha. II. Cabbolio 
Oils : These are heavier than the preceding group, 
I>ossessing an average specific gravity of 1 -(X):). The 
two most important compounds derived at this 
stage arc: (a) Naphthalene, (6) Cabbolio Acid. 

(a) Naphthalene: This substance crystallises 
out on cooling in large colourless crystals. It is 
drained and pressed to squeeze out any adhering 
carbolic. It is then agitated with concentrated sul¬ 
phuric acid, and subsequently with caustic soda. The 
<'austio alkali dissolves any carbolic acid that may 
have been retained by the naphthalene. This 
latter then undergoes a final distillation or sublima¬ 
tion. When pure, it is often sold as a white solid 
substance, known variously as “ pure candle naphtha¬ 
lene,” “ albo cai bon,” or simply as “ carbon,” which is 
merely a trade nara«:, as it is a complex hydrocarbon. 
(ft) C.VBBOLic ACID: This coinpoimd, having been 
dissohed in the caustic soda solution, is recovered 
by neutralising with uix)n which the carbolic 

acid separates out as an oily liquid. This oil is then 
wa.shed with water and is redistilled. It is usually 
prepared for the market either as “carbolic acid 
crystals” (pure)or as “liquhl carbolic acid” (impure). 
Its great value lies in its properties as a disinfectant 
and antiseptic. HI, Heavy Ceeosotb Oils: TJiose 
arc distilled over, and coHoctcM:! at temperatures 
ranging from 230 to 270°. As these oils beeomo free 
from the presence of crude carbolic acid, they are 
e.haractcrised by an oily, greasy nature, and possess 
lubricating properties of a soinewivat inferior kind. 
The colour is usually a yellowish green. Creosote 
oils may be considered as consisting of two main 
yioriions: the first, known as “liquid creosote” 
(yellow creosote), and the second, a greenish grease 
or oil. Liquid creosote is used as a liquid fuel and 
for illuminating purposes. Tlie ordinary creosote 
is largely used for “pickling” railway .sleepers. See 
Oeeosoting. Creosote contains about 4(» per cent, 
crude naphthalene (creosote salts). These salts 
sejiarate out from the oil, and are deposited in 
very largo quantities at the bottom of the storage 
tanks in which the liquid is run for storage and « 
cooling. After cooling, the crude creosote salts can 
be shovelled out and allowed to drain. These salts 
have a ready sale, as the raw material for refined 
naphthalenes. IV. Antheaoene Oil : These bodies 
arc collected at tcinperatnre.s of 270“ and upwards. 
They may Ixj regarded as hydrocarbons which ore 
solid at ordinary temperatures. They are separated 
from the liquid hydrocarbons associated with it by 
treatment in filter presses or hydraulic presses, after 



GAS 


230 


GAS 


oooUiK. This process extracts the greea antbiacene 
oU. I^e erode antiuracene ooatains about 30 per 
beut. pure anthracene. It is eithet sold as such or 
undergoes further purification, snob as washing with 
solvent naphtha, to free it from its impurities. This 
jields an anthracene of 60 per cent, or even higher. 
Anthracene may be regarded as one of the most 
important products of tar distillation, owing to the 
fact that AliiZABlNS—so iraixjrtant in the manu' 
facturo of dyes—can be synthesised from it. V. 
Pitch : This is the final residue remaining in the 
still after one complete cycle of operations. At the 
last stage of distillation superheated steam is driven 
into the still. This serves to sweep out any vapours 
still remaining, and hcl]>s to break up the hard crust 
on the bottom of the still, tlms preventing “coking” 
of the pitch. The pitch is then run off from the exit 
pipe whilst still hot and liquid into the “pitch 
cooler." It remains in this closed chamber for an 
interval of six to twelve hours, until it ceases to give 
off vapours. When in no danger of taking fire in 
the open' air, it is allowed to flow off from the 
cooler into the pitch bed, where it is allowed to 
solidify into a hard, brittle, black mass, not unlike 
cannel coal in appearance. From here it is hacked 
and hewed out as required for despatch by barge, 
truck, or ship. It commands an enormous sadc on 
the Continent, as a “binder” in the manufacture 
of the “patent fuel” so largely used for locomotive 
and railway purposes (briquettes). It is also made 
into “asphalt ” by mixing with creosote oil and sand, 
gravel, or stone chips. It may be added here that 
the distillation of one ton of gas coal will yield on 
an average from ten to eleven gallons of tar, from 
which about eighty pounds coai tar pitch can be 
prodneed. 

C. Bt-Pboi)ucts pbom Ammoniacal ok (JAJ! 
'' LlQtTOB,—In addition to the large number of useful 
commercial substances which arc olrtained by the dis¬ 
tillation of coal tar derived from the manufacture 
of coal gas {»ee Coal Tab Distillation), there is 
another large and im{)oriant body of compounds of 
which Ammoniacal J.iquoe is the chief source. 
Ammoniacal liquor (known also a.s Gas J.iquob or 
Mothbk Liqhob) is formed in the condensers and the 
scrubbers (see ahwe). Ammoniacal liquor is a highly 
complex aggregate of compounds, in each of which 
the ammonia plays the part, of base. It contains 
Cabbosaths, Sulphides, Cvanidrs, Thiocab- 
BONATES, Tiiiosuuhates, .Sulphocvanides, and 
Febbocyanides oe Ammonia, along with some free 
ammonia. The first three com^iounds enumerated 
along with the free ammonia are removable by 1 wiling, 
being volatile at ordimiry temperatures. The others or 
Fixed ammonia compounds are removable on boiling 
with milk of lime. The most valuable commercial 
products obtained from gas liquor are: (1) Sul- 
ptute of Ammonia; (2) Ferroeyauides. Owing to 
the valuable properties that sulpliate of ammonia 
possesses as an artificial manure, its manufacture is 
a source of profit to gas companies and corporations. 
It is by no means unusual to erect a sulphate plant 
as one of the adjuncts of a gasworks. Sulphate of 
ammonia contains of nitrogen a.bout 20 per cent, of 
its weight, and is therefore richer in that element 
than its chief rival, nitrate of soda, which contains 
about 16 per cent, of its weight of nitrogen. Sul¬ 
phate OP Ammonia Manupactube : The sulphuric 
acid which is necessary for the manufacture of this 
important “residual" is usually derived from the 
spent oxides of iron from the Pchipibbs of gas- 
wenfles, or it may be produced from iron pyrites, 


which is imported in laig^ quaatitleB from Spain 
and Scandinavia for thm: purpoee. Both these raw 
materials contain the necessary sulphur—as mpeh as 
60 per cent, by weight. See SulphubIO ACID. In 
the manufacture of sulphate of ammonia the am- 
moniacal liquor, after being boiled with limb in “ lime 
boilers," is thus freed from its oombined ammonia gas. 
The sulphuric acid is then saturated with ammonia gas 
in the “ saturators.” The ammonia is thus converted 
into sulphate of ammonia. On crystallising out from 
this concentrated solution, the salt is freed from 
water by dehydration in CENTBiPiiaAL DbyinQ- 
Machines. It is sold as yellow or grey salt, and 
contains about 25 per cent, of ammonia. Febbo- 
CYAKIDKS AND CYANIDES PBOM GAB LIQIIOE: Thesfe 
may, along with sulphate of ammonia, be regarded as 
the two most valuable products recoverable by gas¬ 
works from their crude gas liquor. The existence of 
the cyanogen (CN) radicle in gas liquor has long been 
known, but it has only been during the laAt ten years 
that gasworks have been considered an important 
source of these compouuds. The enormous success 
which has attended the McArthur FoiTest process (in 
South Africa and el.sewherc),iDr the recovery of gold 
from “slimes” or “ mill tailings” by treatment with 
a solution of cyanide of i>ota.ssium has consequent ly 
directed much attention to these products tluring 
j recent years. Tlie principle of tlie process carried 
on by several of tlie large.st gasworks in the United 
Kingdom aud on the Coutlnent is the elimination 
of the cyanogen contained in the gas by forcing the 
latter to pass through a special mechanical “ washer ” 
before entering the purifier. This washer is an 
apparatus divided into four or live compartments, 
the last compartment containing a concentrated 
solution of an iron salt (preferably copiieras = sul¬ 
phate of iron). After forcing tlio gas through tid.s 
.apparatus for some hours, the Sulphate of iron is 
reduced to Sulphide of iron, and the ammonia of 
the gas ooml)incs with the acid to form sulpliate of 
animimia. The sulphide of iron is then attacked 
by the ammonia and cyanogen of the gas, and is 
comerted into an insoluble double salt, ammonium 
forrocyanide. Tlic gas is thus freed from its cyano¬ 
gen, which remains beliind in the liquor. This 
liquor is of a colour ranging from black to yellowish 
green, and of a muddy consistency (“cyanogen 
liquor”). This slu<lge, or muddy liquor, is boiled 
until its ammonia is dri'en off. The insoluble 
residue, consisting of the double salt of iron and 
AmCN, is then compressed in filter presses to a 
Cake, which contains about 30 per cent, of Prussian 
blue. Yellow prussiate of potash is prepared from 
tills by fusing with carbonate of potash. Cyanide 
of potassium (for gold extraction) is prepared by 
heating prussiate of potash, carbonate of potash, 
and metallic sodium together in iron crucibles. It 
should be added that the enormous demand for 
cyanide of pota-ssium has, during the last few years, 
led to the perfecting and patenting of many in¬ 
genious processes for its manufacture by other means 
than from the ferrocyanide of gas liquor. These 
“synthetical" processes aim at the produefioH of 
alkaline cyanides (chiefly sodium cyanide) by the 
direct combination of ammonia (giving nascent 
nitrogen) with carbon in the presence of an alkali 
metal. Another ingenious method is based upon the 
reipoval of snlphur from sulphocyanides by oxida* 
tion of the sulphur to SO, with nitric acid. The 
gasworks, however, possess a very valuable source 
of cyanogen in tbeir liquors, ,which is readily and 
cheaply converted into pmssiate of potash, to such 
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an extent that, at the present moment, the oyaidde 
market is snflerii^ from over production. 

Qmi, Satural iGml.) A native hydrocarbon in a 
gaseohe state which is liberated, usually by artifid^ 
means, such as bmreholes, etc., from subterranean 
reservoim, which occur in various parts of the world. 
These are commonly associated with deposits of 
gy|»am, anhydrite, rock salt, or some of the minerals 
which accompany these. 

Oaioline idiem.) A low boiling fraction (70® to 
90® C.) of American jjetroleum; used as a solvent 
and for increasing the illuminating power of coal gaa. 

Oasoline Enjinei. Pbtrol Engihbs (^.r.) 

Oas Pliers. Strong pliers with curved and toothed 
jaws in which gaspipe can be held. 

Oas Ports (JEng^ Apertures in a gas engine 
cylinder for the admission of the charge of gas. 

Gas Producer {Eiig., etc.) A foim of fomanc, 
charged with coke and inferior rarbonaceous fuel, 
through which is blown air and steam. A mixture 
of hydrogen, oxygen, ygrbon monoxide, and certain 
non-combustible gases is forraeil, known as rBODOCBB 
G.AS (y.r.) This gas can b(! burnt, giving a very 
economical fuel for furnaces and boilers, or it can bo 
used to drive gas engines after it has been purified 
by simple processes resembling those employed in 
gas manufacture (</.f.) 

Gas Pump iEmj.) A small pump used in some 
forms of gas engine for (;ompressing the charge and 
forcing it into tlie cylinder. 

Gas Regulator {iMntrm Work). An automatic 
valve governed by a spring which controls the supply 
of giiH from a gas eylimlcr; this valve permits a 
steady flow of gas at a very constant pres.surc, and 
the main valve of the gas cylinder need not be 
touched after it 1ms onc(^ been opened, until the 
supply is no longer required; any necessary regula¬ 
tion of the amount of gas may be done by means of 
the small taps attaelied to the oxylij klrogen jet. 

— (Plumli.) Rjmoiul forms of float vahe are 
used as regulators or governors on the, service pipes 
of large institutions to regulate the pressure. They 
ensure a steady light at the burners, and save waste 
by flaring. 

Gassing (^Chem. Eng.) A term applied to the 
poisoning of workmen by sewer and other gases 
escaping from chemical plant, notably PLS, is^O,, 
CO, AsH„ etc. Hpeeial rules arc now approved by 
the Homo Office for the prevention and treatment of 
such cases. The remedies are much the same as for 
cases of drowning, e.g. artificial respiration, the use 
of compressed oxygen, etc. 

- {Textile Manufac,) A process for clearing 

the spun thread of loose fibi'e.s or fluff by passing 
quickly through a gas flame and singeing; this 
imparts a smooth surface to lace, yarns, etc. See also 
SlNGBlNQ. 

Gm StookB and Dies {Enff.) Appliances for 
cutting gas-threads, i.e. the fine screw thread used 
in connecting pieces of iron gas barrel. 

Gas Stoves. See Stovbs. 

Gas Tar. See under Gas Manufagtitbe. ’ 

Gas Thennometen. See THBUHOMUTims and 

IfjBASTJBBMBNT OF ,TBMPUBATtrB£. 

Cku Threads. See Sobbw Thbeada 


Gaetrle Juice. The stomach secretion of a mim id s t 
iu man it may be s^d to consist of the fermont 
peprin (an enzyme), hydrochlorio acid, and the 
chlorides and phosphates of sodium, po t i s e itmt , 
ammonium, calcium, magnerium,andiro&--^3)Mllelit 
in very small quantity ; water forms flO-B per oikit. 
of the gastric juice. It converts proteids into-. 
peptones which are diffusible; it also acts as MX . 
antiseptic. ArtifieUH gastric juice is the glycerine 
extract of the calf’s stomach, containing hy^ooblorio 
acid. 

Gate (Met.) .Sometimes spelled Geat or Giv.- 
Also called a Sfbue. (a) TIjo channel or ingate 
by which metal is poured into a mould when casting. 
(b) The metal left in such a channel attached to the 
casting. I’here are five kinds of gate, viz, (!)• 
J’ODKXNG Gate ; (2) Skimming Gath— a rece.«is below 
the pouring gate for skimming the metal; (3) SPBtra 
Gates —smaller passages, often two or three in 
number, leading from the skimming gate to the 
mould; (4) Feeding Gates, through wliich the flow ' 
of metal is assisted by agitating with an iron rod t 
(5) Flow Gates, up which the metal rises when the 
mould is full. Nos. 2 to 5 are generally used oidy in 
the case of larger castings. 

Gatherer (Glass Mauufae.) The workman who 
takes the jnolten glass from the furnace and prepares 
it for the making of articles. 

Gathering (Binding). Collecting into volume- 
from printed sheets as they come from the printer. 
This work is generally done by girls, and may be 
performed either with the unfold^ sheets or with 
folded slicets which English bookbinders call 
Sections. 

- (Build.) Drawing over the inside of a flue by 

corbelling. 

Gauge ( Build.) The distance between the battens 
for slating and tiling. 

- ( Carjf. and .Joinery). A tool used for 

measuring and marking material. See MARKING 
Gauge, Mortice Gauge, etc. 

- (Eng., etc.) (1) An object used as a standard 

of measurement. (2) A tool used for making 
measurements of lengtli (or, less frequently, of area 
or volume). See Wire Gauge, etc. (3) An instru¬ 
ment for measuring the volume of a fluid (e.g. a 
Water Gauge, q.v.) or the pressure of a gas'(<j.y. 
a Tbessuke Gauge or Vacuum Gauge, q.v.) (4> 

The distance apart of the rails in a railway or tram¬ 
way. See Gauge of Railways, Bboad Gauge, 
Narrow ISauge, ete. 

Gauge Cocks (Eng.) Hmall taps or cocks in a 
boiler, one below arid one above the proper water 
level. 

Ganged Arch (Build.) S(‘e Arch. 

Ganged Stuff (Build.) Lime putty with a small 
quantity of plaster of Paris. 

Ganged Work (Build.) The best kind of brick¬ 
work, the bricks being rubbed to shape, set iu 
cement, and jointed wit h putty (q.v.) 

Gauge Glass ( E?^.) A glass tube connected at Its 
ends to the inside of a boiler, so that the upper end 
is in communication with the steam space, the lower 
with the water; the level of the water iu the tube is 
the same as the level in the boiler, thus showing at 
once if the boiler contains the ooneot amount of 
water. 
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Oanje of HaUvayi (Civil JSng.) The distance 
between the inside edges of the ndls; this is 
4 ft 8 J in. in England. For light or for temporary 
railways a narrower gange is need; thns the 
Festiniog railway has a gange of 2 ft. only. The old 
Broad G&nge, only recently abolished on the Great 
Western Eailway, was 7 ft., and a gauge of 6 ft or 
more is used on many lines abroad ; in Ireland the 
standard gauge is 6 ft. S in. 

Gauge of Tramvaya {(Xvil Eng.) The standard 
gange of 4 ft 8 -^- in. is used on most English 
tramways. 

Gault (6eol.) A bed of clay of marine origin 
which, in the south-east of England, lies beneath 
the Chalk, and forms the lowest member of the 
Upper Cretaceous Series. The Upper (greensand, or 
ite equivalent, usually comes next above the tianlt. 
It is richly fossiliferous in most localities where it 
occurs. 

Gaolfheria (Batatiy). A genus of evergreen 
aromatic plants (Eriraci-iv) •, yiehls an essential or 
volatile oil used in pharmacy. Known in the United 
States as WlNTBRttKKBN. 

Gaults. Srr Bmexs. 

Gauntlet. A phne, genci-ally made of leather 
covered with steel I'llatcs, worn .as a jmrt of inedisevul 
armour. ISfe AltMOUB. More recently, a stout glove 
used in various games and sports. The term is also 
applied to the part of a glove which widens out and 
covers the wrist. 

Gauss’ Theorem (Elrct.) The Total, Nobmai. 
Electkic iNnoCTlON over a closed surface is It 
times the charge enclosed by the surface. 

Gauxe {Textile Manvfae.) A system ot weaving 
in which one set of threads are twisted round the 
•other .set, thus producing an open texture fabric. 
Used for light cloths only. Also styled ‘‘cross 
weaving.” 

Gay Lussae Degrees. See Descboizilles Db- 

•CtBBBt*. 

Gay Lussac’s Law {Chem.) May be stated thus; 
when gase-' combine together they do so in volumes 
which bear a simple ratio to each other and to that 
of the gaseous product (all measurements being made 
at the same temperature and pressure). 

Gay LuBsae’e Heasurement of Vapour Prewure 

<i'Ay«., CJiem.) See VArouB J’kbsbubb. 

Gay Lussae Tower {(.hem. Eng.) A tower suit¬ 
ably packed and attached to the exit of a ViTUlol, 
Chambek (g.v.) to catch the nitroiis gastis which 
escape. Hulphuric acid ol 150° Tw. {nee IIydbo- 
WETEB) flows down the tower, and dissolves the 
nitrons compounds as they pass up. Cf. Glovbe 
Towbb. 

Ge. Chemical symbol for Gebmakiuh. 

Gear (Cyeles). The mechanism by which power is 
transmitted from the crank axle to the axle of the 
back wheel. In place of the ordinary chain gear 
(»ee CSCLBS) a bevel gear is sometime.s used. Two 
pairs of bevel wLecds are required, connected by a 
horizontal shaft parallel to or inside one of the 
horizontal tubes of the back fork. The device is 
neater than a chain and more easily protected from 
dust, but more difficult to repair. 

Gear {Eng., etc,) A term applied in a very wide 
sense to various arrangements of mechanism, sets 


of tools, or appUanoes, etc. In particular, a set of 
toothed wheels working together. 

Gear Cases {Cgelet). Light cases of leather or 
celluloid suffice to keep much dust from the chain: 
these are properly termed Gbab Cotbbs. A true 
Oeab Case is a metal case which not only excludes 
dust, hut is capable of containing a bath of oil at 
its lowest point; tins oil efficiently lubricates the 
chain and chaiu wheels. 

Gear Gutters {Em.) Milling wheels or oircnlar 
toothed cutters, used for forming or finishing off the 
teeth of wheels. 

Geared Fljrwheel (Eng.) A flywheel with teeth 
on its outer edge, for driving some mechanism direct 
from the engine. 

Geared Lathe {Eng.) S-e Back Gbab. 

Gear, Height of {Ogrlee). Multiply the diameter 
of the hack wheel by the number of teeth on the large 
chain wheel, and divide; by the number of teeth on 
the .small wheel. The result is the size of the back 
wheel which would have to be used t(' carry the 
rider the same distance in^vne revolution ot the 
pedals, if tlie latter were directly fix<- I to the axie, r s 
in the old high bicycle. 

Gearing ( Eng.) Sets of gear wheels, i.c. toothe> 
w'iieels working togetht'r. 

Gearing Down {J'Jng.) Reduction of the speed oi 
rotation by means of a set of gear wheels, :is in the 
he-ndstoek of aback geared lathe or in the meehanisin 
used to oomraunicale the motion of tlie motor of .. 
car to the axle of it.s driving wheels. 

Gearing Up (Eng.) Tnereasing speed 
rotation of one sh.aft relatively t T by c> 

ncctuig them by a train or set eels or 

some equivalent «levic 3 . 

Geat {Fbvndrg). A Gate {g.r.) 

Oedact Work {Musio). Tliose oqran stoj)* belong¬ 
ing to the flue work, which consist ot closed ]'ires. 

Gedge’s Metal. See Aich Metal. 

Gegenshein {Astren.) A hwghi patch, in'" i r £0° 
in diameter, .seen in the sk^' on the opposite siue of 
the horizon to the rising or setting .sim. 

Gelatine. A hrittU:, amorphous, tran.sparent solid; 
insoluble in cold water, hut ii absorbs from 5 to 10 
per cent, of it, and swxflls during the process. It is 
also insoluble in salt seflutions, acids, and alkalis. 
It readily di.ssolves in hot water, and the solution on 
cooling forms a jelly. I'he gelatinising temperature 
is30°tj. Its chemical constitution is entirely un¬ 
known. It contaims about .50 per cent, caihon, 6-5 to 
7 per cent, nitrogen, 17 to 18 iK;r cent of hy<irogen, 
•3 to ‘7 per cent, of suli>iiur, and about 25 per cent, of 
oxygen. Its decomposition products (by putrefaction, 
treatment with alkalis or acids) resemble those of 
albumins in many respects, but differ in the large 
amount of glycocoll {g.v.) which is alw’ays obtained 
from gelatine, and in the absence of tyrosine {g.r.) 
Gelatine is obtained from connective tissue, from 
skins, from the swimming bladder of fishes, and from 
bones by the prolonged action of boiling water or 
superheated steam. The gelatine from the swimming 
bladders is known as Isinglass; that from bones, 
which is not so pure, is called Glue. Its prepara¬ 
tion from bones is as follows ; The bones are soaked 
in weak acid till soft, then washed ; digested with 
superheated steam; the product is run into vessels 
and allowed to settle; the fat skimmed from the top, 
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and the gelatine bleached, if required, by sulpharous 
acid« and filtered; then conobntrated by steam pipes. 
Gelatine is used m preparing jellies, sereets, photo¬ 
graphic plates, in numerous copying processes, in 
clearing soups, etc. Gelatine belongs to the class of 
substances known as albuminoids; though richer in 
nitrogen, it cannot replace proteicb in a diet. 

Oema. See Pbecioits Btones. 

Genera (Biol.) See Qekus. 

General Fog (Photo.^ A partial redaction of the 
silver salt alT over the film during development. 
There nre a number of causes which tend to bring 
about this, such as exposing the plate to an unsafe 
darkroom lamp, keeping plates in an unsuitable 
manner, etc. 

General Joiner (^Carjt., etc.) A machine used for 
a variety of wot)d working operations—sawing, 
planing, drilling, etc. 

Generating Circle {Prvg.) liie small drolo vrluoh 
traces out the cycloidal curve required in .setting out 
the teeth ot wheels. A point in the. generating circle 
wl'ich rolls oil the Piacii CiRCliE (j.r.), traces out 
the curve mquirod. 

Generating; Surface The heating surface 

o*' a boiler. 

Ucnouillhre (.Irwowr). A jointed and flexible 
piece of ijrrnoiir forming the covering for the knee. 

AttMOtTK. 

Cenre Painting (Pai,if.') Applied to a style of 
Ti.iiiiting (or t<> a iiiotnro) which depicts scenes of 
c.'U'yda. li'’c. The finest examples of genre painting 
arc the, pic. urcs tiy the ra~ly I'utch artist s. Amongst 
15ri'i-i\ arfisls ilog aud Wilkie have left nota* le 
»*x.'>mjjlcs. 

Gcrtian (JMan;/). The bitter tonic medicine i- 
prepii-'il from the dried root of Oentniiiahiiea (order, 
Gt •(itJ7i,uro’‘), imported from Southern rraiice. 

Qdiitianaceae {JMainj). A natural order of Piroty- 
letio'i*, < ompri.sing plants f)f varied habitat. Some 
of the plants arc medicinal. 

GeiiUB {Jliol.') A genus i.s a group of Specit;s 
•.vliich i) 0 .ssess' certain structural c.haracteristics in 
eonimon. A plant or animal is usually denoted by two 
names: the first or Gkneuic Name being the name 
of it.s genus; the second or iSt’EClFio Name being 
added tti denote the species, and thereby to distin¬ 
guish it from (he other speoie.s whiclt arc ineluiJed 
in the same genus., Tims f.lio zoological genus Felh 
includes the l.ion (7'lb« Aea), Tiger (^Fclis Tit/ri/i'), 
Wild Cat QFclis Gafux), ete.. The botanical genus 
Haiiviieifhe includes the Butt croup, ReMunevlve 
Jer-is; the Groat Spearwort. Jianunculus lAngua, etc. 
See aho Species, Obueh, ete. 

Geocentpic {Astrim.) A term used when referring 
measurements to the centre of the earth. 

Geodesy. The branch of Applied Mathematics 
dealing with t hemea-surement of the form and dimen¬ 
sions of large jxutions of the Earth’s surface, or of 
the Earth as a whole. 

Geognosy* A term which was in general use up 
to the middle of the ninetconth century for the 
department of Geology which is concerned with 
rocks Qier «r), and without reference to either their 
age or their origin. It included two important 
subdivisions, which were : PHTBOLOCtY (properly so 
termed), or the study of rock masses as they occur in 
the field; and Lithology, or the department of 


science which is concerned with the miiMial con¬ 
stitution of rocks, or the study of specimens by 
means of the microscope. 

Geological Time. A chronological measure (of a 
somewhat indefinite character) which bears the 
same kind of relation to the measures of time used 
in history that the distances of the stellar bodies do 
to the onlinary standard of terrestrial measurement. 
Wide differences of opinion exist in regard to the 
Age of the Earth, as expressed, for example, in 
centuries. Those who base their conclusions mainly 
upon certain physical considerations usually set the 
figure at a much lower estimate than geolc^ists as 
a whole find themselves able to accept. 

Geology. The science dealing with the events' 
that have occurred upon or within the Earth 
prior to Ibc Dawn of Civilisation. It deals with 
everything relating to the Succession of Life upon 
the Earth, to the changes in its physical geography, 
to the structure and history of its rook masses, to 
the antecedents of its present surfact*. relief, and to 
the origin and mode of octoirrence of the Earth’s 
economic pro<iiicts. In more general terms it may 
bo .saifl tliat Geology deals with the History of 
Former (Changes of Life and Land. 

Geometrical {AreMiccI On<i of the periods into 
which ShiSrpe divided Gothic architecture. The name 
given to the typo of traceiy used in tlie geometrical 
period—^ihe earliest form of bar tracery. This kind 
of tracery is principally formed of regular figures, 
such as circles, trefoils, etc., and is much more formal 
than the l.aier tracery of the Decorated period. 

Geometrical Slide. A device which causes a 
moving part of some a^jparatus trt have certain 
Deguees i)E Fkekdom (y.r.) and no others, so that 
it .shall always move in tlic same path. 

Geometrical Stairs ( Garp., ete.') Stairs that have 
a continuous handrail and outside string. 

Geometric Clamp (.Pfiye., ete.) A device for 
fixing some part of a piece of apparatus so that it 
hfis no Degiiee oe Fkeeuom (y.r .); that is, its 
retention in iio.silion depends upon the fulfilment of 
certain kincmatical conditions, and not ni/on any 
mere application of force. ; it can be removed and 
replaced in the identical position it originally 
occupied. 

Geometry. (1) The branch of mathematics which 
dwds with lines, areas, and solids, as ilistinguished 
from algebra, which deal.s with abstract quantities. 
(2) The branch of the art of drawing which deals 
with the- construction of mathematical figures. 

Gerauiacess (Botany). A natural order of JHeo- 
tyledom, of World-Wide distribution. Many of the 
plants have aromatic and astringent properties. 

German Degrees (Chem.) See Descuotzilles 
Deque Es. 

Germanium CChem.) Ge. Atomic weight, 71‘8. 
A very rare metal belonging to the carbon group in 
the periodic system (y.v .); its existence was pre¬ 
dicted by Mond61e jelf. It was discovered in a very rara 
silver mineral, Abgybouite ; also occurs in the rare 
mineral KxrxBNiTB. It is a lustrous, greyish w'hite, 
brittle metal obtained by heating the oxide GeOj. 
with carbon. Heated in chlorine it forms the tetra¬ 
chloride GeCl^, a colourless fuming liquid, 

German School of Palntiiig. See PaintxkOv 

Schools of. 
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Oreeman Silver (JK>&) An alloy of oopper <50 to 
W per cent.), nickel (15 to 26 per cent.), and zinc 
(15 to SO por cent.) A German silver containing 
1 to 2 per cent, of tim^en is called Platinoid. 
These allo^ have a high electrical resistance— 
platinoid higher than German silver—which increases 
uniformly between 0® and 100° C. 

fiendorfflte (JIfia.) Nickel solpharsenide, 
NiS.^.NiA&^; 

enbic, in bright tin white crystals, often with 
a greyish black tarnish. From Sweden, Styria, the 
Harz, Thuringia, and in good crystals from near £ms. 

Ckyter (^Oeol.") An intermittent thermal foun* 
tain occurring in coimection with the quiescent 
stages of volcanic action. It consists essentially of 
a tube extending downwards to a zone of high 
temperatoie, and connected with some source of 
water supply. The water in the lower jjart of the 
tube becomes gradually heated above tlto boiling 
point, until sufficient force accumulates to expel the 
whole column, which is usually done with explosive 
violence. The thermal waters commonly leave a 
■deposit of Geyserite around tho orifice. 

Oeyserite See Sinter. 

GlalloUno (^1‘aint.) See Naples Yellow. 

Gib {Eng.) A bar of metal with its ends bent at 
right angles to its length; used with a cottar or 
wedge for holding in place the loose strap on the 
■end of certain forms of connecting rod. 

Gibbous (Asfron.) 'J'lie apparent form of the 
visible portion of a phinet or satellite when more 
than half but less than the whole illuminated 
hemisphere is seen. 

Gib Headed Key {Enri.) A key with one end bent 
si-right angles to it.s length (similar to a gib), 

Glffai^’s Injector (.Eng.) A device for forcing a 
small stream of water into a boiler against the 
pressure of tho water and steam. The necessary 
energy is supplied by a small jet of steam at a high 
velocity. 'J’he apparatus can be made continuous in 
action, and has the advantage of posses.sing no 
moving parts. 

Gingering (Binding.) Sliding a line finishing tool 
(fillet or pallet), in ])lace of working it over the 
Jeatlier. It adds biightuess to ttie gilding. 

Gl^g^ing (Wonllen Mfinvfac.) pioocs.s of raising 
on ttie ltAl.siND Gift (q.a.) Applied to certain types 
of woollen fabrics, rugs, and blankets. 

Gilding. See Electroplating, Gold Lean, 
Gold 1*aints, Glass Manveacturb. 

Gimlet (Carp., etc.) The ordinary boring tool 
used for making small holes in wood. The best 
forms have a helical (or so-called “spiral”) fluting 
mnniug round the shank or stem. 

Glmm A kind of openwork trimming formed of 
worsted, cotton, or silk twist, with gencrtdJy a thin 
wire or cord running through. It is used on dress, 
furniture, etc.; that used on dress is sometimes 
covered with beads. 

Gin. A form of trap actuated by a spring; used 
for catching game or vermin. 

—— Prepared from the distillation of fermented 
ggain, flavoured with juniper berries and other 
aromatic substances. The amount of alcohol present 
iis about 45 per cent. The limit to which the spirit 


can be reduced by the admixture of •water under tite 
Food and Drugs Act is 35° under proof. 

Gin (Eng., etc.) A simple form of hoisting 
machine; the hoisting rope or chain is wound cm 
a barrel driven by a handle, without any gearing, 

- f (^ttoTL (Cotton Manvfac.) iSbe Cotton GlN. 

Ginger (Btrtany). The dried rootstocks of the 
plant Zingiber offieinale (order, ^ngiberaoete) are 
known to commerce in two forms, the “ coated ” and 
the “ scraped.” according to whether the rind is 
retained or not. 

Gingham (Cotton Manu/ao.) A plain weave of 
cloth, medium to heavy make, u.sually of fine warp 
threads and coarser weft. Generally made in check 
patterns. 

Ginseng (Botany). Tlie root of Aralia Ginteng 
(onler, Araliacea:) has been long esteemed as a 
med icinc in China. It is also used as an adulterant 
of senega root. 

Gipandole (Eiimitwe, etc.) (1) Candelabra, (2) 
Eevolving jets of water, as on an ornamental fountain. 
(.)) A pendant or eai ring. ^ 

Girder (AVti 7 .,(f^'.) A beam of iron or steel. It may 
l)e in one piece, prijdnced by casting or by rolling, 
or may be built up of a numbed of plates or bars qf 
wrought iron or mild si eel, riveted or bolted together. 
I'he Latter form is the one now most commonly 
adopted. The name is also aftplied to a built up 
beam of wood and iron, c.g, a Flitch llEAfti (q.v.) 

Girder Bridges {Eng.) Bridges carried by girders 
alone; used wtici-c the span i.s not too great, or 
whcic iutennedhite pirsrs i-an be erected. 

Girth. The circumf<!rence of an object. 

Girth Measurement (Bee.) In estimating the 
area of paintod work or plastering, mouldings are 
measured round each member by a flexible tape. 

Git (Foundry). A Gate (q.v.) 

Give (Etiy., etc.) A joint or a structure is said to 
“ give ” wlieu it yields or breaks under a load. 

Gjer's Kiln (J/et.) A circe.iar kiln of iron plates 
line<l with firebricks anti htiving an inverted cone at 
the bottom. Xlseil for c.ilciniug iron ores for the 
blast surface; chiefly in the ('level.arid district. The 
same patentee is associated with a pneumatic lift for 
blast furnaces, and “soaking” pits (q.v.) for steel 
blooms. 

Glace (Silb Manvfac.) A very closely woven 
plain silk, thin and bright; tie as tabby. 

Glace Kid (Leather Manufac.) Goat skins pre- ' 
pared with higli glaze. Originally alum tannage was 
employed ; now chiefly chrome tanned. Properties: 
very strong, pliabh-, and light; ii.sed for uppers of 
light bools and shoes. See GLAZING. 

Glacial Acetic Acid ( Chem.) A name given to the 
purest commercially prepared acetic acid; so qallod 
because it solidifies to an icc-like mass, which melts 
at about 16° C. See Acetic Acid. 

Glacial Action ( Geol.) In general terms this may 
he said to give rise to three sets of results: (1) The 
transportal of rock debris downhill and seaward 
from the heart of a mountain area; (2) the mechani¬ 
cal erosion of the sidus and the floor of the toeky 
surface over which the ice is moving; (8) the »• 
deposition of the transported d4bris ip the form of 
morainic matter, or, in the case of the latger masses 
of ice, in the form of boulder clay, or more or less 
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'watemorn xoateriolB which form Bbksbs and oth« 
deposits of sand and gxaveL Sae alto MoBAiHaa 

OlaoU DenndU^on SI90 BstfiruDATioir. 

OlAoiAtiim Gi^aqal Action. 

QlaeioP Elongated and tiver>like masses 

of ice, doe to the regelation of half-melted snow and 
the gradual flow of the resulting semi-solid downhill 
and seawards along some pro-existent valley shaped 
by rain and rivers. Glaciers grow only under those 
geographical conditions in which more snow falls 
than the summer’s heat suffices to melt. Glaciers 
are important agents in modifying the form of the 
surface over which they move. Most of the British 
lakes, for example, are old river willeys which have 
been locally deepened and widened by the erosive 
action of glacier ice in former times. 

Glaire (JSindinff). White of egg well frothed up, 
with the addition of a drop or two of vinegar. It is 
applied to tlie places which arc to be gilded to ensure 
the adherence of the leaf gold. 

Olaiye (Atwm), The name glaive has been applied 
at different times to dijfcrent weapons—c.y. to the 
bill, the spear, and the Kwt)rd. More commonly it 
refers to the bill (<?.■».) 

Giand Certain organs in iin iinimal or plant 

which secrete linhls having special functions; c.y. 
salivary gland, lachrymal gland, mammary gland, etc, 

- (AVy.) The tubular casting which fits into 

the stalling Ijox (tj.v.) of a cylinder, etc., and through 
which the piston lod slides. 

Gland Bolta The bolts which bold a gland 

in phu;e. 

Glass Embossing (iiee.) Although this worx 
constitutes a tnide in itself, it is often carried on in 
conjunction with .sign writing. The proce.ss consists 
of etching a design on the surface of glass by moans 
of hydrofluoric or white (sometimes called French) 
acid, or a combination of boi. 11 . The design is 
usually drawn upon cartridge or nuuiilla paiHir, and 
is pounood on the face of the gla.ss. A coat of 
Brunswick black, souiciioics niLvcd with a little 
bce.swax, is tlicn painted over those port ions of tho 
surface that arc not to be etched. Wlieu the black 
is quite dry, a little wall or embankment made from 
a mixture of tallow and Burgundy pitch is placed 
around the edge of the glas.s to confine the acid. 
Care being taken that the surface is quite level, the 
acid is gently poured on, and immediately begins to 
eat into the ghtss, the black protecting those parts 
which it coters. When the etching is sufticiently 
tldeep, the acid is poured back into the giittapercba 
bottle in which it is kept for further use, and the 
black is removed by softening with turpentine and 
scraping off. Hydrofluoric acid gives a different 
surface from Fioncb acid, and the two are therefore 
fre<meTitly used one after the other to produce 
shaded effects. The process is often used on flashed 
glass such as ruby, the acid removing the coloured 
surface, and leaving the design or lettering in white 
upon the ruby ground. 

Glassmakera’ Soap ( fflaeg Jfamifao.) Manganese 
dioxide, which, when added to the “ metal,” removes 
the green colour due to ferrous silicate. 

Glau Manufactore. The discovery of the art of 
making glass is lost in antiquity. I’robably the 
ancient priests of Egypt were the first to practise its 
manufacture, At Memphis and Beni-Hassan are to 
be found, scnlptuied on rite walls of the tombs, un* 


mistiritable represmttstioas of glass Idowe^s ^ work. 
These date from 3900 and 2861 B.O; irospedriye^,. 
The oldest piece of glass known was fpand at 
by Bignor Brovetti. It dotes from 8064 8.0,, is 
opaque blue in colour, and is now in the BiiiMbl 
Museum. The early Egyptians used glass to form 
hieroglyphics for inlaying in stone, wood, or mdikl, 
and for personal ornamentation; many examples of 
these may also be seen in the British Museum- 
I’erbaps the earliest proof of the Bom£ 8 tic USB 07, 
Glass is found in the frescoes of Thebes, where glass 
bottles holding wine are represented (1500 B.O,) 
That the practice of moulding glass was known 
at tliat date is apparent by their figures and 
ornaments, which have every indication of being 
cast. The colours chiefly employed were opaque 
dark blue, turquoise, yellow, and while. Both in the 
British Museum and in the Victoria and Albert 
Museum can be seen many Iteautifal specimens of 
glassware, upon which all these colours are to be 
found. They consist of small vase-like forms with 
and without bases and handles; canes or threads of 
the various colours appear to have been placed around 
the bi idy in alternate horizontal bands while in the 
molten state, and at equal distances round the article 
t!ie.se circular threads Imve been pulled together in an 
upward direction, probably by means of a hook (a 
method styi in uso at the present day), producing 
catenary-like curves, while in others the partim 
displacement of these iindnlating bands of different 
colours is so regular as to suggest the use of a 
n)achinc. The Phoenicians, Greeks, and early 
llomiins manufactured glass clo.sely rc-sembling that 
of Kgyj>t, indicating that they obtained their know¬ 
ledge of glassniaking from the Egyptians, or perhaps 
employed Egyptian glaas workers. The Bomans of 
tho later period made glass in great variety of colours 
and designs, imitating all kinds of gems and stones, 
and using various opaque colours for decorative 
puiqjoses. They also practised many methods of 
casing, or flashing various colours one on another, 
thus producing what is known as ScuLPTtTBBD or 
(’AMuo Glass. This is made by coating a dark blue 
opaque gla.ss with a white ojiaque gla.'-s whilst in the 
molten state, and so uniting them together. It la 
then blown out into the roquireil shiipe, and, after 
being annealed, the portions of the white coatings 
which form the design are carved, while those not 
required are removed, thus exymsing the dark blue 
ground. Tho Pobtland Vase (British Museum) is 
a notable example of this style. 60 remarkable is 
the knowledge displayed in its manufaotnre, the 
elegance of its form, and the expressive modelling of 
the figures which form the design, that it is regarded 
as the moat mJigniticent gem of the glassmakers’ art 
extant. The Venetian glass blowers were artiste of 
con.siderable skill, and introduced many varieties of 
glassware, elegant in shape and of extraordinary light¬ 
ness. For a loi^: period Venice excelled all Europe 
for the beauty of ite gla.s 8 . Venetians revived the 
art of glass mosaic and window glass painting. They 
also produced many ingenious designs in omamenUri 
and domestic articles by the use of canes or threads, 
in white opaque glass, arranged in various patterns, 
thus producing their LaticinIO, Vitbo-W-TRIHA, 
and Pbetioelli Wabb in great variety, examples of 
which can be seen in the British Museum. AvAS- 
TUBiKE was also invented by the Venetums. This is 
a soda-lime gla 8 .s containing copper in a state of 
reduction, which forms spangles of metallic copper 
throughout the mass; its manufacture has for a long 
time ^en kept a secret, and it is still made at Venice. 
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tlfte irt-iOf ^lasBHjalrinjf w*s cwribd^to tiie 
ocKlntjiaa <>t JS.iTtope 'flrst, by tbe'tfomans tuid fatet- 
by^the^yencliians. Jn the year 1567 Venetian glasses' 
^re made at Crntched Friars in London, although 
at a much earlier period glass of an inferior quality 
was evidently madqin England. 

Cowftituevts of Silica, commercially 

known *as sujnd, is the essential constituent of all 
glass, and, together with certain metallic oxides, 

. forms by the application of intense heat an amor¬ 
phous transparent body, every true glass containing 
at least two metallic oxides. The oxides chieily 
used are t.ho.se of Lead, Potassium, Sodium, Calcium, 
Barium, Aluminiuui, and Magmjsiura. To pro¬ 
duce effects of colour the oxides of the following 
Ktotels are employed, but if used in excess they pro¬ 
duce opacity:— Jtlach: oxides of manganese ami inm. 
Wj^ite: the oxides of arsenic, tin, and calcium; 
caMum phosphate, fluorspar, and cryolite. Tolloie : 
oxides of cadmium and uranium. JHiir: cobalt. 
Orem: chromium. Different oxides of the same metals 
are in .some casc.s capable of producing different effects 
of colour. Iron in Iho ferrir. state gives a yellow 
' colour, but when piresent as ferrous oxide it gives a 
bottle-green colour. Manganese dioxide gives a violet 
colour, whereas the monoxide does not colour glass. 
Cupric oxide in .small quant,itics gives a Pt uooeh lilw, 
which is converted into Green if tin; quantity of oxide 
is increased ; but from cu])ron.s oxide a rich Ruhy 
coloured glass i.« obtained; this colour is al.'O obtained 
by using gold. Tluby glass prepared from these metals 
is colourless when taken from the crucible or pot in 
which it is made. After being allowed to cool, the 
ruby colour appctirs ujion reheating. If at this stage; 
the glass be exposed to a high temperature for too 
long, the ruby colour obtained from gold disappears, 
and is replaced by a dull brown. By the action of 
silica at a high temperature it is found that the oxides, 
carbonates, .and sulphates of the metals are decom¬ 
posed, evolving carbonic anhydride and sulphurous 
anhydride, and forming silicates of the <iiffcrcnt 
metallic oxide.s, which vary in quality according to 
the different proportions employed. When two or 
more snbstanccs containing different meiallic o-xides 
are fused togetlier with sand, the result will be a 
mixture of the silicates of the oxide.s present. Glass 
istherefore regnrdeA as a mixture and rtot a okemiral 
eimjjound, Flint or Lkau (Jlasss is a mixture of 
the silicates of lead an<l potassium ; Bohb.mian, of 
those of potassium and calcium ; Blatk and Sheet 
Glass, of calcium and sodium; Bottle Glass, of 
silicates of sodium, aluminium, and calcium ; Vene¬ 
tian, of sotlium, potaasium, and calcium. After the 
ingredients for making glass are thoroughly mixed and 
put into the pots within the furmace, deoompo.sition 
of the raw inalorials tako.s placo, with the expulsion 
of tl le gases, and the silica and the metallic oxides 
carabine; the gia.ss passes into the liquid state and 
remains in this condition so long jvs the full heat of 
the furnace is maintained, but if the heat be slightly 
reduced or the glass exposed to the air, it passes into 
a state of ductility or viscosity. In the liquhl state 
it can be ladled or poured direct from the crucible for 
pressed articles and rolled plate. In the viscous con¬ 
dition it can be gathered on the heated end of an 
iron rod, which, if hollow, enables the raa.ss of glass 
so collected to he blown into any required shape. 
By gravitation it can be flattened or elongated, and, 
by using moulds, made to take any required form. 
It is also capable of being drawn out into fine 
threads and tubes. 

llie •marvufaet'wre of glues may be divided into 
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two hea^s: Hollow Ware and Flat Ware. Hollow 
Wabb comprises blown glass, bottle glass, blown 
glass tube, lampwork, and pressed glass. Flat Wabb 
comprises crown andr.>Bheet glasst mosaic glass 
for v^ndowB, plate and optical glass. The BLOWING 
Ibok or hollow iron rod used in the manufacture 
of hollow ware is from 6 to 6 ft. in length and 
from J to 2 in. in diameter. The workman gathers 
upon the heated end of this sufficient glass for 
making the required article, and by rolling it upon 
a polished plate of iron (called a Mabveb) con¬ 
solidates and centres the molten ma.s8 upon it. The 
glsuss is then cxp.aude(l into a bulb by blowing down, 
the tube; the first .stage of manufacture of all 
glass of thi.s description. By swinging, the bulb 
is lengthened; and by the aid of a flat square of 
polished iron with a wooden handle (Battlki>oee) 
the end of the bulb can bo flattened. Should a stem 
and foot be required, as in a wine glass, it is either 
formed out of t.ic end of the bulb which is farthesst 
from the iron, or by the addition of another portion 
of glass dropped ujinn the bulb. If the stem is of a 
fani'v sliaja*, it is made separately and attacdied to 
the imlb. Tin*, fe'd, if blojyn, is then made in the 
form of a circular bulb and attached to the stc'in, 
being afterwards healed and opened out. A foot 
can also be cast on. In this case sufficient glass is 
allowed to adhere to tJie end of the stenj, and by 
using two i)ieces of wood hinged together the \s’Ork- 
tiian compresses the s(>ft glass between the open 
boards and at the same time rapidly rotate.s the 
blowing iron ujxm the arms of his <!liair, thusoaii.sing 
the glass to as.'Urae the proper form. At this stage 
the body of the arlicle (the bulb) can be covered 
with fine threiuis of iflain or coloured glass, or 
decorated with ornamental pinehings. In the primi¬ 
tive; stage gla.ss can be blown into any shape by the 
use of mouils, which are made f)f wood, carbon, or 
iron ; anil i:s surfai-o can also be impressed with smy 
pattern by the use of dip moulds. If tJic arficlC 
requires a handle and foot (e,.g. a claret jug) the 
bull) or boily is blown to dimeii.sions and correct 
form and the foot attaclu'd as prcviou.sly explained. 
The workman then takes the WoiiKlNG lilON (a solid 
rod), on which has boon gathered a small portion of 
molten glass, anfi fixes it to the centre of the foot.; 
1)}' applying a chilled iron at a point close to the 
blowing iron, and by giving it a sharp tap, the article 
is severed from tlie blowing iron and adheres to 
the working I'od. After reheating what is now the 
opening or top of the article, the surplus metal ia 
.sheared or cut off, and the workman proceeds tO' 
form the lip or spout. A portion of molten 
glass is next gathered to form the handle, which 
may be cither solid or hollow. After being mar- 
vered and made to take the form of a circular rod, 
it is reheated and taken to the maker, who, while 
holding it in a vcrtif:al position, presses down the 
end of the molten rod of glass upon the body of the 
jug, so as to form a good connection or sticking j 
ho then pulls away the iron, reduces the thickness of 
the handle, and cuts it off with l^c shears to the 
projicr length. The disconnected end is then turned up 
by means of a small pair of tools, and fastened to the 
top portion of the article, thus fonning the handle. 
After reheating the jug, so that the whole shall be 
of an even temperature, it is severed from the work¬ 
ing rod and carried to the Lear, or annealing oven, 
placed near the source of heat, and gradually re¬ 
moved from it, thus allowing the glass to become 
annealed. The simplest and oldest arrangement for 
annealing is a tunnel 30 ft. in length, either heated 
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at one end by fires on both sides of the losx, or 
by waste heat from the mSlting furnaoe. ^e goods 
are placed in pans attached each other by means 
of hooks, thus forming a continuous train, wUfch^is 
moved by means of a chain and windlass. The claret 
jug now passes to the decorator, and if required can 
be either cut, engraved, etched, enamelled and gilt, 
or carved. Cutting : After the design (which 
usually consists of lines arranged upon a geo¬ 
metrical basis) has been marked or drawn upon the 
article, it is first “roughed out.” This is done by 
pressing the glass against the edge of an iron wheel 
revolving in a vertical plane, upon which is allowed 
to run sand and water from a hopper or container 
suitably adjusted, the sand cutting its way into the 
surface; tiie rough incisions are smoothed by stone 
wheels supplied with a constjuit flow of water. 
Those latter range from .H to 24 in. in diameter, and 
have cutting edges of different forms, so as to pro¬ 
duce a Aarietj' of cuts. The pattern is then polished, 
to regain the transparent brilliancy of the glass, 
either by wooden (willow wood) wheels or by a 
rapidly revolving brush, using as a medium pumice 
powder and rottenstoneTand finally jiutty powder. 
The last named is a substance obtained by fusing 
together lead, tin, and antimony. As the oxide 
fonus upon the lop of the molten mass it is collected, 
pounded, and sievetl; it is tlicn ready for use, and is 
found to Iw tlie best medium for polishing lead gla.ss; 
but for polLshLng lime glass, rouge (oxide of inm) is 
generally nse<l. Enguaving is ilone by wheels of 
copper varying from 2 or 3 in.-to ^ in. in diameter. 
These are fastened to the end of a spindhs attached 
to a small lathe, which is generally driven by a 
foot treadle. The engraving medium used is cmei.; 
powder and oil; for polishing, rouge or pumice and 
oil are u.so<l, with lead, wood, or cork wheels. The 
engraver prorluces a more elaborate design than the 
.Cij.itt('r, as the work is held underneath the wheel, 
while in cutting,the article is u.su.ally held in a direct 
line liotwecn tlte workman and his wheel, he having 
to look tlirougli it in order to folhtw the pattern. 
This gives the advantage to the engraver, whose 
work, although rtot so deeply incised, is capable of 
greater refinement of form and contour than t.lie 
cutter’s, which is generally stiff and formaL An 
engraved design can bo cither left rough from the 
wheel, (wirtly rough and polished, or, (jis in the ca.se of 
designs which imitate rock crystal) after being more 
deeply engraved, the de.sign can be polished all over. 
A stj'le of decoration which has been practised to 
some extent in recent years is produced by cutting 
with small stone wheels. It is somewhat similar 
to the process of engraving, and is very effective. 
Etching consists in the erosion or eating away of 
the surface of glass by hydrofluoric acid. Patterns 
are produced by covering the whole surface of the 
glass with a thin coating of wax, or Ehsi.st, removing 
those parts intended to be etched, and plunging the 
article into a solution of tlic acid. In order to 
produce a geometrical design, the wax can be re¬ 
moved by the u.se bf a lathe (similar in const motion 
to that employed in turning a rose pattern on wood 
or metal). The pattern can also be etched down or 
engraved on copper jdate filled in with resist, and 
transferred to the article; or a lithogntpher’s stone 
can be used as a means of producing a quantity of 
transfers of the same design. Sand Blasting is 
another method of producing an etched effect ui.x>n 
glass, the parts which are to remain smooth being 
protected by a stencil of paper or some other clinging 
material. Painting, Gilding, arid Silvemno are 


y$xefl by beat. ' VSr paint^Dg,', wl^e'-l^d cokiuied 
"enamels are used as rjolours; and jan' a tmtlw^ qf ' 
gold orpla^nm, or the powders of th^ eame%«ttals 
reduced from solutiouB, are used ‘for gilding. an4 " 
Silvering. The enamels ate specially prepared so as 
to fuse at a lower temperature than the &T^le to 
be decorated; they are applied by meaits of -a brush, 
and fixed by heating in a muffle furnace. CABVllf® 
(Oameo Glass) : This consists of two or more* 
casings of opaque white and coloured layers of glass 
one above the other. Tlie design is painted on with 
resist, and the portions of the surface not required 
are etched away by hydrofluoric acid. The roughly 
formed design is then engraved, and finally carved , 
with small tempered steel tools by liand. Thegrourtil *■ 
or background of the de.sign may be polished or left 
with a matted surface. Bottle Glass: Owuig;.;t(i 
the presence of ferric oxide in the cheap materials 
employed in the manufacture of bottles, they are 
generally of a greenish tint, this being due to the 
ferric oxide, upon heating, becoming converted into 
the ferruns oxide; by adding small quantities of 
manganic oxide and oxide of cobalt to the materials 
nsed, an orange or a blue colour is obtained. The 
furnaces generally in use are of the continuous tank 
type, the raw materials being put in at one end and 
the molten glass withdrawn from the other. Bottles 
are blown in moulds made of brass or iron, which, 
whilst being used, must be maintained at nearly a 
red heat. A mould for a cylindriiatl vessel may be 
in one piece, but must witien slightly towards the 
bottom to permit the glass to be removed from it. 
Bottles having names or markings upon the surface 
must be blown in moulds which consist of two or 
three portions. The simplest form of such moulds 
is in two pnrts, lunged at the bottom. The gatherer, 
having collected sufficient glass on the blowing iron, 
pa.ssos it over to the blower, who, having slightly 
expanded the bulb by blowing down the iron,marvers 
it until it assumes a conical form. He then inserts 
the Inilb of molten ghass into the mould, which 
he closes with his foot; by blowing down the iron 
he forces the bulb to take, both externally and 
internally^ the internal form of the mould. He 
opens the mould, and removes the Imttle attached 
to the blowing ir<in. After having “ wetted it 
off” by applying a moistened tool to the neck, it 
is handed to the workman who fashions the lip by 
coiling a small piece of molten glass round the neck, 
and by the aid of a special tool, which he inserts in 
the neck of the bottle, forma and finishes the lip. 
Tlie bottle is then taken to the annealing kiln, which, 
when completely filled, is allowed to cool. Fbessed 
Glass : The cheaper articles for domestic use are 
not made by hand, but by the use. of lever and 
screw pr(!.sscs and stoutly made moulds. The molten 
glass takes the form of the mould upon its outer 
surface, while the inner surface is formed by a 
metallic plunger. Tlie base, body or collar, and top 
of the mould, in which the phinger fits, aje all 
accurately fitted and hinged together. The mould ia 
firmly fixed upon the table of the press immediately 
underneath the plunger, which is attached to the end 
of a screw. By the aid of a fixed crossbar working 
in vertical slides, movement is obtained by revolving 
a flywheel, which is rigiilly connected to the screw. 
This causes the plunger to descend with oon^dezable 
force, and at once presses the molten glass into the 
8h.ape of the mould. ITessed glass always requires 
to be iiolisbed by reheating the outer surface, to take 
away the roughness caused by the chilling action of 
the mould. Cbown and Shbbt GLASS : The oldest 
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method of manufacturing glass for glaeing pui^sea. 
in this country is that known as crown glass making. 
The workman having gathered sufficient glass from 
the pot, marvcrs it, or gives it a conical form by 
turning it in a block of wood or metal, hollowed out 
to the required shape—the apex of the cone forming 
the Bullion Point. The glass is now slightly ex¬ 
panded, reheated, and blown until it assumes the 
shape of a huge decanter having a flat bottom and 
a very short neck. A Ponty, or working rod, is 
attached to the bullion point, and the form severed 
from the blowing iron. The workman standing in 
front of the furnace, with a veil before his face, 
reheats the form ; by rapidly revolving the iron the 

f lass expands into a thin transparent circular plate. 

his |ftate, now called a Tabln, usually about 54 in. 
in diameter, is detached by shears from the ponty 
and lifted into the annealing kiln upon a fork. Tlie 
cutting up of the circular table of glass in rectangular 
shijets causes much waste, and the bull’s eye in the 
centre confines the sheets to rather small sizes as 
com pared with those made by the cylindrical method. 
SUENT Glass, in its preliminary stage, is made 
similarly to crown glass, being forme<l in hollow 
blocks of wood or metal; hut it is expanded by the 
blower to the diameter ultim.otely required. The 
block, if of wood, is sprinkled with water to prevent 
it from burning, and to prevent scratching of the 
glass. A hollow iron block, through which water is 
allowed to pass to keep it cool, is sometimes used, 
the surface of the block being covered with charcoal 
to prevent scratclies. The blower, after Itaving re¬ 
heated the bnlb of molten glass, stands over a i>it, 
or well, some 10 ft. deey), and swings the bulb rouml 
in a vertical piano, and also backwards and forwards, 
until the mass expands into a huge cylinder of the 
required length, the diameter being determined by 
the block, and remaining the same tlironghout. The 
cylinder is opened at the end remote from the iron. 
Iffiin ones are opened by forcing in air through the 
pipe and stopping up the aperture. Upon reheating 
the end, the expansion of the air within the cylinder 
causes it to burst open. The opening is then widened 
out to the size of the cylinder by swinging to and 
fro, with the opening downwards. The thicker kinds 
are opened by attaching a lump of hot glass to the 
endj air is forced in and the cylinder burst open, 
the opening being enlarged by cutting with scissors. 
The cylinder is then placed ny)on a w'ootlen re.st and 
detached from the blowing iron by w^rapping round it 
a thread of hot glass. This is quickly removed, and 
upon a cold iron being placed against the part pre¬ 
viously covered by the hot thread, the end which was 
attached to the bhjwing iron breaks away. The 
cylinder is then, split longitudinally along the inside 
by a diamond attached to a long handle guided by a 
wooden rule. It is now taken to the flattener, who, 
after warming it in bis furnace, places it witdi the 
split uppermost upon the flattening stone, upon 
which is placed a sheet of glass called a Lag be. The 
beat of the furnace oau.ses the cylinder to open out, 
and the flattener rubs dow'n the wavy sheet into a 
flat surface with a Polibsoie (a rod of iron with 
a block of wood at one end). The sheet is after¬ 
wards removed to a cool part of the furnace and 
allowed to anneal. Patent Plate is sheet glass 
sj)eoially selected, and ground and polished by 
machinery. The average sizes of sheets are 48 x .14 
to 38 in., but by the assistance of a mechanical ar¬ 
rangement (called the IBON MAN) sheets are made up 
to 82 X 42 in. Plate Glass is manufactured by pour¬ 
ing the molten glass from the pot (taken from the 


furnace) upon a smooth, flat iron table some 30 to 
40 ft. long by IS to 20 ft. broad, and by passing a 
smooth parallel iron roller of cast iron, some 2 ft. in. 
diameter and weighing many tons, backwards and 
forwards over the snrffioe of the molten mass, by 
men hauling upon tackle attached to the ends. The 
glass is rolled into rough plate, the thickness of 
which is determined by strips of iron placed upon 
the table, and upon which the ends of the roller bear, 
the distance apart of these strips determining the 
width of the plate. The plate being “cast,” it is 
thrust from the table into the annealing oven, which 
is closed up and allowed to cool. The rough plates 
are used for lighting purposes; if reejuired for 
mirrors, etc., they are ground and polished. To 
effect this the plate is first bedded in plaster of 
Paris upon a revolving table, and cast iron rubbing 
plates are laid upon it, each liaving a central pivot or 
I'in which works in the eyes of two fixed radial rods 
carried to cast iron standards erected outside the 
revolving table. Sand and water are allowed to flow 
upon the plate, and the surface is ground flat. The 
grinding process is corapkdcdbj' the use of powdered 
emery. The plate is turned over and the process 
repeated. The plate is next smoothed by bedding it 
upon another table or machine, bnt instead of iron 
platc'.s, slieets of glass are used for rubbing, with 
finely powdered eincny and wetter as a medium, 
beginning with the ooetrsest grain and finally fini.sh- 
ing off by hand, using wood blocks with flour 
emety and watcT. Polishing is performed on anotlier 
machine, thx* tahlcj hiivhig an alternating sideway 
motion at a slow speed under a pair of anus moving 
at a high speed and at right angitis to that of the 
table. Upon the arms, at intervals of 12 in., weighted 
spiudle.s aie placed, at the bottom of which are discs 
of wood capyied with fcilt; these are put upon the 
surfatje of the plate w'hicli is bedded upon the table. 
Uougc and water are squirted upon the gla.«s with 
syringes, and the surface polished. Both sides of 
the plate are trcjjted in this way. Those plates vary 
in ttiicikness from f to | in., and are cut up into 
required sizes with a diamond. Plaice glass used for 
mirror.s and windows can be ileeorated by etching, 
engraving, and light cut, patterns. G. J. 0. 

Glass, Natural ( ffeol.) Volcanic products, due to 
the rapid cooling of a fluid mass of rook from its 
initial high temperature. OLSiniAN is a natural 
glass, having about the same composition as that of 
granite. Many pitchstones bear the same relation to 
syenite, while the native glass known as Tachytjtb 
is the glassy representative of the gabbros, dolerites, 
and basalts. 


Glass Paper fr Cloth. Sheets of tough paper or 
a thin fabric, the .surface of which is covered with 
finely crushed glass (causerl to adhere by glue). 
Used for smoothiug surfaces of wood, etc. /See alto 
KANDPArBR. 

Glass Papering Machines (Joinery, etct) Machines 
which give laprd rotation to a disc or roller covered 
with glas.spaper; this can be brought in contact 
with the surface of woodwork requiring to be glass 
papered. 

Glass, Soluble* Sec Bolublb Glass. 


Glassy Felspar (Mim,.') A variety of Obthoolabb 
( y.D.) occurring in vitreous crystals in volcanic rocks. 

Glanberlte (Min.) Calcium sodium sulphate, 
CaNa/bOj,)- monosymmetric. Occurs in asso* 
elation with gypsum, rook salt, borax, etc. 
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Glauber Balt (ilfim.) A 67110071x1 for MiBAUiLirB 
(?■»•) 

Glauber’a Salt (Oiem.'), NaySO.lOHjO. Sodium 
sulphate crystallised below 34“ C., when it crystallises 
with ten molecules of water of crystallisation. See 
Sodium Compounds. 

Glauconite ('ATm.) A hydrous silicate of iron and 
potassium of somewhat variable comxxisition. It 
occurs in small grains of a greyish or olive green 
colour in the Greensand and some other rocks. It is 
not known crystallised. 

Glaze (Pot.) Glaze is that which form.s the gloss 
■or smooth transparent surface on pottery or porcelain. 

•It may be either colourless or coloured. Generally 
composed of an admixture of alkalis with silica, 
lime, and often oxide or carbonate of lead. A glaze 
is said to be “ hanl ” if it requires a great heat to 
melt it, and “soft” if it is melted at a low tem- 
peiaturo. See IlAKD Paste. 

Glazed {^BuUd.') Filled in with glass. 

Glazed Boards. MiU boards that have been sub* 
je' ted to groat pres.sure. I’rinted sheets are some¬ 
times i)laccd between glazed boards in a jiress to 
impart a more fiiiij^hed appearance. 

Glazed Brick A brick used for facing, 

having a glazed surl'aoo. 

Glazed Frost QfetrimilJ) When damp air at the 
beginning of a thaw comes into contact with very 
cold ground, a thin shoot of ioc"is sometimes formed. 
Itaiu or a warm wind coming suddenly alter a frost 
will sometimes produce this effect. 

Glazing (AW/., o^c.) The clogging of the surface 
of a grind.stouo by the material romov<jd from the 
uictal which is being ground. 

- {Leather Manvfar.) A process by wliich a 

high glo'S is given to leatJicr. Tlie skin to be glazed 
is coated over with a solution of albumen, and glazed 
when dry by a glazing machine. Calf Ixiot leatlter 
is glazed by brushing with a solution of wax and soap, 
ami polishing with brash or ckith. 

- {Plumh.) Going over a w’iped joint with a hot 

iron, in order to produce a finisiied .surface. 

Glazing Colour (Pec.) A tran-sparent colour used 
<i\er a eomparativeiy dull ground to increase its bril¬ 
liancy : thus, when a very bright green is required, 
a light green is glazed over with emerald green {q.v.), 
w.’.ich has very little body (q.v.) The madder lakc.s 
are often used to emich the effect of red grounds. 

Globigerina Ooze or Foraminiferal Ooze {Gevl^ 

An accumuiuiiou of the calcareous shells of various 
kinds of foraminifera which gathers on the ocean 
lloor at considerable depths, and which prevails 
there over a largo area of the Earth’s surface. In 
past times deposits of essentially the same nature 
have given rise to considerable groups of strata, some 
of wliich form important geographical features. 

Globnlav Lightning {Meteorol.) An electrical 
phenomenon whose nature is not understood: an 
appearance resembling a globe of iiru, sometimes 
visible for a number of seconds, is produced. 

Globular Structure {(teol.) A general term 
which is applied indifferently to such ca.ses as tho.se 
where concretions have grown into ball-like masses ; 
to the spheroidal structures developed in some 
-vitreous rooks; and to the bomblike forms assumed 


by some basalt or andesite lavas In cases where 
they have flowed into water. 

Globulins {Chem,') A class of proteid snbs^^ces 
very similar to the albumins, but differing from them 
in being insoluble (or very difficultly soluble) in 
water, soluble in dilate salt solutions from which 
they are precipitated On further dilution or removal, 
of the salt by dialysis, insoluble in saturated solu¬ 
tions of sodium chloride and magnesium sulphate, 
insoluble in half saturated ammonium sulphate soIU- 
tion-s. They are precipitated from tlieir solutions by 
dilate acids. After being precipitated by acids or by 
removal of salt by dialysis, they quickly become in¬ 
soluble. Home of them are acids, having an acid 
reaction to litmus. Examples of globulins ai% serum 
globulin, cell globulin, crystallin (in the crystalline 
lens of the eye). 

Glockenspiel {Mtiaie'), See Musioal Instbu- 

MENT.S—PEECUSSION (DEFINITE HOITND). 

Glory (Ai'f). See Auheoua. 

- {Mcteorol.) See FO(J IMAGE. 

Glory Hole {Cflase Jdanufac.) See FUBNACBB 
(Gi.ass). 

Gloss {Pea.') Fine oil paint is an important indica¬ 
tion of the proper mixing and good quality of the 
ingredients. If good linseed oil is used, the paint 
will always show a good gloss. A little varnish is 
often added to paint to increase the gloss; but if too 
much is used the paint is likely to “ curdle.” Home 
painted work is finished entirely without gloss. See 
Flatting Matt. 

Gloat Oven {Pat.) After the bisque ware has 
been dippc ^ in the glaze it is fired in the Glost Oven 
to melt the glaze. See Bisque and Enamel Kiln. 

Glove Leather {Leather Manufac.) Made from 
lamb and kid skins. The leather is prepared by a 
tannage or tawing process, the ingredients consisting 
of alum, salt, flour, and egg yolk, mixed to a paste 
with water. The paste is got into the skins either 
by Tkeading (France and Germany) or by Dbuh- 
MIXG in large revolving drum (England). See 
Dbumming. 

Glover Tower {Chem. Eng.) A reaction tower 
placed between the pyrites-buraers and vitriol 
chamber in tlio manufacture of sulphuric acid. The 
hot sulphur dioxide from the burners passes up the 
tower and decomposes the nitrosulphnric acid from 
the Gat Lussac Towbb {q.v.), carrying the nitro 
compound.s forward into the cliambers. 

Glow {Met.) Sky glow accompanies the rising 
and setting of the sun, and is due to the diffraction 
and reflection of light by the minute particles in the 
air. Magnificent coloured glows usually accompany 
large volcanic outbursts. 

-Counter {Astron.) See GEOENsnEiN. 

Glttcinum {Chem.) Bbetllium {q.r.) 

Gluconic Acid {Chem.), UII,,OH. {CHOH),. COOH. 
A syru])y liquid which readily pasfses into its lactone 
{eee l.ACTONES) ; a cry.stallinc solid. It is dextro¬ 
rotatory ; its loBio and inactive forms are known. It 
is obtained by heating dextromannOnie aoid with 
quinoline; also by oxidation of dextrose with 
bromine water. On reduction it yields dextrose. 
It is veiy important in the synthesis of dextrose (q.p.) 
and Imvnlosu. 

Gluoosazone ((?%sm,) ASw Osazones. 
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OlocoBe CCkem.') Another name for Dextbosb 
(fl'.r.) 

OluooBldeB (_Chem.') Ate ether derivatives of 
glm-ose. Many glucosides which oconr naturally are 
very imi>ortaiit substances; they are resolved by 
enzymes O/.v.) and by dilate acids and alkalis into 
glucose, and the other substances united with it iu 
the glucosides. For examples of glucosides see 
AHTauAUN, SALiciJf. The simplest glucoside is 
methyl glucoside, which is prcpjjred by t he aid ion 
of hydrochloric acid on glucose di.ssolvcd in methyl 
alcohol. It exists in two storeoisomcric {see 
StkreoisOmkbism) forms having the formulae : 



HCOH 


CH,OH 

a*Me(b}i Glnooside. 


CH.O.OH 

IKXm" 

I 

HOCII 

I 

HC 

nooH 

I 

CTIjOH 

/S-MctJiyl Glucoside. 


The enzyme invertasc hydrolyses the a form, hut not 
the j8 form; while emulsin hydrolyses the fi form, 
but not the a form. The natural glucosides are 
hydrolysed by emulsin just as /J-methyl glucoside is. 
As invertase can only split 1 molecule of glucose 
from the araygdalin molecule, while emulsin can 
split off 2 molecules, it is concluded that 
amygdalin (y.t’.) contains the two glucose molecules 
in the form of maltose (y.u.) 


GlacoBone {Cfiem.") See Osazones. 

Olne. An impure form of gelatine made from 
bones, skin, and animal refusc'gencjally. The colour 
and quality vary con-sidcmbly, according to the 
material from which the glue is manufactured. 
Good glue is wholly In.soluble in cold water, but 
absorbs a quantity when immersed, sometimes as 
much as four times its weight. There arc many 
processes of glue making, but they all consist of 
digesting tlie bones or hides, clarifying the gela¬ 
tinous liquor, and running into moulds. The jelly is 
then cut up into slices, which are placed on nets in a 
stove to dry. See .Size. 

Glue Pot Glue is usually melted in a vessel sur¬ 
rounded by an outer vessel which IVirms a water 
bath. This subjects the contents to a steady tem¬ 
perature not cxcee<Hng 212“ F.; and the. hot water 
in the outer vessel serves to retain I he heat when 
the pot is removed from the stove for use. 

Gluiujf {Carp., etc.) Gluing consists essentially 
Id filling the interstices between two surfaces of 
wood (or other material) with a thin layer of glue. 
All superfluous glue should be expelled by squeezing 
(or by rubbing the surfaces together when possible). 

Glume {Botany). The two scales at the base of 
the spikelet in the inflorescence of a grass. 

Glutaminlc Acid {Chem,.), a-Aminoglularic acid, 
OOOH.CHjCHjCIINIIjCOOH., is a decomposition 
product of albumin on boiling with hydroc.hloric 
acid: it is also widespread in the vegetable king¬ 
dom. Forms shining octahedra; soluble in hot 
water. It is dextrorotatory. 

Gluteric Acid (<7Acm.), COOH.CH,.OH.,.CHj,. 
OOOH. Forms shining prisms very soluble in water; 


melts at 97°. It forms a cliaracteristic zinc salt. It 
occurs in wool fat and in turnip juice. It may be 
obtained from sodium malonic ester {see Malohio 
A oiD) by action of methylene iodide : 

—^CH(COOCjH(), 

2CHNaCCOOC,Hj), + CH^ = CH, +2NaI 

\(JH(COOC*Hs)8 

On saponifying this ester and heating the product, 
it yields glutaric acid. The acid is also produced by 
treating dihydrore.sorcin vrith sodium hypobromite— 
an example of change from a benzene ring compound 
to a fatty compound. On slow distillation i t yield.s an 

/CHj.CO 

anhydride which yields an Tmide, (,'Hj \nH, 

\oh..c4 

w'ith ammonia: this amide isprotluccd by oxidation of 
PiPEBioiNE with hydrogen peroxide. Uimethvf.- 
GLUTABIC Aoid. COOH .CHgCHj,. C(CH,)j.COOH, is 
au oxidation product of camphor. 

Gluten {Chew.) llie substance obtained when 
flour is made into dough atul /he latter washed free 
from starch by water. It is not pre.-^ont in flour, but 
Ls generated from the flour protcids by the al>ovo 
treatment. WJien moist, it is a yellowish grey sticky 
mass; on account of its tisnacity it retains the 
carlwnic acid iu dough when yeast is added or 
carbon dioxide is passerl into it, thus making broad 
light. Gluten is not a single substance; next to 
notliing is known of its chemistry. See Bread. 

Glutin {Chem.) Another name for Gelatine 
{q.V.) 

Glyceric Acid {nu-rn.), CHjOH.CHOU.COOH. 
A syrupy liquid soluble in water and alcohol. It 
contains an asymmetric carbon atom {q.e.) (the 
middle cue); anrl the inactive acid can be resolvi'd 
into its two comiwnents— ylancvm de¬ 
stroying the amiuonium salt of the dextrorotatory 
v.Triety and leaving the hev'orotatory salt, while tlio 
Bac'Ulss ethareiiciis destroys ttic hev-orotatory acid 
only. Tlie inactive acid is obtained from glycerine 
by oxidation with dilute nitric acid. 

Glycerine {Chem.), 011,01 T.OHOH.CH^iOH. A 
celourless, odourles.s, visco.3s liquid w'ith sweist taste. 
Boils at 290° C.; it is about a quarter as lieavy again 
as water ; burns with pale blue flame; is very hygro¬ 
scopic, readily absorbing moistiirc from the air. It 
mixes with W'ater and alcohol in every proportion, 
but it is insoluble in ether, benzene, chloroform, 
carbon disulplude. It is a very’ powerful solvent, 
dissolving many salts ju.st as water does; it also 
dissolves many metallic oxides, e.g. lead oxide. It is 
a ciuistant product of the alcoholic fermentation of 
sugar. In nature it occurs combined with the “fatty 
aciils ” in fats {q.r.) It is prepared on an enormous 
scale as a by'-jffoduct in the preparation of fatty 
acids for candle making, and in the manufacture of 
soaps. In tlic first case the fat is resolved into fatty 
acid and glycerine by treatment with superheated 
steam in presence of a little lime ; in the second 
ca.se by boiling with caustic soila or potash, and the 
glycerine is purified by juocesscs too complex to be 
given here. The following are important reactions 
of glycerine: (1) Heated with sulphuric acid or 
potas.sium hydrogen sulphate it gives acrolein {q.v.) ; 
(2) with amorphous phosphorus and iodine it gives 
allyl iodide, isopropyl iodide, and propylene; (3> 
oxidised by dilute nitric acid it gives glyceric acid 
{q.V.) ; (4) with bromine water it gives Oltcebobb, a 
mixture of the aldehyde CHgOHCHOHCHO and 



QLY 


261 


OLT 


Ketone CHjOHOOCHjOH (see Suqabs); (6) witli 
alkaline pennanganate it gives oxalic acid; (6) with 
mixture of nitric and snlpburic acids it gives Nitso* 
«tLYCEiBlKB (;.v.); (7) it dissolves boric acid on 
heatii^, forming the preservative BoBoaLYOKBinB. 
It is used in memcine and as a lubricant for watches. 
(She Quikoline. When the hydroxyl groups in 
glycerine are replaced by chlorine, compounds called 
Chlobhydkibs are produced; when a terminal OH 
group is replaced, a-MoxocHLOBHYDBis results; 
when the middle OH group is replaced, /3-MoiiO- 
CHliOBHYDBlN results; when two terminal Oil 
groups are replaced, a-DiCHLOBUYDBiN results ; 
when two adjacent groups are replaced, /3 -Dichlob- 
HYDBIX results. They are all liquids, and are pro¬ 
duced in the order given above by the action of hydro- 
cliloricacid on glycerine, by the action of hypochlorous 
acid on aUyl alcohol, by the action of hydrochloric 
acid on glycerine, and by the action of chlorine on 
allyl alcohol. 

Glycerol (f’Am.) Another name for Glycerine 
O/.r.) 

Glycin (PAato.) Taraoxyphenylglycin, 
CgHjOHNHCTljCOOll. A dfVcloi>cr somewliat re¬ 
sembling ferrous oxalate in being .slow in its action. 
It develops images perfectly free from fog, even 
without the use of bromide. It i.s extremely valuable 
in developing a number of plates together by what 
is known a.s stand development 

Glycine (CAew*.) Another name for Gltcocoll 

Glycooholic Acid C,jjTT,jMO„. A colour¬ 

less erystiilliue .solid ; melts at to 134'’; very 
s^iaringly soluble in water (less than 1 in l.OdC); 
dextrorotatory. It occurs in the form of its sodium 
salt in the bile of all animals. Boiled wdth acids or 
alkalis, it yields glyeocoll (y.tJ.) and cholalic acid—a 
suiistuncc of unknown constitution. Glycocholic 
acid is monobasic, and its alkali salts are easily 
soluble in water and in akaihol, 

Glycocoll (Chem.), CIl^NTI..COOH {awido- or 
afuAiwar-ctiO aoid). A crystalline solid with sweet 
taste ; melts with deermposition at 232° C.; soluble 
in water, insoluble in alcohol. It is a decomposition 
protluct of albumin, and especially of gelatine (y.r.) 
It occurs combined vrith salicylic acid in urine as 
salicyluric acid when salicylic acid has been taken ; 
and combined with benzoic acid as hippurio acid 
{q.v.) normally in the urine of herbivora; it also 
occurs combined with cholic acid as glycocholic 
acid in bile. It is best prepared by boiling hippurie, 
acid with hydrochloric acid; it may also be obtained 
synthetically by acting upon monoohloracctic acid 
with ammonia; also by the action; of hydriodic acid 
upon cyanogen. As it contains a ba.sic group (NHj) 
and an acid group (COOIl), it forms two series of 
salts. Heated with baryta it yields metbylamine. 
With ferric chloride it gives a red colour. (Sarcosine 
and bebiine are its mono- and trimethyl derivatives 
respectively (see these). See algo Diazo Compounds. 

Glycf^en (^Chom.), (CgH,jOj)u. Anim.al starch. 
A white powder which forms an op.ile.scent solution 
in water. It occurs in the liver of animals. It is 
dextrorotatory'; gives a red colour with iodine. 
Adds convert it into glucose, and ferments convert 
it into maltose. 

CHjOH 

GlyeoUlo Aoid (CA^w.), I . A white crystal- 

COOH 

line solid; melts at 80 °; very soluble in water. It 


occurs in the juice of unripe f^pes and im turnip 
juice. It is prepared by boiUng monoo^oiacedc 
acid with water ; it is also produced by oxidation of 
alcohol or of glycol by nitric acid, and by the action 
of nitrous acid upon glycocoll; it is also formed 
when oxalic acid is reduced by sodium ama^am. 
On heating it forms anhydrides. Nitric acid oxidises 
it to oxalic acid. It behaves like an alcohol and an 
acid. 


Glycols (f?Am.) Are dihydric alcohols of the 
{laraffins. When the (OH) groups are adjacent wo 
have the et-glycols, when separated by one carbon 
atom the ^-glycols, and so on; e.g, 

CHjOH CH, OH^OH 


CH,pH 


Ethylene Glycol 
(the einipleet 
pneaible glycol). 


CHOH 

1 

cn.pH 

a-Propylene 

Glycol. 


CH, 

(IlHsOH 

^-Proiiylene Glymd 
(Trimetliylexw 
Glycol). 


Ethylene glycol, commonly called Glycol, may be 
regarded as a type of these compounds. It is a thick 
sweet liquid; boils at 1!>7° It is obtained by boiling 
ethylene ilibroinide with potassium carbonate and 
water. With hydrochloric acid at 160° it forms 


CH,Cl 

ethylene chlorhydrin, | ; with concentrated 

CIipH 

sulphuric acid it forms the sulphate; with a mixture 
of sulphuric and nitric acids it forms the dinitratc. 
Nitric acid oxidises it to 


C11.,()H CHO CHO COOH 

I I I I 

COOF CHO COOH COOH 

Glycitllic Acid. Glyozal. Glyoxylic Acid. Oxalic Acid. 
Phosphorus pentachloride gives ethylene chlorhydrin. 

cn,OH 

Sodium gives first monosodium glycol, | ; then 

CHpNa 

OHjONa 

disodium glycol, | 

CIT.,ONa 

CHO 


Glyoxal QlViem.), | A colourless amorphouB 
CHO 

solid which contains water: very soluble in water, 
alcohol, ether, it is obtained by the action of nitric 
acid on glycol, glycollic acid, alcohol, or aldehyde: 
it is best prepared from the last of the.se. It gives 
the usual reactions of an aldehyde with sodium 
hydrogen sulphite, with hydrocj’anio acid {see 
Tabtabio Acids), with hydroxylamine, and with 
phenylhydrazine; also with ammoniacal silver. But 
with ammonia it yields as principal product a hetero# 
cyclic ring compound called Glyoxaline, 

(N) 

(/S)CH.NHV 

I /CH (/i) (the letters are used in 

(a)CH . N/' 

naming substituted glyoxalines), a v,hite solid 
melting at 90° and acting as a strong base; it has 
many derivatives. When glyoxal is treated with an 
alkali, one half of the molecule is oxidised and the 
other half reduced, and glycoUic acid results: 

CHO CHPH 

I + HP . 1 
CHO COOH 


Glyphs {Architeet^ Yertical channels used in the 
Doric frieze. See IBIGLYFH and Diolyph. 
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Olyptios (Art% The art of engraving or carving, 
eapeciwj engraving on preciouB istones. This art 
vras exfensivdj practised by the Egyptians and the 
Greeks. 

fllyptograph (^Art). An engraving on a precious 
stone. 

OlyptotheeaH A gallery in which works of sculp¬ 
ture are placed. 

Gnat C^ool.) An insect belonging to the order 
Diptera (two-winged flies), which also includes the 
- housefly, gadfly, and midge. 

Gneiss (Quol.') Strictly speaking, this term is 
applied only to any banded aggregate consisting 
essentially of crystalline felspar, together with folia, 
leaflike bands of one or more of olher rock forming 
minerals. In a few cases gneiss has cwdently orison 
through the deformation and .subsequent recon¬ 
struction of an eruptive rock. In most other cases it 
appears to be due to the action of alkaline water at 
high temperature and pressure operating upon old 
sediments. Its minerals in some cases resemble 
those of granite; but there are syenite gneisses, 
diorite gneisses, gabbro gneisses, and other kinds. 

Gnomon (^Axtrm.) (1) A vertioal rod used by the 
Greeks to obsejve the motion of the sun by watching 
the shadow. (2) Ti>e rod or pl.ate whose shadow 
indicates the time on a Suk Diai. (p.v.) 

Gobelins- The State factory of tapestry, osta- 
blislicd in Paris. The factory was founded by the 
family of this name in the fifteenth century, and 
became a r<jyal establishment under Louis XIV. It 
has always been famous for the excelleuoe of the 
work aud the beauty of the colours employed. 

Gobony ( Ifet.) Si-e Compony, 

Godroon, Gadroon (,Art )., A system of ornament 
formed of conv(;x curves or arcs joined at their 
extremities: used chiefly in tlio ornamentation of 
plate and vases, but also in architecture, costume, 
etc. 

Goinif {Joinery'). The horizontal distance between 
two risers {q.v.) in a staircase. 

Going Bafpel ( Watches, C'locks). A barrel with 
the main wheel teeth cut ujton it, driving the train 
direct, no fusee being used. The energy reaching 
the escapement is v.'iriuble, being greatc.st wlien the j 
spring is fully wound; but this Las little effect on the 
rate of a timepiece governed by a balance and spring, 
and simplifies the mechanism, especially in a keyless 
watch. Xsc Tbaik, Fusek. 

Going Part {Textile Manufao.) See Batten. 

Gold (6%m.), Au. Atomic weight, 197. A yellow 
metal; specific gravity, 19*3; melts at 1,037° C. When 
nre it is absolutely unchanged in air. It is dissolved 
y concentrated sclenic .acid, forming auric selenite; 
also by aqua regui and by solutions of chlorine (the 
aqua regia acts upon it by virtue of the chlorine 
liberated by it), forming auric chloride, AuClj; also 
by dilate potassium cyanide solution in presen<ie of 
air. The pure metal is extremely malleable: the 
thickness of gold leaf is about of an inch. 

Wben viewed by transmitted light, gold leaf is seen 
to be green. When the gold leaf is made still thinner 
by treatment with dilute potassium cyanide solution, 
which dissolves gold, it transmits sneoessively blue, 
violet, and red light. Gold IiBAP is made by rolling 
gold, tben beating it out in calfskin, and finally in 
goldbeaters’ skin (a membrane prepared from the 
outer sheath of the intestines of the ox). Gold is 


also very ductile: the gold in four sovereigns can be 
drawn Into a wire equal in length to the earth’s 
circumference. Gold always oocuis free, but not 
pure; it is usually alloyed with copper, silver, tel¬ 
lurium, etc. Many methods are in use for extracting 
gold from the earthy and metallic impurities 
u.ssociated with it in nature: (1) Alluvial deposits are 
washed by a powerful stream of water into a eloidng 
channel, the bottom of which contains crevioes into 
which mercury is poured. The gold, being far heavier 
than the earthy matter washed into the channel with 
it, rapidly sinks and amalg.auiates with the mercury. 
(2) When the gold occurs in rock, this is broken up, 
then ground to powder with water. In the stamps, 
or grinding machine, amalgamated copper plates are 
placed totakc up some of the gold, while the rest of the 
pulp is run over sloping amalgamated copper sheets, 
which take up more ge ld. The stream of powdered 
ore and water is run into settling tanks, when the 
gold which has escaped amalganmtion settles, and is 
recovered by one of Uie following chemical processes: 
The gold amalgam from process (1), or the amalgam 
scraped from the copiier in •jiroccss (2), is distilled 
to free it from mercury, (.’i) If the gold is finely 
diviiled the material may lie placed in closed vessi^ls, 
aud, after moi.stening, acted on by chlorine gas, which 
forms tlie very soluble chloride of gold. If the (ire 
contain pyrites it must first be roasted to drive off 
sulphur; also tlie chlorine must not contain hydro- 
chloric acid. The gold chloride is wa.shed out of the 
ore by water, and tlie gold precipitated by ferrous 
sulpliato solution. Tlie bl.ack powder is melted and 
(last into ingots. (4) Finely divided gold is dissolved 
by a dilute solution of potassium cyanide in preseuco 
of air, forming a soluble double cyanide of gold and 
potassium, 2Au + 4KCN -i- HjO -s 0 = 2K. Aii(CX).^-S 
2KOIT. The solution obtained by this process is 
deprived of its gold either by [irecipitation with zinc 
or by electroly.sis. In the former case the gold is 
rubbed off from the zinc and melted and oast into 
ingots. A modification of process (3) consists in using 
chlorine gas and bromine vapour underpressure; and 
a modification of process (4) in using c.vanogen bro¬ 
mide as well as potassium cyanide. When it is desired 
to extract a small quantity of gold from gold-con¬ 
taining silver (e.g. in assaying), the process known 
as I'AUTING BY SuLPiiuKio AotD is employed 
T'lm metal is granulated {i.e. molted and poured into 
cold water), and tlicu boiled in leaden vessels with 
strong sulplmrio acid, whicli converts the silver iirto 
silver sulphate and loaves the gold unchanged. 
During the process the suljihur dioxide which 
escapes is reconverted into sulphuric acid. The 
silver sulpliale is dissolved in boiling water, the 
solution removed, leaving the gold behind as a black 
powder, which fs collected when a sufficient quantity 
has been obtained, and melted. The silver is re¬ 
covered by precipitation with copper. When gold is 
required quite pure, it is melted, and a current of 
chlorine g.as is led into it, when copj^r, silver, 
arsenic, etc., are converted into chlorides, all of 
which volatilise except the silver chloride, and this 
forms a scum on tho top of the melted gold, and is 
easily removed when the whole has solidified. The 
Touchstone is commonly employed in testing the 
purity of gold; it is a piece of bl^k basalt or {date, 
on which the article to be tested is robbed, and the 
streak is treated with fairly strong nitric acid con¬ 
taining a little hydrochloric acid. The effect pro¬ 
duced on the streak is compared with the effect 
produced on streaks made by TOUCH Needles con¬ 
taining a known proportion of gold. In this way 
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the proportion of gold can be estimated with fair 
accuracy; but if the article be coated with pure gold, 
a part of the surface must be ground off on the 
touchstone. The proportion of gold in an alloy is 
expressed in carats. Pure gold is 24 carat gold; 
the gold coinage is 22 carat (i.e. it contains twenty* 
two parts gold and two parts of copper in twenty-four 
parts).^ This coinage alloy is much harder than pure 
gold; it has a specific gravity of 17’2, and melts at 
§46° Aluminium forms remarkable alloys with gold. 
An alloy containing 10 per cent, of aluminium is 
white, and melts about 620’; an alloy containing 
22 per cent, of aluminium has a fine purple colour, 
and melts above the melting point of gold. 

Gold ( Min.) This element occurs native in crystals 
of the cubic system (usually in complex aggregations), 
but more often in a granular condition, in alluvial 
deposits, and disBeminate<l in quartzoso metamorphic 
rocks, where it is in nitu. It is frequently associated 
with precious stones, as zircin, ruby, garnet, toiiaz, 
etc., and with certain metallic minerahs, a.s tellurium 
ores, and platinum, and magnetic and titanic iron. 
Silver to the extent of nearly 30 jier cent, may be 
alloyed with it, as may also copper, iron, palladium 
and rhodium, the latter to the extent of 4(J per cunt, 
in rhodium gohl. It is of a characteristic colour, 
blit its chief distinguishing feature is its ductility 
and malleability, ft has been found s])aringly at 
several places in the Uritish Isles ; it is also obtained 
from many places in Europe, as Konisbiag, Schemnitz, 
Kapnile, Offenbanya, Piedmont, etc.; from the Urals, 
China, Thibet, India, the West Coast of Africa; 
largely in South Africa, Australia, India, California, 
Klondike, New Zealand, and T asmania. 

Gold Amalgam (Mlii.) A native amalgam of gold, 
silver, and mercury containing about 40 per cunt, of 
gold. It has a whitish colour, and occurs in grains 
or in small crystals. It li.as been found in California, 
Central Amfirica, Australia, and Siberia, 

Gold and Black Marble ilW.) This marble is 
imitated in vai ions ways, the simplest, being to paint 
a solid ground in bone or ivory black, and to put in 
the golden yellow veins with a mixture of white, 
ochre, and Indian red, or raw and burnt sienna. The 
black spaces between the veins are then glazed with 
a transparent grey tint, and finally very thin white 
veins are put in. The marble is not difficult to 
imitate if a careful study is made of the veining. 
Sometimes leaf gold or bronze powder is used on the 
veins, but the practice is not one to be recommended. 
See Mabblixg. 

Gold CompoundB ( niem.) Auuoirs Oxidk, AujO, is 
agreen powifer obtained by the action of caustic potash 
on aiirous chloride. Auric Oxide, Aup,. forms a 
brown pow'der when dry, decomposed by light, also 
on heating. It dissolves in alkalis, forming Aurates, 
e.g. KAnO,. It may be oVitaincd by adding an 
alkali in excess to auric chloride, and rerlucing wdth 
suliihnrous acid. With ammonia it gives fulminating 
gold (//.".) Aurous Chloride, AuCl, is a pale yellow 
powder insoluble in water, obtained by heating the 
triobloriiie at its melting point. Boiled with water 
it yields gold and the trichloride. It is easily deoom- 
po.scd into its elements on heating. Auric C!hloride, 
AuCl, (Chloride op Gold), when volatilised, forms 
“large thin red crystals, very like rubies, and 
glorious to behold, which would run in the air, 
per deliqmum " (Boxle) ; melts at 288° .and decom¬ 
poses in air into the aurous chloride. “ The decom¬ 
position ... in air might he expected to become 


perceptible at 70°, requiring, however, about twraity- 
five years for its nearly complete change into the 
monoohloride ’’ (Bose). It is very solttl^ in watet« 
alcohol, and ether. Water oontaining oi^nio matter 
reduces it. It may bo prepared by dissolving gold.. 
in aqua regia; evaporating the soluticm, which Is 
chloro-auric acid, HAuCl,, and very gently heating to 
expel the hydrochloric aoid. Its solution mixed mth 
Bodiumthiosulphate forms sodinmaurous thiosulphate, 
Na^u(S,0,)j—a solution used in photography. Q(fid 
chloride also unites with the hydrochlorides of many 
organic bases, forming oharaoteristic doable salts, 
See alto Purple op Cassius. 

Gold Cashion (^Binding). A flat board on whioh 
a couple of thicknesses of flannel are laid, the whole 
being covered with a piece of calfskin, the rough 
side up. It is used to cut the gold leaf upon. 

Golden Number (Axfrrm.) The number of a 
year in the Metonic Cycle. See Mbtonic Ctclb. 

Gold Leaf QBeo.) Is sold in a variety of qualities 
and colours, and, for the puiposes of the ^der, is 
usually put up in “ book.s,” i,e. interleaved with paper 
sewn at one side, measuring 3^ in. square, and oon- 
feiin iiig twenty-five leaves of gold. In calculating the 
quantity of gold leaf required, it is usual to take the 
area as a square of 3 in., so as to allow for waste. 
Leaf gold'is ap^jlied to a surface of gold size, when 
nearly dry, by means of a “tip” (jj.v.), and adheres 
closeiy to the surface. An American system of 
gilding by means of long ribbons or stri^ of gold 
rolled round a small cylinder, and applied by means 
of a simple appliance, is growing rapidly in favour 
among railway carriage builders, decorators, and 
yacht builders. 

Gold Leaf ElectroBcope (Bleet.) Consists usually 
of two rectangular pieces of gold leaf attached to 
the end of a conducting rofl, insulated by ebonite, 
glaas or, better, sulphur or paraflin wax, and screened 
from air currents by a glass case or shside, A charge 
of electricity given to tlic rod (cither by contact or 
induction) causes the leaves to diverge. 

Gold Paints (^Dec.) Originally these were gold leaf 
ground up with some medium. They are now really 
bronze powders susiiended in a varnish or other 
quick drj-ing medium. The bronzes are alloys of 
copper and tin, and, owing to climatic conditions, 
they have to be made abroad. The brightness of the 
IKiint depends on the skill in making the bronze and 
the use of a medium whioh has no solvent action on 
the bronze alloy. 

Goldschmidt’s Process (,Clwm.) Goldschmidt, 
requiring some aluminium sulphide, found he could 
easily prepare this compound by igniting a mixture 
of galena (I’bS) and aluminium powder. A violent 
Tea(;tion occurred, and he obtained lead and aluminiaj|i 
sulphide. Similarly from ferrous sulphide anil 
aluminium powder he could easily obtain aluminium 
sulphide and metallic iron. He then examined the 
action of powdered aluminium on various metallic 
oxides, and found that on account of the enormous 
heat of formation of aluminium oxide, the aluminium 
could reduce all oxides except that of magnesium. 
To rediwse an oxide, tlie latter, in the form of powder, 
is mixed with powdered aluminium in slight excess, 
and the mixture placed in a crucible. When the 
reduction is easy, the reaction can be started by a 
piece of magne>uim ribbon, which is stuck into the 
mixture and ignited; when the redaction is more 
difficult, as in tlie case of chromium oxide, a cartridge 
of barium dioxide and aluminium powder is nuum, 
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and magoeBiTim ribbon is inserted in this. It is 
estimated that the temperature attained int these 
rednctioDS is about 3000®. The reduced metals form 
fused masses at the bottom of the crucible. In the 
ease of chromium the slag contains minute rabies 
(AljO,) coloured by chromium. Besides finding 
extensive use in the reduction of metaLs, the process 
has been applied to soldering iron pipes where a 
very high temperature is required. 

Gold Size {Dec.') See Japannkb’s Gold Size, 
Wateb Gold Sjzb, mtd Matt Gold Size. 

Gombron Ware (Pot.) A Perso-Chinese ware of 
a seini'porcelain character, creamy white in colour. 
It was so called because imported from Gombroon 
(Bender-Abbasi) in Persia, in the seventeenth century. 
An imitation of this ware was made in Chelsea. 

Gonfalon. A banner suspended from a cross bar 
attached to a.pole. The banner generally terminates 
in several pointed streamers. 

Gonfannon (Arehcpol.) A pennon or small flag 
attached to a Imight’s lance immediately below the 
bead. 

Qong (Clocks, Watches). A steel wire coiled into 
a flat spiral form, used in clocks and repeating 
watches in place of a bell. 

Goniometer (Min.) An instrument for mea¬ 
suring angles. There are two patterns, Contact 
and Beplkcting goniometers. In the contact 
goniometer two hinged metal bars are ailjusted in 
contact with the laces whose angle of inclination is 
to be measured, and the angle rcafl off on a divided 
circle attached. The angle is usually read as the 
angle between the normals of the faces, i.e. ISfP less 
the dihedral angle b<itween the faces. In the re¬ 
flecting goniometer the edge between the two faces 
is adjusted to lie in the axis of rotation of the 
divid^ circle; the crystal is then rotated till one 
face reflects light from a distant signal through a 
reading telescope; the axle bearing the crystal is now 
clamp^ to the divided circle as it stands at zero, 
and the now fixed pair of wheels rotated till the 
signal is seen in the second face, when the angle 
between the faces is read off on tlie divided ciicle, 
again as the angle between the normals. The reflect¬ 
ing goniometer was introduced by Wollaston, and 
often bears his name. 

Gooeh’B Link Motion (Eng.) Sec Link Motion. 

Good Colour (Print.) A term used to imply that 
the result of the impression is good, the ink having 
been evenly and satisfactorily applied to the sheet. 

Goods (Chem. Eng.) A general term applied to 
the raw oils, fats, and greases used in soapmaking; 
^metimes called “ stock,” though the latter may be 
bleached or partially saponified material. 

Gordon*! Formula (Eng.) An empirical formula 
due originally to Navier, by which the lotid which 
may be applied to a strut or column may be calcu¬ 
lated. Let W be the load, A the area of cross section, 
I the length, h the thickness of the column, f tlie 
Proof Stress (y.p.), » a numerical constant, such that 
the Moment of Inertia, I (j'.e.), of the cross section 
is equal to nkM, and e a second numerical constant, 
osully determined by experiment; then 

W-A ^ 



If the column be short, so that the ratio \ is small, 

h 

this becomes W = A/. If the column be long, 
the formula reduces to 

W onli^ . . 

-JjT 


Gorged (Her.) Having a collar round the nock. 
Many her^dio boasts are “gorged,” also the sup¬ 
porters of the shield. 

Gorget (Armmr). A piece of armour worn in the 
fifteenth and sixteenth centuries, and forming a 
junction between the helmet and the cuirass. See 
Abmoub. 

Gopgoneion (Art). A representation of the 
Gorgon’s head, one of the three mythical personages 
whose hair consisted of snakes and whose looktnrned 
the beholder into stone. 

Goslarite (Min.) A hydrous sulphate of zinc, 
ZnSO,. 711,^0. Oxide of zinc^= 2.s*2, sulphuric acid =» 
27'9, water = 43 9 per cent. Bhoxubio; also massive 
and inermsting. White. Soluble in water. It occurs 
as a rarity in Cornwall and Anglesea, hut chiefly in 
the Harz. Also from Sweden, Austria, and Hungary, 

Gothic ( Tt/png.) A bold faced antique type similar 
in apjiearance to black letter, used in jobbing work. 

Gothic Architecture. The name applied, originally 
as a term of reproach, to the architecture of We.stern 
Eurofie from about 1150 a.d. to 1500 A.D. The 
principles of concentration of strain and of l).alancing 
thrusts by counterlhrusts which underlie Gothic 
architecture led to the u.se of the pointed arch and 
the ribbed vault, two characteristic features ('f the 
style. See Gubvilineah, Hbcobated, Eaelt 
English, and 1’ebpkndiculah. 

Gothite (Min.) Hydratcrl ferric ox’de, FCjOj. 11^0. 
Fenic o.xide = S5, water about 11 per cent., with 
usually some silica and manganese. Illuunbic; often 
in fl.attened prisms; more erten fibrous. Colours, 
ye.llow-brown to a deep Llue-black. Streak (q.v.), a 
yellow brown. Often in minute CT 3 'stals associated 
with quartz. From Cornwall, Cumberland, Prussia, 
United States, etc. 

Go Through Machine (Lace Mannfae.) A twist 
lace machine in wLioli the principle actuating the 
carriages is such that they go through without any 
pau.se. Invented by Alcock of Worcester in 1835 
and called the Camel Motion. 

Gouache (Paint.) A method of watercolour 
painting with opaque colours mixed with water, 
gum, and honey, A groat deiil of the illustrations 
in medimval missals were executed in Gouache. In 
painting on paper the whole of the surface is covered, 
as in oil painting, the lights being laid in afterwards. 

Gouge (Carp., etc.) A cutting tool similar in 
principle to a cfliisel, but liaving a blade whose cross 
section is a circular arc. Pabino and Boribing 
Goughs have the bevel on the concave side ; Turning 
and Fibmhb Gouges have the bevel on the outer or 
convex side; the latter is the more common form. 

- (Bind.) A brass gilding tool with a curved 

end, often semioiroular. Gouges are made in sets, 
are of different diameters, and are extremely usefol 
in working out designs on book sides. 
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Goii|[e (Forge). A hollowed tool used in smiths’ 
work; usually held bj a handle and struck by a 
sledge hammer. 

Oon^e Bit (^Carp,) A boring tool or bit in the 
shaj^ of a gouge, without any central point or 
cutting lip. 

Oonge Slip (Carp., etc.) A thin piece of oilstone, 
etc., with a rounded edge; used in setting and 
sharpening gouges. 

Oouttei (Ser.) See GuTris. 

GoTerning Motion ( Cotton Manvfao.) An attach¬ 
ment to the mule for regulating the tension of the 
threads as they arc wouml on during the formation 
of the copbottoms. Sometimes termed theSTKAPPiNG 
Motion. 

GoyemOP (Qaefitting), An apparatus for regu¬ 
lating the pressure of gas. See Gas IIkgulatob. 

Goyemora (Eng.) A governor is an automatic 
mechanical device for controlling the speed of a 
steam engine, gas engine', or otlier imme mover; it 
serves, to some extent, the same purpose as the 
pendulum of a clock. In tlio original form, due to 
Watt, it consisted essentially of a spindle A (tig. 1), 
which is caused to rotatti by the engine at a speed 
which varies with the spt'pd of the crank shaft. Two 
heavy balls n, B arc hinged to A by two arms C, C, which 
arc connected by 1 inks n, X) to a collar or sleeve k which 
Ciin move upand down the spindle.A. This sleeve is 
connected by a system of levers p, g, to the 
Thbottlb Valvk (g.v.) of the engine, so tliat e 
opens the valve as 
it falls, and closes 
it again as it rises. 

An increase in the 
speed of the engine 
causes the balls to 
fly outward and 
raise the sleeve s, 
which acts on the 
throttle valve and 
partially outs ojff the 
supply of steam 
until the sjxeed falls 
to its normal value ; 
if the si^eed fall 
bttlow the normal 
value, the throttle 
viilve is opened 
more widely, and 
the engine gains 
speed. There are many modifications of this simple 
form of governor. A liOAUEU Govbbnob (lig. 2) 
has a heavy mass M attached 
to the sleeve E; it is suitable 
for higher speeds than the 
simple form. A Cbossed 
Abm Govebnor (fig. 3) has 
the arms hinged to a cross¬ 
piece at tlie top of the 
spindle A, so that the joints 
of the arms and the balls 
are on opposite sides of the 
spindle A. If the centres on 
which the two arms turn 
he properly chosen, the gover¬ 
nor is practially Isochbo- Fm 2 . 

NOUS; that is the governor 

remains very steady at one fixe<J speed, but a very 
slight alteration will cause the halls to fly to their 





highest or lowest point, according as the speed has 
increased or diminished. A strictly isocbKmoiu 
governor would be too sensi¬ 
tive for convenience, as it 
would cause Hunting or over- 
corroction of the speed: i.c. 
when the governor was acting 
so as to increase the s{>eed, 
it would increase it too much; 
this would lead to a sudden 
change in the opposite sense, 
and so on. In certain cases 
a governor is fixed on the main 
shaft, with loaded arms moving in a vertical plane. 
One such form is shown in fig. 4. The main s^ft A 
carries a circular case or 
frame B; two heavy masses 
c, o are fixed to the frame by 
pivots at D, D, and are kept in 
a position of equilibrium by 
springs E, E. An increase of 
sijecd causes the arms to fly 
outwards, and their motion is 
communicated by links F, P 
to a lever G. The motion of 
G is communicated to the 
throttle valvtJ (or otlier con- 

trolling device) by means of a system of levers or 
other median ism. A gas engine generally has a 
governor of the ordinary type ; but instead of acting 
on a tlirottlc valve, it usually causes the engine to 
miss one or more explosions when the speed rises 
above a certain limit. Various types of governor 
have also been invented which control the char¬ 
acter of the mixture, i.e. which alter the relative 
proportions u' air and inflammable gas in the 
charge; but the simpler arrangement is found to be 
more satisfactory. 



Grab (Enp.) A mechanical excavator or steam 
navvy, the essential part consisting of a steel bucket 
opening in two halves like jaws, the bucket being 
lowered and raised by levers or chains actuated by 
a form of crane. The jaws are opened automatically 
as the bucket is lowered; when the latter strikes the 
surface of earth, sand, mud, or other loose material, 
it sinks in for a certain distance. The jaws are then 
forced together mechanically, and the bucket with 
the enclosed material raised. 


Grace Cup. A loving cup. The custom of 
handing round a large cup filled with wine after 
grace has been said came into vogue early in the 
Middle Ages. 

Gradient (Civil Eng.) The slope of a road or 
railway. The UUUNG Gradient is the greatest 
slope allowed on any particular line; it varies with 
circumstances. In railways in mountainous districts 
it may reach 1 in 25, which is generally regarded 
as the limit for locomotives with smooth wheels, 
depending on the adhesion between the wheels and 
the rails. Higher gradients require the use of a 
toothed rack or some equivalent device. See Fbix 
Railway and Mountain Railways. 

- , Barometrio (Met.) The steepness ot 

the slope of isobaric surfaces. This steepness is 
mea.sured by the difference in barometric pressure 
along the same level. See ISOBAB. 

Gmdine (Architect.) A step or low steplike seat 
forming one of a series, e.g. the seat in an amphi¬ 
theatre ; also a shelf at the back of an altar. 

- (Sculp.) A toothed chiseL 
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drading (Cottm Man%fao.) A system of classify* 
ing cotton to determine its quality and value. A 


rough classification is as follows: 

AmtHean. Brasilim, Sgyptian. Indian. 
Good ordinary. Mid. Fair. Fair. Fair. 

Low Middling. Fair. Good Fair. Good Fair. 

Middling. Good Fair Good. Good. 

Good Middling. Fine. 

Mid. Fair, 


The first mentioned are the lowest qualities in each 
case. 

Oradometer {Surveying'), An instrument for 
measuring the angle of dip of a rock formation or 
mineral deposit. 

Ondoation Tovera {Chem. Eng.) Stacks of 
brushwood used for the natural evaporation of brine 
in the manufacture of salt. Used in Continental 
practice only. 

Graffito, pi. Graffiti (Archced.) A drawing or 
writing scratched on a wall or other surface ; notable 
examples are to be found in Egyptian tombs, 
Pompeii, Eome, etc. See alto Schiai’Fito. 

Graham’s Law {(Tlwra.) Gases diffnso at n rate 
which vai'ies inversely as the square roots of their 
densities. See Diffitsion. 

Graham’s Heourial Pendolom. See Pendulums. 

Grain. Sec Weights akd Mkasubes. 

Grain. Tlic fibrous structure of wood or of certain 
metals, or various other sub.stances. The expression 
“ with the grain ” means along the direction of the 
fibres ; “ across the grain ” or “ cross grain ” means a 
direction more or less at right angles to them. 

Graining {Chem. Eng.) See Cutting. 

- {Dee.) The art of imitating by means 

of oil or water paint the gr,ain of wood. See alto 
Mabbling. Foimorly graining was used to a con¬ 
siderable extent in finishing t he woodwork of dwel¬ 
ling honses and other buildings, but of late years it 
has almost ceased to be used excepting in country 
districts, coloured paint work having largely taken 
its place. Graining possesses the advantage of being 
the mo.st durable class of paint work, and when 
covered with a good varnish it is very suitable for 
kitchens, passages, and other places subjected to 
great wear. Altliough graining has been condemned 
by Buskin and other writers as a sham, its conveni¬ 
ence and durability render it likely to remain in use 
for many years. The tendency at the present time 
is toward an increase in the use of graining. If 
properly executed in appropriate positions, it does 
not offend artistic taste, fiometimes, however, the 
gralner places his work in sit uations altogether inap- 
propiiato; for example, on a solid cast iron or steed 
column supporting a beam. In such a case, if the 
column is grained to represent wood the effect is 
bad, because if the column were actually made of 
wood it wonld obviously break under the strain 
imposed upon it. Tnsteamboatsand other vessels grain¬ 
ing is also used without due thought, as, for instance, 
on metal linings. The safe rule to follow is that 
graining can h« employed in any situation where 
we sarface grained might actually be constructed of 
the woo^ that is imitated. In all cases the surface 
of the work it is intended to grain .should be pro- 
pared precisely in the. same way as for ordinary 
painting, four coats being generally given on new 
work. The final coat should bo the lightest colour 
of the wood to be imitated. The surface must be 


quite solid and level, free from any absorbent 
quality. The grounds should bo rich and waixa in 
tone, bat hot too bright or glaring. A little less 
oil than usual may ^ used in the last coat. The 
principal Gbaining Gbounds are prepared as fol¬ 
lows : Aah: This ground is best made of white 
lead tinted with a very little vermilion and sufiicient 
lemon chrome. Yellow ochre may be used lightened 
with lead. Antique Oak: White laid tinted with 
French ochre, burnt umber, and Ventisn red gives a 
good antique oak ground which must be kept quite 
dark. American Walnvt: White lead tinted with 
French ochre, burnt umber, and Venetian red gives 
this ground, which is practically the siune as 
the ground intended for antique oak, but many 
grainers prefer to add burnt sienna. Birch: White 
lead, to which has been added a little yellow ochre, 
produces a good birch ground. White lead, French 
ochre, and a little ycUuw chrome are sometimes pre¬ 
ferred. Bark Oak: White lead mixed ndth a little* 
golden ochre gives a good ground, and a little Vene¬ 
tian red and burnt umber may be added if desired. 
Light Oak: White lead *nd yellow ochre, to which 
has been added a little lemon chrome, if desired. 
Maple : White lead should be tinteii with vermilion 
and a little lemon chrome. 3fedjum Oak: French 
ochre and white lead with a little burnt umber give 
this ground. Mahogany: Venetian rod, orange, 
chrome yellow, and burnt umber give a dark 
mahogany ground which may be lightened if desired 
by the addition of white lead. Pitch Pine.: Vene¬ 
tian red and white lejid with a little French oclire. 
Satinwood: Lemon chrome and white lead with a 
very little English vermilion gfive this ground. 
Knotted Oak: White lead, French ochre, and burnt 
nmter. Roteiraod: Some as dark mahogany. Upon 
the surface, when thoroughly dry, the graining 
colour is painted. This colour varies in composition 
with the wood to bo imitated. It is u.sually some¬ 
what thin and transparent, and is applied with a 
brush in streaks. The graining colour is partly 
removed by means of steel combs with teeth of 
vajying width, and also by means of a cloth held 
over a thumbpicee of horn, shaped for the purpose. 
The following Gbaining Colouks are chiefly used . 
Ash : Bftme as light oak American Walnut: Burnt 
umber and a little Vandyke brown. Jiird.wye 
3faplc; Haw umber and raw sienna toned down 
with a little Vandyke brown or ivory black. Cherry ; 
Eaw sienna and burnt sienna and raw umber. 
Chestnut: Haw sienna, Vandyke brown, and raw 
umber, to which may be added a little burnt sienna. 
Mahogany: Bnmt umber, burnt sienna, and Van¬ 
dyke brown. Rosewood: Vandyke brown, with the 
addition of a little black. Light Oahr: Burnt umber 
and raw sienna, to which is added a very little black. 
The ground having been painted over with the grain¬ 
ing <M)lour, the graincr proceeds as follows: In the 
ca-se of oak lio draw.? the comb along those portions 
of the work, such as the stiles and rails in a door, 
which are likely to be a straight grain, thns imitat¬ 
ing it very quickly and in a simple manner. The 
panels, however, arc supposed to be cut out of a 
different part of the log of wood, and in this case 
it is necessary to put in the light marks known as 
“ champs.” When the whole of the work has been 
imitated by removing part of the colour, it is usually 
“ overgrained " with colour ground in water; a little 
blue black is frequently used. This is laid on with 
a hoghair brush, known as an “ overgrainer,” and 
softened with a badger balrbmsh, so as to prodnoa 
the difference of light and shade in the vaxions 
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parte. Stale beer, gam, gljoerine, or FoUer's earth 
are aidded to bind the overgrainiag colour. 
Mahogany is grained by wiping ofE larger portions 
of the gmning colour and softening one part into 
the other. The varioas processes of graining the 
different woods are too lengthy and of too technical 
a description to be described here. In some cases a 
roller it finally passed over the work. These rollers 
consist of a number of discs with notched edges, 
wliich revolve against a brash charged with a rUrk 
water colour, the result being a number of irregular 
dotted lines over the face of tho work. Various 
mechanical methods are also used for graining. 
The most commonly used is wliat is known as 
transfer graining paper. This consists of paper 
having on it the grain of the wood printed in dis¬ 
temper colour, which can be transferred on the 
paper being dampened. There is a stiffness in 
appearance in this class of work which stands in the 
way of its being used very extensively; but if care is 
taken to blend the pattern before it is dry, a verj’ 
creditable job may be made of it. Another mechani¬ 
cal method consists of gmiping with a material 
known as “ Grausurbian,” which is like thick blotting 
paper. This is pressed against the wet graining 
colonr, thus profiucing an appearance like tlie grain 
of wood. Rollers having the grain in relief are also 
used for olieap work, but the n'petitionof the pattern 
stands in the way of their being u-sed for anything 
except the very commonest work, Thu test of all 
graining is bow near it approaches to the actual 
wood in appearance. Btudents in graining usually 
copy from choice specimens of wood, so as to get the 
appearance produced by nature.—A. H. J. 

GFaiaing {Leather Mawufao^ A fictitious grain 
may bo im[)arttfd to a skin by passing it through the 
rollers on wliich the grain markings are engraved. 
A .sheepskin is frequently printed with a goat grain 
or even with alligator, crocodile, or pigskin grain. 
See algo Boauding. 

Graining Boards {Jtindi.ng'). Beech or pear tree 
boards cut in intatjlw with different designs, and 
used to imprt».s.s patterns on the sides of whole liound 
Calf books by pressure. 

Grain Leather. Leather dressed with the grain 
side outwards. 

Grain Side {Leather Manufar,) The side of the 
skin on which the h.air grew. 

Grains of Paradise. The pungent aromatic seeds 
of Amomum vwlrgwta (order, Zuigiheraceee), known 
also a.s Guinka G bains, have been used as an 
adulterant of beer and spirits. 

Grain Split {Leather Manvfac,) See Bag 
Hides. 

Grain Tin {Met.) Tin of the purest quality, pro¬ 
duced by boating refined tin to a temperature rather 
below the melting point. At this temperature it is 
very brittle, and is broken up cither by a hammer or 
by being dropped from a height. 

Gvam. See Wbights akd Measures. 

GramineSB {Botany'). Tho grasses form a large 
order of Monoeotyledons', they vary in habit and 
structure from the annual herbaceous grasses to the 
giant bamboos. Their economic importance is well 
known. 

Gramme Jirmature {Meet. Mig.) The early form 
of IUno Asmatubb. See Abmatubbs. 


Grwn MeieoaleCC^i^m.) The mdeculax weight of 
a substance taken in grams, e.g'. asolutlon ophta ini ng' 
a gram molecule of cane sugar is one ooataihit^ 90 
(the molecular weight of cane sugar) grams pi eaiik) 
sugar. 

Granite {Geol.) A name for a group of rookS' 
which have slowly consolidated from a fluid state- 
under enormous pressure, and which consist essenti¬ 
ally of a granular holocrystalline aggregate of alkali- 
felspars and quartz, with or without accessory 
minerals of other kinds. The constituents normally 
occur in such a manner as to show that each mineral 
in consolidating has grown so as to hinder Its 
neighbours from assuming the ciystalline boundaries 
proper to the species; in other words, the structure 
is granitic, and the constituents are idlotriomorphic 
with re.spect to each other. 

Granite Weaves {Woollen Man%fae.') Small 
weaves or schemes of interlacing warp and weft, 
giving indefinite patterns. 

Granitic Structure {Geol.") This is due to the 
conditions of jiressure and temperature which pre¬ 
vailed when the rock exhibiting it was undergoing 
consolidation. Each sepaiatc mineral constituent 
has grown in such a manner as to prevent the 
cry.stals adjoining it &om as.-.uming their own proper 
bounding planes. Minerals which behave thus are 
said to be allotriomori^hic with respect to each other. 
In granitic structures, therefore, the mass is holo¬ 
crystalline, and the mineral constituents are allo- 
triomor^ihic. The structure characterises granite, 
syenite, diorite, gabbro, and some few other rocks of 
eruptive and deep seated origin. 

Granolith, Stuajpt's. See Abtificiau Stonjs. 

Granephyre ( Geol.') A name formerly uso^ for cer¬ 
tain typos of granite in wdiich some of the quartz and 
felspar show the curious intorgrowthwhich character¬ 
ises Gbaphic Gb-VNITE. These granophyric granites 
'appear to have been formed at lesser depths than 
granite of the normal kind. In some cases they 
appear as if they had originated through the solution 
of an older basic rock by the action of a magma con¬ 
taining much potash and silica, and the subsequent 
recrystallisation of the compound deep within the 
core of a full grown volcano. 

Grant Bed {Silk Manvfac.) A particular form of 
reel which enables tho skein to be wound more fully 
and economically. To form the skein, the thr^d 
passes on to a reel, as in ordinary reeling; but owing 
to the traverse motion being regulated by a particular 
multiple of wheels the traverse is laid on in 
diamond form, thus creating spaces which are after¬ 
wards intersected with lacing thread to retain the 
cross or traverse. 

Granular Iron (Jtfei.) Iron whose fractured sur¬ 
face shows a regular granular structure. This 
denotes a good quality of metal. 

Grape Seed Oil. Made from the seeds of grapes 
removed from the fruit daring the preparatory process 
of brandy making. The seeds are ground, and when 
expressed yield a thick yellow oil, which may be used 
for cooking purposes, as a substitute for olive oil, aud 
in soap and varnish making. The suppljk, however, 
is very limited. 

Grape Sngaf {Cltem.') Another name for 
Dbxxbosm { q . v .) 

Graph. A curve showing the relation between 
two variables, e.g. a curve showing the height ct the 
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barometer thronghout the day. Graphs are ♦* plotted” 
ot drawn either &om two sets of observations or from 
an equation which expresses the relation between 
the two variable quantities. 

Graphic Calculation (Meek., Phys., etc.) The 
calualatiun of numerical results based upon the re¬ 
presentation of quantities by lines. The most 
important example is furnished' by Gbapuic Statics 

Graphic Formula (Chem,.') See Chemical 
Fokmitl^. 

Graphic Granite < Oeol.') A granite (q.v.) in which 
the quartz and the felspar have simultiiueously inter- 
grown with each other. The component minerals 
form, in consequence, a series of markings, bearing 
a fancied resemblance to written characters. 

Graphic Statics. The calculation of the forces 
.acting on structures (roofs, bridges, etc.) can be 
carried out very much more easily by graphic methods 
(i.e. by drawings made to scale) than by abstract 
calculations. The graphic method is based ohielly 
on the theorem known as the Tolygon op Foeces, 
which may be stated as follows : If any number of 
forces act at a point in a body wiiich remains at rest 
under their action (that is, if the forces are in equili¬ 
brium), then the forces can bc'represented in magni¬ 
tude and direction by the sides of a polygon taken 
in order. Thus if the lines 1, 2, 3, 4, 5 (fig. 1) 
represent forces acting at a given point, then these 
forces may be represented by the lino.s 1, 2, 3, 4, G in 
fig. 2, each line being parallel to the direction of the 
force which it represents, and of length proportional 
to that force. Fig. 1 is often termed the FoncE 
Diageam ; fig. 2 is the Polygon op Forces which 


be drawn to the angles of a polygon of forces, the 
figure so formed is termed a Polar Diagbax, and 
the point e is termed its Pole. If now a reciprocal 
figure to the ]|^lar diagram be drawn in oonjunotion 
with the original diagram showing the direction of 
the forces, or FoBOE DiAGbam (fig. 1), in such a 
way that a line parallel to aa is (^wn across the 
space A (in any convenient position), a second line, 
starting from the end of this, across the space B and 
parallel to ob, and so on, we get the figure called 
the Funioulab Polygon (fig. 3). For any system 
of forces in equilibrium, the funicular polygon Is a 
closed figure, whatever be the position of the Pole o. 
This statement is true whether the forces act at a 
point or not. If w'c are given a system of forces 
which are not in equilibrium, we can find the magni¬ 
tude, direction, and position of the force necessary 
to keep the sysWm in equilibrium. The Polygon of 
Forces will give us the magnitude and direotion 
of this force or Equilibrant; the Funicular Polygon 
will give a point on its line of action, from which 
we can find its point of aiiplication. The force 
i.s therefore completely determined. The following 
example indicates the method of finding this force 
or Equilibrant for a .sy.stcm of parallel forces, 
•'Uch as those of a loaded iwani. Eet the forces act 
along parallel linos represented in Bow’s Notation 
by AB, no, CD, DE (fig. G), ami in magnitude and 
direction by ab, hr, ed, de (fig. 0), each of the.se 
lines being proportional t<j the; magnitude of the force 
wliich it represents. Draw the Polar Diagram from 
any pole o (lig. tJ), and in the spaces b, c, d draw lines 
parallel to oh, or, od. Now let lines in the spaces 
A and D be drawn parallel to oa ari<l an<l pro<lnced 
till they meet. The point where they meet will be 



•corresponds to it. The most convenient way of 
naming these forces is by means of Bow’s Notation. 
Letters A, b, C, d, b are placed as shown, and the 
force 1, which acts along the line separating the 
■space A from the space B. is termed the force ab. 
In the polygon (fig. 2) the line parallel to AB is 
marked ab, the letters being placed at the ends of 
Ibe line. Fig, 2 is a figure whose sides are rcspec- 


the point where an upward force, equal in magnitude 
to or (the sum of the loads AB, BC, etc.), and in a 
direction i)araUel to ae (and therefore to AB, BO, 
etc.), must be applied, in order to Imlance the down¬ 
ward forces. In such a case as this, where the forces 
are parallel and in the same direction, the figure 
abode, or Polygon of Forces, becomes a straight 
line; it is then nsually termed the Line of Loads. 






tively parallel to the lines in the first figure, and is 
•said to be the Becifrocal Figubb to fig. 1. If any 
point 0 be taken, and lines oa, ob, oe, od, oe (fig. 4) 


The Funicular Polygon is also applied in finding the 
forces required to be applied to support a loaded 
beam, that is the Beactions at the Suppobts, 
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Let BO, OD, DB (fig. 7) be the loads, acting down¬ 
wards, and let ab and av be the position of the 
reactions. Draw the line of loads hode (fig. 8) and 
the polar diagram from the pole o. Construct the 
Funicular Polygon by lines in the spaces b, o, d, and 
H parallel respectively to ob, 00 , od, and oe. Draw 
the closing line of the Funicular Polygon, as shown 
by the heavy line, and from 0 draw a line oa parallel 
to this closing line, cutting the line of loads in the 
point a. Tlien ba represents the reaction at AB, and 
ea (or, as it may be maiked, the reaction at BF. 
The above is one of the most simple cases; but 
graphic methods are applicable to very complicated 
cases of framed, structures, such as iron bridges, 
built up girders, roofs, cranes, etc. Wind pressure in 
roofs, oblique reactions at the supports, the efTect of 
ceiling loads, and numerous other effects can readily 
be calculated by methods based entirely on the 
fundamental principles enunciated above. 

. Graphic Tellurium {Min.) A telluride of gold 
and silver, (Au. Ag)Tey The gold and silver equal 
about 40 per cent, together. It occurs grey or silver 
white crystals with a high metallic lustre, arranged 
in lines so as to give some resemblance to writing; 
hence the name. Also called Sstlvanite. From 
Transylvania and California. It is a very valuable 
ore of gold when 4n sufficient quantity. 

Graphite. Carbon ; licxagonal. Also calletl 
Plumbago and IJlacklcad. Occurs usually in foliated 
masses, sometimes in hexagonal plates, in meta- 
morphic rocks chiefly. It is one of the few minerals 
w'hich leave a shining black streak when rubbed on 
paper. From Cumberland, India, Ceylon, Ilohemia, 
etc. It is used to make ixineils, to form a conducting 
coaling of moulds in elcctrotypiug, etc.; as a lubri 
cant for wood surfaces and cycle chains), and as 
blacking (fj.T.) for moulds in the foundry. 

Graphitic Carbon (.W.) The carbon which is 
mecluinioiiUy diffused in pig iron, as opj)osed to 
combined carlxtn. It gives the. eharacteristic 
crystalline fracture to grey jiig iron. jNfci? Kish. 

Grass (Minimj'). The surface of the ground above 
the mine., Bhouhht to Cuass means raised to the 
surface. 

Grassing {Limn Manufac.) After rotting 
the flax straw is spread over grass fields to get the 
sun and air and complete the retting process, and 
during the process of bleaching also the yarn or 
cloth is spread on gniss fields. Tltis assists to whiten 
it, and avoids the necessity of usuig .strong chemicals. 
This spreading is called “ grassing.” 

Grass Wrack {Jlotany). A submerged marine 
fiowering plant, Zostcra wanna (order, Kaiadaevo"') 
common on the shores of Britain. The dried plant 
is much used for packing glass and for stuffing 
cushions and mattresses. 

Grate {L^ng,, t-te.') The portion of a furnace or 
firebox which sup]x)rts the Inel during combustion. 

Grate Area (Eng.) The surface required to burn 
enough ooal to produce the power at which the boiler 
is to be worked : it is usual to quote the amount of 
surface needeff to consume 1 lb. of coal, the number 
of pounds of ooal being determined by the horse 
power required. 

Orating (Phy*.) A surface ruled with very fine 
lines (5,000 to 40,000 per inch), used to produc-e 
Diffkaction Spkotha (q.v.) The ruling may bo 
on a glass plate (TbaksuissioK Gbatiko) or on a 
reflecting surface (Rbflbction Gbatinq). See 
Diffbaotiok Gkatiko. 


Grating (Build.) The perforated cover of a gully, 
etc. 

flrare (Mtude.) Slow: heavily. 

Grave Accent (Typog.) A sign placed over a 
letter thus, b. 

Gravel (Beol.) A term usually restricted to anj:*^ 
loose accumulation of subangular stones which have 
been worn and sorted by the action of running water, 
especially by that of a river. Similar accumulations 
which have been more completely rounded are often 
distinguished as Shinolb. In the south of England 
the term is usually understood to mean “ flint gravel," 
in which the stones are more angular than is usual. 

Graver. A tool used in hand turning, consisting 
of a steel blade of square section, with the end ground 
off diagonally so as to produce a rhombus, the outer 
edges of which constitute the cutting edges of the 
tool: the pointed end is also utilised. 

- (Engrav.) See Bubin. 

Graving Dock ( Civil Eng.) A small dock (usually 
large enough to contain one vessel) which can be 
emptied of water to enable repairs to the ship’s 
bottom to be carried out. The dock is of such depth 
that on admitting water at high tide a vessel can be 
floated in or out with ease. 

Gravitational Astronomy. The dynamical theory 
of the heavenly bodies, dealing with ibcir attraction 
on one another, thfsir masses, etc. 

Gravitation, Gravity (Phys.) The force with 
which one inos.^ attracts another; in particular the 
force of attraction exerted by the Earth on a body,, 
or the force exerted by one planet or other celestial 
body on another. The actuad attraction between two- 
bodies on the Earth's surface is very minute and can 
only be d«tected by si»ecial apparatus of great 
dclitiacy. Tlic mathematical expression for the force 
/between two irarticles of mass vi, and separated 

by a distance is /. .. The constant h is 

d- 

termed the Constant of Gbavitation : its value is 
about 6a!576 x 10—** iu centimetre gram second units., 
Thus two small j)articles, each having a mass of 
1 gram, placed 1 centimetre apart, would attract 
each other with a force of 6-6576 x 10*^ dyne.s. From 
the same constant it is possible to calculate the total 
mass of the Earth, and thence its density, which is 
found to bo 5-627 times that, of water. 

Gravity, Centre of. See Centkb of Gbavitv. 

Gravity Escapement (Clocks). A clock escape¬ 
ment in which tlie vibrations of the pendulum are 
sustained by the fall of the gravity arm through a 
constant height. Sec Escapf.ment. 

Grazioso (ALmc). See Con Gbazia 

Grease. The rendered or molted fat of animals; 
oily matter, especially as used in various manufac¬ 
tures and as a lubrioaiit. See Candlbs and Soap. 

Grease Box (Eng.) A hollow box immediately 
above the axle beiiring of a hxjomotive or truck, 
coutaiuiug grease for lubricating the bearing. 

Grease Traps (Hygiene). It is necessary in the 
case of hotels, clubs, etc., that spocial means be 
adopted for reiseiving the disclifj-ges from the 
scullery sink waste pipes. The onimary gully traps 
are not suitable for this pnri)OSe, as the fatly matter 
solidifies on entering, and causes obstruction in the 
drains. The evil can be corrected either by fixing a 
trap which collects the grease and from which it can. 
be removed by hand, or by adopting an appliance 
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^here the Bolidified grease can be broken np before 
■entering the drain. The latter method is preferable. 
In an .efficient grease trap there should be (1) a good 
bodv of water : this rapidly cools the grease, causing 
soMidcation; and (2) a discharge from an automatic 
-flush tank should be connected with the trap, by 
means of w’hich the congealed mass is broken np and 
can then pass into the drains. 

Great Circle (Astron.) The line on the surface of 
a sphere formed by the intersection of a plane 
passing through the centre of the sphere. 

Great Millet {Botany). See DHtniBA, 

Great Ortfan {Almie). That part of the organ 
having the heaviest stops. In two-manual instru¬ 
ments the great keyboard is the lower, and in three, 
■four, or five manuids it is the lowest but one. 

Great Primer {Typog.) Tj-pe one size smaller 
■than Paragon. See Type. 

Greet Wheel {Watches, Clocks'). The first or 
anain wlieel of a watch or clock. Usually the largest 
wheel in the train Jind the neare.st to tljc weiglii- or 
.spring. It is the first of the series of agents trans¬ 
mitting energy from the weiglit or spring to the 
■escapement. See. Tbain. 

Greaves {Armour), Armour forming a covering 
for the legs below the knee. Greaves were worn by 
ancient nations as well as in the Middle Ages. Cf. 
Jahbaut under Abmoub. 

Greaves or Graves. Animal tissuelcft after melting 
■off fat at a liigh temperature. The greaves are 
usually pressed for a further supply of fat, and finally 
formed into cakes as food for dogs, swine, etc. 

Greek Architecture. The trabeated style of archi¬ 
tecture which obtained in Greece, Sicily, and Asia 
Minor. The principal buildings of note were erected 
daring a period commencing about 6i3U B.a. and 
ending about 100 b.c,; the great masterpieces of Greek 
art were constructed between t he ye.ars 4G0 B.c. and 
400 B.c, The latter j»eriod is known as the Periclean 
Age, as it was during the administration of Pericles 
that Ictimas and C-allicrates designed the Parthenon, 
the sculpture of which was executed by Phidias. 
See Aechitectube, Obdebs of, and Roman 
-Abchitectueb. 

Green. See Coloubs (Piqmf-nts, Decobations, 
etc.) and Bbitnswick Gbeen, Cjibome Gkebn, 
Em'ebald Gbeen, Minbbal Gbeen, etc. 

Green Bricks. Si-e Bbicks. 

Green Carbonate of Copper {Min.) A synonym 
for Maiacuitk {q.v.) 

Green Pog {Photo.) This is a dichroic fog, being 
green by rellectcd light an«i red or pink by trans¬ 
mitted light. It is very frequently seen on negatives 
taken on orthochromatic plates, more especially when 
ammonia has been used in the developer. 

Greenheart. See Woods. 

Green Liquor {Chem.) The liquor left from the 
bleaching of palm oil by the bichromate proce.ss. 
It is sometimes treated to recover the ebromium it 
contains. 

Greenocklte {Min.) Cadmium sulphide, CdS. 
■Cadmium =i77'7, sulphur ■■22'3 per cent. In he:pgoual 
yellow crystals, with the two terminations different 
(hemimorphic). Also rarely as an incrustation on 
sine blendes; e,g. from Wanlookhead in Dumfrie.<t- 
shire. Chiefly from the Bishopstown tunnel in Dum- 
haitonshlre; also from Bohemia, Greece, and 
Pennsylvania. 


Green Oil {Ckem., Eng.) (1) The second fraction 
whioh comes over in the distillation df Yorkshire 
grease. Occasionally used for coarse lubricating 
greases, but usually reworked with another batch of 
grease. (2) A product In Gas Manttfactobh (g.e.) 

Greensand {Geol.) In the geological sense 
Obeensanu is usually understood to mean the rocks 
which lie between the Chalk and the Gault (the 
Uffbk Gbbensand) and those which lie between 
the Ganit and the Wealden Beds (the LOWEB 
Geeensand). In both cases the name was given 
because the presence of grains of Glauconite Imparts 
a green isli colour to the sands of (hese formations. 
Both are important sources of water supply in the 
south cast of England. 

Green Sand {Moulding). Moist foundry sand, as 
distinguished from sand whioh has been mixed with 
clay, etc., to form loam («r.r.), or from sand which 
has been dried. 

Green Vitriol {Chem.) A common name for ordi¬ 
nary cr\st:iliisecl ferrous sulphate, Pe80,7Hg0. See 
Iron Comfounds. 

- {Min.) A synonym for MelaNTBBITH or 

OOPFERAS iq.r.) 

Green Wood. Timber still containing some of its 
original sap, wliich iiin.st be removed by seasoning 
befi>rc the timber is fit for use. 

Gregorian Calendar {Astron.) The calendar as 
adopted by cinphnieg the cometions ordered by 
Pope Gregory in 1!>S2. 

Gregorian Modes {Music), See Modes. 

Gregorian Telescope {Astron.) A form of reflect¬ 
ing tele.scope in wliich tin; ob.server views the object 
by looking thnnigh an aperture in the primary 
mirror at the image formed by a small concave 
reflector in the primary axis. 

Grenadine {Textile Manufacture). An open tex¬ 
ture in stii[)es or checks, .several threads being 
coiniMictcd togctlicr in the waiqj, in the weft, or in 
both, and open spaces intervening. « 

Grey {Paint.) A colour intermediate between 
bliic.k and while. A mixt ere of black and white. 

- {Textile Manufac.) A term used to describe 

yam or “sliibbing” as it comes from the loom before 
underg<)ing any process of bleaching or dyeing. 

Grey Copper {Min.) A synonym for Tbtba- 

HEDRITE (q.v.) 

Grey Lime 'Build.) A lime prepared from grey 
chalk. 

Grey Pig {Met.) Kg iron which gives a flaky 
crystalline fracture which is dark grey, due to 
graphitic carbon {q.v.) For foundry use it is a hard 
iron giving a fluid metal in the ladle. White pig is 
a definite carbide of iron, the carlxin being combined. 
Is more slngfrifib than grey, and nsnally contains more 
sulphur. Mottled pig is intermediate between grey 
and white pig. iSuc IBON. 

Grey Sour {Cotton). Dilate hydrochloric (muri¬ 
atic) acid, used to decompose the lime soaps formed 
in the lime-boiling kier in cotton bleaching. 

GreyvaokA {Geol.) An Anglicised form of the 
German name Grauwack6, which is now applied 
by British geologists to an impure form of qnartzlttf 
which constitutes a large part of the Silurian, Ordo* 
vicion, Cambrian and pre-Cambrian rocks of marine 
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sedimentBiy oiigln. The Ooniston Grits of die 
Boglish Lake Distriot consist aknost entirely of 
typical gteyWBCk^. 

oild (Ethg.') A general term for stmottures com* 
|)oaed of parallel bars, e,g. a grating over the open¬ 
ing of a pipe, etc. 

Griddle (Xining). A sieve or grating. 

Gridiron Pendnlmn. See PBNDi]ri.t7Ks. 

Gridiron Yalve. A slide valve containing parallel 
reotangnlar openings or ports; the solid portions 
between the ports cover corresponding openings or 
ports in the valve seat, so tliat a small movement of 
the valve will anc.over a large port area by bringing 
the two sets of openings opposite each other. 

Griffe {Architect). A projecting spur at the base 
of a column; found chiefly in mediaeval architecture. 

- {Textile Mannfac.) Tlie frame containing 

the lifting bars in the harness or Jacquard loom. 

GrifBit or Gryfliiy anwi-eivtly Gryphon {ITer.) A 
fabulous beast with eagle's head and claws joined 
to a lion’s body. When bc^me as a charge it is 
genornJly “passant,” but when erect and wings 
expanded it is called “ segreant.” Grifiins axe fre¬ 
quently borne as supporters. 

Griffith’s White {Deo., etc.) A white pigment 
siipilar in composition to Orr’s Zinc White {g.v.) 

Grille (7/wtW., etc.) (l) A gratii^. (2) A screen 
made in the form of a grating. 

Grinder {Paper Manufae.) A machine used for 
making mechanical wood pidp {q.v.) 

Grinding. (1) The process of crushing a material 
into ]:»owder or small particles. (2) The removal 
of material from an object by the Jiction of some 
abrading substance; c.g, an emery wheel, grind¬ 
stone, etc. 

^ — {Textile Manufae.) An oi)eration performed 

''periodio^y by means of emerj* rollers on the wire 
edged surfaces of the cylinder* doffers, flats, etc., of 
a carding engine, so as to ensure accurate carding. 
Tlte particular method of grinding is determined in 
a largo measure by the staple to be carded. There 
are several forms of grinding, such as Plough 
Gbinding, Top Geinding, Sidk Gbinuisg, etc. 

Grlndintf In {Eng., etc.) Fitting a plug or valve 
to its seat Bj placing a little fine emery on the valve 
and rotating it in its seat until a good fit is secured. 
The valves of gas engines, petrol motors, etc., require 
to be ground in at intervals when they become loose 
through corrosion caused by the hot gases in the 
<5ylinder. 

Grindin]^ Rett {Eng., Carp., etc.) A device used 
to support a tool which is being ground, so that the 
edge is sharpened to the correct angle. 

Grindi^ Stone {Eng.,etc.) (1) A flat stone used 
for grinding pigments. (2) A circular stone mounted 
on a frame, and used for grinding tools; usually 
termed a Gbindstone. 

Grindstone. A circular rotating disc of some 
natural sandstone {e.g. the carboniferous sandstone 
from Newcastle), more rarely made of some artificial 
composition; generally used for sharpening cutting 
tools and implements. 

GhdeaUle {Paint.) A method of painting in mono- 
lK*ho, ««y tints only being employed. Generally 
used ror representing boM bodies in relief, e,g. 
irieses, bas-reliefs. 


Griti ( 6feol,) A tern applied somewhat loosely to 
any rough textured sandstones. It is very genet^y. 
used for the pebbly sandstones of the CaxbonifetOBS 
Bocks, and especially for those whose texture fis 
them for use as millstoaes. 

Grizzle {Build.) A stock brick, underbuxnt, bnt 
of good shape. 

Groin {Arohiteet). See Gboibed Vault. 

Groined Yanlt {Architect.) A groiued vault is 
formed by the intersection of two teirel vaults, the 
angles formed at the intersection being known as 
Gboins. The groins divide the vault over a rect¬ 
angular space into four parts, hence the terms 
qu^ripartite and fonr-part vault, A groined vault 
must be constructed as one structure, wooden 
centring being used to support the whole. This 
form or vault was used by the Bomans and also in 
the Romanesque style. See Babhel Vault, VAULT, 
and Rib and 1’anel Vault. 


Groller {Binding). A style of book ornamentation 
introduced into France in the time of Henri Deux 
by his Chancellor, G roller, who is supposed to have 
learned it in Italy. It consists of interlaced strap 
work of different colours, applied to book sides. It 
bears great similarity to some kinds of early Celtic 
decoration. * 

Grooving. (1) A general term for cutting a 
groove. (2) The production of tlie groove in the 
edge of a board which is to be joined to another 
board provided with a Tongue or strip fitting the 
groove; it is done either by hand with the Plough 
{q.v.) or by a revolving saw or cutter of suitable 
thickness. 


Grooving {Eng.) The tendency of corrosion in 
steam boilers to develop cracks into grooves. It 
occurs chiefly along the edges of laps, angle bars, and 
doubling plates, owing to the shell being too stiff 
to allow the boiler to “breathe,” i.e. expand and 
contract evenly. Cylindrical shells, if too firmly 
seated, suffer from grooving, owing to the plates 
buckling near lap and butt straps, especially at ring 
seams. But in vertical fireboxes want of’stiffness 
causes grooving through the mud ring not being 
deep enough. Grooves often owe their origin to the 
use of caulking tools which are square or sharp, 
instead of l>cing perfectly round nosed. 


Grooving Bavr etc.) A revolving saw used 

for cntiing a groove in timber for a tongue and 
grooved joint. It may either be a drunken saw 
or a saw of thickness equal to the required groove 
running truly on its spindle. 


Grmi {Silh Mannfac.) A coarse form of tabby, 
the bolder effect of cord being obtained by two or 
more picks passing into the same shed. 


GroBZularite {Min.) A calcium aluminium garnet 
{$ee Gabnbt), greenish or yellow, translucent. Com- 
position approximately, Si = 40, AljO,=I5, Fe,0,^10, 
CaO = 33 per cent, with a trace of magnesium^ From 
Siberia and Norway, 


Grotezqoes {Art). Pictures or systems of orna¬ 
ment representing fantastic subjects. Arabesques 
consisting of extravagant figures fancifully com¬ 
bined with foliage, etc. 

Ground {Mining). The rocks round a lode, often 
termed Countbt Rock or merely Countby, 


- {The Arte). (1) A foundation, used either 

for support or display. (2) A surface, natural or 
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. pared, which serves as a basis, eapedally in decdta- 
tive art. (3) The principal colonr employed on a 

J iicture. aisc Msiz2otini and BxcHiNa (under 

SlfGllAVIKG). 

Qronod jUr. It is found that all soils contain air, 
'■ the quantity varying with the porosity and nature of 
' <- the strata. Thus, loose san(& contain as much as 
’ '60 per cent., while the densest rooks are free from it. 
It is especially rich in carbon dioxide, derived from 
the oxidation of the organic matter, the amount of 
*i which increases with the depth. The oxygen 
decreases in quantity with the depth. Nitrogen is 
present in nearly the same projwrtion as in the 
atmosphere. Occasionally the ground air contains 
ammonia, various hydrocarbons, and nitric acid. 
Ground air is in continual movement, the causes 
being : (a) the diurnal changes of temperature, (A) 
rainfall, (o) variations in barometric pressure, (d) 
fluctuation of ground water. To ascertain the amount 
of ground air present in a soil, a burette is taken 
and filled with the soil. Water is allowed to jkiss 
through the burette until it reaches the surface, thus 
expelling all the air, then 

the amount of water ^ 2 qq 
the amount of drj' soil' 
gives the percentage of air. 

Oround Bass (Hfiteic). A musical phrase con¬ 
stantly repeated in the bass with varied harmonic 
devices at e.ach repetition above. 

Groand Qliws. Glass whose surface has been 
ground or roughened by rubbing with fine sand or 
emery, etc. It serves as a semi-transparent screen 
in photography and in various optical devices, 

Gronndlayer (Pof.) Groundlaying is the process 
of laying an even coat of colour over the surface, of 
pottery or porcelain. The glazed ware is first coated 
with an oil which is dabbed c.arcfully to render tho 
surface perfectly even. The colour, in the form of a 
fine powder, is then dusti d over the oil, to which it 
- adheres; it is then burnt in the requisite kiln. 

Ground Mass (Geol.') The non-cry.stalline 
lithoi<lal or vitreous material of any eruptive rock 
in which tl»e crystalline portions are embedded. 

Gronnd Nut (Botany). A small West African 
plant, Araclm hypogra (order, Leymunoittp), of the 
pea family, whose seeds yield a valuable oil used as 
a substitute for olive oil, and (on the Continent) in 
soap making. The nut is known in England as 
Monkey Nft, and in America as Pea Nut. In the 
lawcr country it is used extensively as food, being 
usually sold frcjsbly roasted. The name Ground Nut 
is applied to it from the fact that tho nuts or seeds 
grow underground. 

Ground Water. If a hole is dug in any soil a 
, 'point is reached at which the interstices are found 
’ full of water. Tliis point tlcnotes the level of the 
ground water. This varies considerably in clifferent 
localities. In some instance-s it is only a few feet 
from the gronnd level, while in other rases it is many 
hundreds of feet. As with ground air, gronnd water 
is in continual movement. It also fluctuates in 
level, being lai^ely influenced by rains. 

Grouting (Build.) Filling up joints, holes with 
irqnwork sunk into them, etc., with thin fluid 
mortar, which can be poured into the cavities. 

Grove CeU (Meet.) See Cells, Puimaby. 


GroyuM (Civil Eng.) Barriere of masonry (or 
more often of wood) running out at right angles to 
the coast line to protect the beaoh from erosion by 
the waves. 


Grummet or Gromet. Twisted rope or yam, used 
for packing joints in iron work whioh have to be 
made watertight. 

OH 

Guadaeol (Chem.) <QQg • Colourlessnrisms; 

melts at 28° C.; smells like creosote. Its alcoholic 
solution gives a green colour with ferric chloride. 
It occurs among the products of dry distilla¬ 
tion of Guaiacum llESiN, ami in beech creosote. 
It can be prepared from pyrocatechin (q.v^ by heat¬ 
ing with caustic potash and poiassium methyl 
sul})haie. Is used as a medicine in phthisis, as it is 
believed to aid in the destruction of the bacilli in the 
lung.s. 


Guaiacum (Botany), This resin, used in phar¬ 
macy, is obtained from the stem of Ouaiaeim 
ofKcinale ( order, Zygophyllaecte) by incision or exu¬ 
dation. The heartwood is also used in medicine. 

Guanidine (Chem.) IlN: C A colourless 

crystalline solid, very soluble in water and alcohol; 
a powerful monacid base. It may bo prej)are«l 
by heating together cyanamide and ammonium 
chloride with alcohol at 100°, usually by heating 
ammonium sulphooyanate for twenty hours at 11^0' 
to l8r)° C., when a re&idue of guanidine thiocyanate 
remains, from which the base can bo obtained by 
conversion into .sulpbafcbysuljiburic acid and preciyti- 
tation with baryta water. Guanidine hcateil with 
dilute sulphuric acid yields urea and ammonia; 
baryta water decomjio.scs it in a similar way. Ou 
treatment of its .salts \\ith sulr>burie and nitric iicids, 

Nitko-Guanidine.IIN white cry.«talline 

solid, is formed, which on reduction with zinc du.st 
and acetic acid gives AMiiio-* iUANiuiXE (see IlYliBA- 
zi.NE), which yields Dtazo-Guanid'N'H, nitrate with 
nitric acid and sodium nitrite. Tlie diazo-com- 
pound Yields azoimide (y.n.) on boiling with alkalis. 


HN = C 41- ^ 
= CN.Nn., + II > 


= N - NO, 
Nil + HNO,. 


An important decomposition product of albumins is 
Abuinine, which is guanidine aminovaJerianic acid, 

IlN - c <Nnt'Hx-n/'H,. ciiNH,. coon. 

Cre-atine and creatinine (g.v.) are also guanidine 
derivatives. 

N-CO 


Guanine (Chem.) 


H,NC 


N- 


C.NH 


\ 


C.N/^' 


;CH 


(2-amido-6-oxypnrine). A white amorphous 
powder which can be crystallised from an ammoniacal 
solution; insoluble in water and in alcohol. Occurs 
widely distributed in animal tissues; fish scales con- 
taiu the crystallised calcium compound of guanine, 
and are used under the name of Peabl Essence in 
making artificial pearls; guano contadns considerable 
quantities of it, and serves as tho chief source; it is 
also a decomposition product of nuclein (q.v.) tt 
has been obtained synthetically by heating 6-oxy- 
2 :8-dicblorpariae with alcoboUc ammonia and re- 
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dactiOQ o{ the chlorgnanino thus produced by hydri- 
odio acid. jSw Treated with oitfbus acid 

it yields Xanthisb ({f.e.); on oxidation with hydro- 
ohlorio acid and potassium chlorate it yields guani¬ 
dine and parabanio acid (j'.®.); unites with both 
acids and bases to form salts. 

Gaano. The dung of sea birds, found in large 
deposits upon the coast of Kouth America. The 
Chincha islands are the principal sources of the 
Peruvian guano. It forms a valuable manure. 

Guard Plate A dish shaped piece of metal 

fixed over the rubber disc of an indiarubber valve, 
convex side downward, so as to regulate the height 
to which the valve disc can rise. 

- {Met.') The perforated plate at the top of 

the tiiyere box tlirougli wliich the blast passes into 
the bottom of a IScssemer converter. 

Guard Rail (i^.) A short rail laid parallel to 
on ordinary (railway) rail to guide the wheels of the 
vehicles where points and crossings occur; the guard 
rail comes into contact with tljc llanges of the 
wheels if the latter tend to leave the rails. 

Guard Ring (JiJcpt.') A wide ring of metal sur¬ 
rounding a flat plate, so as to form a surface practi¬ 
cally continuous with the plate; used in the Attracted 
Disc Electrometer to ensure a uniform distribution 
of electricity over the surface of the disc. 

Guards {BindJ) Narrow strips of paper inserted 
between the leaves at their backs, e.t/. in albums, 
scrapbooks, etc., so that wlieu the hook is tilled with 
pl'.ologiap'.is, or the jueces pasted on the leaves, tlic 
f'ire-e(lge .sh:ill not be thicker tliiin the back 
(Juards, con^i'ting of narrow strips of linen, are also 
eiiijiloyed ff>r firmly .securing plates in books, the 
plate being attuclied to tho guard by means of some 
adhesive substance. 

Gudgeon (£’/>< 7 .) Tbe shaft at right angles to a 
pi-snin rod, to the ends of which the Ki.TPPiiE liLOOKS 
(y.c.) are attached. 

Gudgeon Pin A connecting pin such as 

that which connects tlie connecting roil to the piston 
in gas or petrol engines, li si'rve.s as the axis about 
wliich the rod swings a.s it follow.s the motion of the 
crank. 

Guide CKnff.y Any device by which an object is 
caused to follow a definite jwth ; it is a term of very 
wide application. 

Guide Bars (A'si/,) The straight bars which cause 
tho Slidu IJlocks or Slippjiiu Blocks (y.r.) of an 
engine to move in a straight line, and so prevent the 
connecting rod from straiping tlie piston rod, in con¬ 
sequence of its f.bliciuity, as it follows the motion of 
the crank. tSee Steam Engine. 

Guide Pulley {Eng.) A loose pulley {i.e. one 
which revolves freely on its own axle or shaft), used 
to guide or steady a driving belt, etc. 

Guide Scpev (.Eng.) The Leading Screw iq.v.y 
ota screw cutting lathe. 

Guignet’e Green (7>6r.) One of the most per¬ 
manent greens known. It is made by heating boracic 
acid and bichromate of potash, and is usually known 
as Chrome Green. A mixture of rrussian blue and 
chrome yellow is often sold for this pigment. 

GnUloehe (^Architect,') An ornament used on the 
torus in classical architectme, and consisting of two 
or more interlacing bands.' 


Guillotine (Birul. and Paper Tradei). A machine 
for catting book edges, paper, etc., by action 4 k 
descending knife on the compressed mateiiaL is 
named after the celebrated,instrument of Prench. 
capital punishment, and has'almost supersedejd 
plough and cutting press in bookbinding. 

Guinea Cbrn {Botany). See Dhubra. 

Guitar. Musical Instbgments—String (Bt ' 

ITand). 

Gules {Jhr.) The colour or tincture red| 
abbreviated to “gu ”; expressed in engravingSk 
by perpendicular lines. See IIebaldrv. 

Gulf Stream (Meteorol.) The warm current 
flowing across the North Atlantic from R.W. to N.B, 
It pro<lnces considerable effect on the climate of 
nortb-w'e.st Europe, which Would otherwise be much 
colder during the winter months. 

Gullet. See Saw Gullet. 

Gnlleting {Carp., etc.) Filing out and deepening 
the hollow betw'een the teeth of a circular saw. See 
aUo Saw Gullet. 

Gully (Build.) A trap or cesspool into whioh 
waste and rain water pipes dischaige. 

Gum. See Woods. 

- {Chem.) Gums are amorphous, transparent 

carbohydrates, which form a mucilage with water; 
insoluble in alcxjhol; heated with dilute acids they 
yield sugars, and oxidised by nitric acid they yield 
oxalic or mucic acids. 

Gum Anime. A valuable copal gum principally 
received from Zanzibar. Its sp. gr. is 1 •0()8, and the 
melting point 450°F. It sells on tho Jiundon market 
from two hundred to three hundred and fifty pounds 
per ton. 

Gum Arabic or Gum Acacia. Tho gum is an 

exudation from the stem and branches of Aeaoia 
Senegal (order, Legnminoste) during tho dry season. 
It forms rounderl masses or “ tears" of a yellowish 
colour, often transparent. Its principal constituent 
is Arabic Acid or Ababin (CsH,o 05 )„ + H,,0, a white 
amorijhous solid. Boiled with dilute "sulphuric acid, 
gum arable yields much galactose {q.v.) It is used 
in medicine. 

Gum Benzoin. See Balsams. 

Gum, Black. S e Woods. 

- , Blue. Nw Woods. 

-, British. See Dextrine. 

Gum Copal. A generic term applied to a lar^ 
class of gum resins, including hard copals from India 
and tho east coasts of Africa. Copals are much used 
in varnish making, and pos.scss ihe property of not 
dissolving unless previously fused. 

Gum Dammar or Damar {Bee.) A soft gim used 
in varnish making. There are several varieties, one 
being white, the others nearly black. The gum is 
too soft to make oil varnishes, but is frequently 
mixed with turpentine in about equal proportions for 
special varnishes. 

Gum Elemi. A balsam used in '/amish making. 
It possi'.*.ses a peculiar property of softness, and may 
be cut by a knife. It melts at 80°F., is partially fluid 
at 10(1°, and wholly so at 200“. 

Gum, Kauri. A semi-fossil gum, much used'^n 
recent years in varnish making, particularly for oak 
varnish. It exudes from a pine tree foni^ in New 

' 18 • 
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2ealaQ^ {DaTtmumt AvgfyraMt). It unites witb lin* 
seed qU quicker and at a lower temperatnie than any 
other resin. The melting point is 380° F, to 460° F., 
and the sp. gf. 1*070 to 1*080. 

Gam Maitie. This gum ooees in the shape of 
tears from cuts made in tipes. It is used for making 
the colourless varnishes employed by artists to pre¬ 
serve <dl paintings, and possesses the advantage that 
it may, be removed with'facility when discoloured by 
age or dirt, as the resin is readily soluble in alcohol 
dr turpentine. 

Gamming of Oils (i?re., etc.') A condition of 
“ drying ” oils (such as linseed oil) which have been 
exposed to the air and have become thick or gummy 
by absorption of oxygen. In this condition they 
are ifot fit for painter’s use in the ordinary way; 
but gammed oils are sometimes addod to refuse 
paint which is thinned and regronnd. 

Gam Pot. A vessel in which gum is melted in the 
manufacture of varnish (^.v.) 

Gam, Bed. See Woods. 

- , Sandaroc. A resin which exudes &om the 

Callitris quadrivaJvlii. It is hard but brittle, smells 
slightly of turpentine, and melts at 135° F. Used 
for special varnishes in combination with other 

gums. 

—, Sweet. See Woods. 

-, Tasmania. &•<? Woods. 

Gum Thus. The best quality of crude turpentine 
(fl-.r.) 

Gam Tragacaoth. Derived from various species 
of Astragalus, and is used largely in calico printing. 
It also forms an ingredient of various agglutinants, 
fluch as a paste for sticking labels on a smooth 
surface. 

GnncottOB or Pyroxylin (rftcw.'J C,sHi,(N 03 XO, ; 
also called Celldlosb Hkxaxitbatb or Nitko- 
GELLDLOSE. A solid not unlike cotton in appear¬ 
ance ; insoluble in water, alcohol, ether; soluble in 
ethyl acetate. It is prepared by the action of a 
mixture of nitric acid and sulphuric acid on pure 
cotton ; the time of immersion is short, and the 
product must be exceedingly well washed with 
water. The product is a true nitrate and not a nitro 
compound, because alcoholic potassium liydrnsnlphidc 
gives cotton and potassium nitrate when digested 
with guncotton. It bums readily and so quickly 
that it may be ignited safely on the palm of the 
hand. When struck by a hammer on an anvil, the 
part stmek alone detonates. Compressed guncotton 
js ijetonated by mercury fulminate (^.w.), and this is 
the way it is detonated in practice. In air it 
ia burnt completely to caibon dioxide, water, and 
nitrogen ; when fired in closed vessels, as it does not 
contain sufficient oxygen for its own combustion, 
carbon monoxide and hydrogen are also produced. 
The gases produced on firing measure (at 0^ and 
760 mm.) about 700 times the volume of the guncotton, 
and the temperature generated is exceedingly high— 
probably over 3000° C. 

Gnn Hetal (%V-) An alloy of copper and tin 
(often 9 cop 2 >er to 1 tin). Used for bearings, small 
castings requiring a good finish, parts of electrical 
.machinery which must be non-magnetic, etc. 

Gnnpowdep. Au intimate mixture of potassium 
nitrate, sulphur, and charcoal. The ixitrate and 
sulphur are especially porlfiet}, and the charcoal is 
made from a soft wood, dogwood (Comer). The 
igroportionB vary slightly but may be taken as very 


nearly 76 parts of nitrate, 15 of charcoal, and 10 of 
sulphur. The materials are mixed in a moist state, 
pressed into a oake, and granulated in a special 
machine, and then polished—the small grain powder, 
by simple friction of the grains against each other, 
the large grain by addition of graphite (black lead). 
Gunpowder explodes about <W0° C.; the rate of 
explosion depends on the pressure under which it is 
fired; under very low pressures it will not explode at 
all. The principal gaseous products of its explosion 
are carbon dioxide, nitrogen, carbon monoxide, 
hydrogen, sulphuretted hydrogen, and marsh gas. 
The hydrogen is furnished by the moisture in the 
powder and gases occluded in the charcoal used in 
its manufacture. The principal solids arc potasmum 
carbonate, sulphate, sulphides, and siilphocyanate. 
The volume of gas produced is about 300 times that 
of the powder, the gases being measured at 0° and 
760 mm.; the temperature is estimated at about 
2000° C., and the pressure produced varies with the 
ratio of the volume of powder to the capacity of the 
containing space. When this ratio is 1, the pressure 
is about 43 tons to the square inch. 

Gargoyle (Architeet,) See GAaGoyi-B. 

Gurjun Balsam. A resinous c.xudatiou from the 
ba.se of tlie stem of Dipterorarpus la-vis (order, 
l)ipterooarpacete'). It is used as a vai*nish under the 
mime of Wood Oil. The tree is a native of the 
East Indies. 

Gasset (Am.) Poitions of chain mail used in 
plate armour at the joints, e.g, armpits and ankles, 
to allow of greater freedom than a plain hinge could 
afford. 

- (Mtg^ A bracket or stay ustni to strengthen 

the joint between two surfiiccs which meet at an 
anglf, the gusset being in a plane at right angles 
to both. 

- (ITer.) An abatement of honour; portions 

cut out from the side of a shield. An ancient charge 
fallen into disuse. 

Gusset Plate (£»g.) A much used form of end 
stay for boiler plates and heads, being corner plate 
st.ays as opposed to stirrup and rod stays. They 
should always be joined by double angles with 
rivets in double shear, not less than 4 in. apart. 
In reason, the greater the distance apart the better, 
in order to afford “plhy or breathing” and avoid 
grooving (q.v ) 

Gut Bands iJStig., etc.) Driving belts of catgut 
arc n.sed with small and hast running machines, for 
belt driven motor cycles, etc, 

Guttn {Architect.) 8mall droplike ornaments 
formed un tbe soffit of the mutules and under the 
triglyphs in the Doric entablature. The gutUe in 
the Greek Doric entablature are much shorter than 
those used by the Bomans. See. CAPITAL op GtJTT-aB 
and. ABCHlTEOTUBXil, ORDEBS OP. 

Gatta Percha. The saplike gum collected from 
various trees {Sapotaceo') growing in the Indian 
Archipelago, but chiefly from Dichopsis gutta. .It 
differs from rubber (caoutchouc) in being plastic, but 
not elastic; nor can it be vulcanised. It b collected 
from trees felled immediately after the rainy season. 
Owing to the fact that it is not affected by cangtio 
alkalis or by dilute acids, gutta pereba is used in the 
manufacture of syphons, funnels, and other cbemii^ 
apparatus, while its acoustic propertlea render it 
suitable for stethosocmic and other aural instruments. 
It is also used to form driving bonds for small 
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tnachine^, azid extettslvdy aa an insolator ifi 
gxa^y. It is also the meditun now used for znaking 
tiie blocks In dectrotjplng. 

Gntt& or Goqttes (ffer.") From the Latin gutta, 
« drop. A field may be covered with gonttes. They 
are of several tinctorcs, vis. Qatt^e d’or, de larmes 
or d’ean, du sajig, de vert or d’olive, and de poix. 

Ontter (JBvild.) A channel to cany off the rain 
from a roof. 

- (PHat. and Bind.} Another term for the 

** back " or inner margin of the printed page of a 
volume, 

Qattw Bearers The pieces that support 

the glitter boards. 

Guttifene (Batamj), A tropical Dicotyledon 
■order whose timbers, resins, and fruits are of 
value. 

Gay Rope. A rope that keeps a derrick vertical. 

Glue {Her.} A roundlet of “ murry ” or “ san¬ 
guine,” blood colour; a charge now seldom used. 

Gjrranoepenna (Botany). A great division o{ the 
seed plants, differing from the flowering plants in 
the characters of the carpels and ovules. Tlic Coni¬ 
fers are the best known members of the division. 


Hack Saw {Bny.} A narrow saw of hard steel 
stretched on a frame; used for catting metala. 

Haddock. A food fish of the cod tribe, ifadm 
wgUjinm (family, Oadidee}, attaining a large Bias, 
in northern seas, and eaten in a fresh or smoked 
condition. 

Hade {Qeol.} Originally a miners’ term for the 
inclination measured from the vertical of the plane 
of a Fault (g.v.} This varies very much in different 
cases, and may be different in various parts of the 
same fault if the rocks through which the fault 
passes happen to show a wide range in petrographioal 
cliaracters. 

H8Bmatein((%em.), CigH^O,. Lustrous dark green 
soliil, or, when powdered, a lustrous reddish brown 
powder; sparingly soluble in water and alcohol. It 
dissolves in ammonia with a purple oolont. To 
obtain it, hiematoxylin (g.v.} is cautiously oxidised 
by nitric acid. It is to the formation of this sub¬ 
stance from the hmmatoxylin of logu'ood that the 
dyi ing iiowers of the latter are due. With chromium 
and iron mordants it dyes black on silk; wool, and 
cotton. 

Hffimojtin ( (Jtwrn. ) See n.£MOGLOJ^jx. 


OynsBoenm (Botany}. The term applied to the 
•carpels of a flower. 

Gypsum (Min.} Hydrous sulpiiate of calcium, 
CaSU,.211,0. Tiimo = 32-fi, sulphuric acid = 4()*5, 
water=20 tier cent. CrystaMisos in the nionosyin- 
motiic sy.stem (Bjslemitb). More often massive and 
granular in beds, or fibrous in veins. Can be scratch-id 
by the nail. Colourless to brown. It is used to 
some extent to hanlen the water in brewing, but 
chiefly to make plaster of Paris; for this purpo.se it 
is heated, to drive oft water, and then ground. 
On the addition of water, hydration takes place 
and it sets. From many parts of Enghand, and 
largely from Montmartre near Paris, 

Gyration, Centre of. Sec Pekoulum. 

Oyronny (tier.} A field divided into several 
parts of gyjons. A gyron is one of the ordinary 
divisions of a shield. 


H (Meet.} (1) A general symbol for the M.4G- 
NETlsiyo FoiiOE (<j.v.) at a point; especially (2) tlie 
Horizontal T.vtenhjtt of the Earth’s Magnetic 
Field. See Horizontal Force, 

- (Mutic}. The German name tor B I|. Their B 

is onr Bjj, 

Hacking (Plaxt,} Roughening the surface of a 
brick wall with a hammer to form a Key (q.r.} for 
the plaster. 

H aaW ng Hammer (Plant.) A plasterer's hammer, 
used for cutting away old plaster, etc. 

Haoklin^ (Linen Manttfac.} The rough flax as it 
comes from tiie scutch mills requires to be combed 
to free it of all short and twisted fibres, and to split 
up all parcels of fibres that may^be sticking together. 
The first hackling is called Roughing, then finer 
■combs are used, or Machine Hackles may take 
the place of finer hand hackles. After hackling, 
the flax is a nice straight silky fibre. See Linen 
Manufacture. 

Hadk Off (Plast.} To cut away old plaster with a 
hammer. 


Hsematite (Min.} Ferric oxide, FCjOj. Iron** 
70, oxygon = 30 fier cent. Also called SPECULAR 
Iron. EhomboUedral. Crystals steel blue to black, 
blood red if very thin; ma-ssivc varieties are blood 
red; both have a characteristic blood red streak. It 
is an important ore of iron, occurring in irregular 
replacement deposits in limestone or in calcito veins 
umlcrlying ri>cks containing hasmatite in a dis- 
seminateii state. The variety Kidney Ore is so 
cnllvd from the reniform shape of the masses. 
Reddle is an earthy variety. Specular Iron is 
so cnlled from tlie mirroriike surfaces of the 
crystals. Besides being used as an ore, this mineral 
is u.sod in polishing and burnishing, both in the mass 
and wiion powdered. It occurs in lar^e quantity in 
West Cumberland and North Lancasmre, but much 
of the so-called luomatite of this district is really a 
ferric hydrate related to Turgile (j^.v.} Also in the 
snnth-wcst of England, in Elba, and in Missouri, 
U.S.A. 


Hamatoporphyrin (Chem.} See 11.euoglobik. 

Hmmatoxylin (('lutm.}, C„1I„0,. A colourless 
crystalline solid which becomes red on exposure to 
light; spaiingly soluble in cold water, readily in^ot 
water, in alcohol, and ether; it has a sweet taste; it 
is dextrorotatory. The acid solution is yeRow; the 
alkaline solution is purple; the neutral solution is 
colourless. It is extracted from logwood by aqueous 
ether. On gentle oxidation it yields H.*!MATKfN 
(q.v.}, and on this property the dyeing properties 
of logwood are based. In fusion with potash it 
yields Resorcin (q.v.} and pyrogallic acid; it forms 
a penta-acetyl derivation. On oxidation of its 
tetramethyl derivative il. yields, among other pro¬ 
ducts, metahemipinic acid— 


C-OCH, 


HC 




iCOCH. 


HOOC(i 

HOOCC 
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On these and other grounds Perkin proposes the 
fonnula 



HiBxnatozyloil (Dotan.;/). II. rampeehiamm, a 
leguminous tree of tropical America, yields the 
logwotid of commerce. 

Hsmin (CJieni.) (Ser IIj?3MOGLOBin. 
Htemoohromogen (Chfui.') Hjumoglobin'. 

Hsunocyanin {Chem.y A substance found in the 
blood of certain molluscs and Crustacea. Like 
hemoglobin it absorbs oxygen, but is turned to a 
beautiful blue colour by it: this is due to the fact 
that it contains copper in.stead of iron, which is 
contained in hasmoglobin. It is a proteiil. 

Hasmoglobin. The red colouring matter of the 
blood of vertebrates; it in the principal constituent 
of the red corpu.seles. It may he obtained by adding 
salt to blood and separating the corpasclcs by a 
centrifugal machine, then treating the corpuscles 
with a little ether. On allowing the other to evaporate 
the hajmoglobin crystallises out. Hsemoglobin pre¬ 
parations from the blood of diiftsrcnt animals show 
differences in solubility, in crystalline form, and iu 
ease of crystallisation: that from most animals 
crystallises in prisms, but that of the guinea pig iu 
ootaliedra. The hsemoglobin of rat or dog blcwd 
crystallises more readily than that from human 
blood. Chemically, hajmoglobin aiipears to be the same 
aultffltance, whatever Its sonree. Hsemoglobin con¬ 
tains carbon, hydrogen, nitrogen, oxygen, iron, and 
aulphur. It combines (molecule for molecule) with 
oxygen, carbon monoxide, and nitric oxide. In tJic 
blood it exists as hsemoglobin (sometimes called 
reduced hsemoglobin), and combines with oxygen to 
form oxybmmoglobin. From its content in iron and its 
union with carbon monoxide a minimum molecular 
weight of 16,669 has been calculaU'd for hsemo¬ 
globin, and from this value for its molecular weight 
and the percentage of its constituent elements the 
formula C.i 8 H,.j 08 N,a 5 O.,,sre 8 , has b^n calcnlsited 
for it. As these results were obtained with pure 
recrystalUsed material, they are probably near the 
truth. It gives the same precipitation and colour 
reactions as the albumins (q.v.) IlsemogloV'in is the 
oxygon carrier of the blood; in the lungs it is changed 
to'oxyhaemoglobin, and the bright red colour of 
arterial blood is due to this compound. The oxyhse- 
moglobin gives up its oxygen to the tissues, and is 
reduced to h®mogiobin. the dark red colour of venous 
blood being due chiefly to hremogloiiin, but not 
entirely, as venous blo^ contains some oxyhEemo- 
glubin. This absorption and giving up of oxygen 
can be imitated artificially. A bright red solution 
of oxyhsemoglobin gives up its oxygen under the 
receiver of an air pump, and changes to a dark red 
solution of hsemoglobin, or the same change can be 
brought about by passing a stream of an indifferent 
gas, such as nitrogen or hydrogen, through the 
oxyhajmoglobin solution; tlien, on exposing the 
hsemoglobin to air, or passing oxygen through it, 
the dxyhtemoglobin is reproduce. The compound of 
fanmoglobin with carbon monoxide {(carboxyhaemo- 


globin) is produced when carbon monoxide is 
passed through a hsemoglobin solution. It has a 
cherry red colour, and is far more stable than 
oxyhsemoglobin, and is formed in the blood when air 
containing carbon monoxide is inhaled. Should half 
the hsemoglobin of tho blood be transformed to 
carboxybsemoglobin, death results; but when less than 
this amount is transformed, oxygen can still decom- 
pose the carboxy compound, and recovery follows. 
Hsemoglobin can combine with oxygen in a much 
more stable way than when it forms oxyhsemoglobin. 
This stable oxygon compound is called mcibsemo- 
globin, and it is formed when oxyhsemoglobin is 
allowed to stand; also by a large number-of sub¬ 
stances, some of which are oxidising agents 
potassium chlorate and nitrate) and reducing 
agents (e.;/, liydrogcn and pyrngallic acid). Potas- 
siuin forricyanide —-an oxidi.Mug agent—is generally 
used to produce methiemoglobin. It does not give 
up oxygen under reduced pressure, like oxyhasmo- 
globin. Ammonium snlphiile and Stokes’s reagent 
(a solution of ferrous sulphate and tartaric acid to 
wliich ammonia has been added) transform methsemo- 
globin first to oxyhsemoglobin, then to hsemoglobin. 
Hsemoglobin and’all its deri\alivcs mentioned above 
show characteristic absorption spectra. Thocarlmxy- 
haemoglobin spectrum is used as a test for csirbtm 
monoxide in air, and though it rather resemble.s this 
oxyhmmoglobin sixu-triirn, it is sharply distinguislied 
from the latter by remaining unchanged on adtlition of 
ammonium sulphide to tlicsolution iiiulcrexamination, 
while the oxylipemoglobin spectrum changes to that of 
haemoglobin. Hajmoglobin on treatment with dilute 
acid it. resolved into an albumin globin and a sub¬ 
stance liajruatin, which contains all the iron of the 
hasmoglobin. lliematiu is obtained in tho form of its 
crystallised hydrochloride, ''.ailed hieniin (Tei<'hmann’H 
blood crj’stais), by treating eoagultiicd blood cor¬ 
puscles with amyl alcohol and h 3 ’drochloric acid. 
The formation of thc.se cry.stals consiitutos the mo.st 
reliable tost for a stain supposed to be due to blotid. 
On treatment with caustic soda and j .reeipitation urilh 
hydrochloric acid, haemin yields hicmatin as a blue 
black amorplious solid, which is easily soluble in 
alkalis and in acidified alcohol. Its solutions show 
difl'crent absorption .spe.'tra according*a.H they are 
alkaline or acid, the .i^jid sixsctrum resembling that 
of mcthsEmoglobin. like li«moglobiii, haBinatin can 
combine with oxygen; in fact, tlie oxygen compound 
is generally called haematin, while the oxygen free 
compound is called reduced hajmatin or haemochro- 
mogen. When hjematin hydrochloride (haomin) is- 
treated with an acetic acid solution of hydroge.n 
bromide, and tlus solution gentlyiwsirmed, a compound 
called hseniabiporphyrin is formeil. This substance 
has the. formula C^ji^O^N,: the bsematin has given 
up iron. From both haamatoporphyrin and hajinatin 
there is obtained by oxidation the anhydride of 
the tribasic haemfitinio acid, which is identical 
with methyl-S-carboxyethyl maleic acid anhydride: 

CIL.C - CO 

II > 0 


COOH. CIIjCH., C - CO 

From hajmatin by reduction with hydriodic acid 
and phosphonium iodide there arises first mesopor- 
phyrin, C«H*,0,N„ and then haamopyrrol, which is 
/3j3'-methyTpropylpyrrol, and yields on oxidation 
mcthylpropyl maleic acid imide: 

CH,.C=CH CH,.C-CO 

I > NH —> II > NH 

CH,.CH,.CH,.C=CH CH,.CH*.CH,.C-CO 

See PHlfLLOPOBPHVBlN. 
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Ha^oioope (^ArehMect,') An oblique opening fre- 
quenuy found on one or both sides of the chancel 
arch in a church to enable persons in the aisles 
and transepts to see the performance of certain 
ceremonies at the altar. lliese openings are also 
known as Squints. 

Ha-ha iAre^Urvt., etc.) A boundary fence sunk 
in a hollow. 

Hail {Meteorol.') Ice crystals forming masses very 
much denser than snow. They are caused by rain 
drops becoming frozen in their passage through the 
air. Sections of them show that they pass through 
several distinct cold air strata. 

Hailstones (^Meteorol.') Are generally of a conical 
or round form, and when cut across are composed of 
layers of clear and opaque ice with a snowy nucleus. 
They vary in size from a small shot to several inches 
in diameter. See Hail. 

Hair Compass (/%.) A small pair of spring 
compasses with a fine adjustment actuated by a 
set screw. 

Hairline {TextVLe Mawnfne^ A fin^^ Htbipe made 
in woollen and worsted Y aens. A standard fabric in 
the west of England. 

Hairline Letter (.Ti/pog.') A very thin-faced 
type, olten u.sed lor lettering mounts. 

Hair Pencil {Paint.^ A painter’s brush; the bains 
are generally mounted in a quill for watercolours, 
and in a metal tube for oils. 

Hair Side {Leather). The side of a skin on which 
the liair grow, i.e. the outer side. 

Hair Space {TypngJ) Tlie thinnest space used by 
printers, often used tor spacing headlines of books. 

Hair Spring ( Wafeheit'). See Balance Speino. 

Hake {ZMlogy). A food fish of the coii tribe, Mer- 
lurehte vulyarix (family, Gadidte), found largely on 
the coast of Cornwall. The flesh is eaten fresh or 
salted. 

Halation {Photo.) A binning of the image; an 
encroachment of the high lights on the darker por¬ 
tions next to them; caused by relleotion from the 
back of the plate. In order to prevent this, some 
material is applied “ in optical contact with the 
glass” which will absorb those rays tlmt act chemi- 
willy upon the sensitive surface. Tlie subsbince 
which answers best is probably asphaltnm. 

Halberd or Halbert {Amis). A weapon used 
during the fifteenth and sixteenth centuries. Tt 
consistwl of an axe with a spike or spearhead at one 
end, the other end Ixiing attached to a handle or 
staff about 6 ft. long and in line with the spike. 
Subsequently it was used by bodyguards for display. 

Halecrety Allecret {Coxt.) Light plate armour 
forming two corslets, lighter than a cuirass, and 
worn alike by horsemen and footmen in the sixteenth 
century. 

Half Bound {JHndiny). Books with leather backs 
and comers and cloth or marbled paper sides, as 
distinguished from books wholly covered in leather. 

Half Gate {Typog.') A small case used for jobbing 
work. 

Half Centre The position of an engine 

crank when at r^ht angles to the line of the 

piston rod. 


Half Cloie {Muaio). Another term for 'imperfect 
cadence. See Oadbncb. 

Half Lap Coupling (Eng^ Two shafts connected 
by a half lap joint {q.v.'y 

Half Lap Joint (A%., Caerp., etc.) A joint in two 
pieces of material which are in the same straight 
line with each other, the joint being formed by 
cutting away a portion of the material in each of the 
parts to be joined; the portion removed is equal to 
half the thickness of each of the members. Also 
termed Halving. 

Half Length ( Art). A portrait representing only 
the upper half of a person. 

Half Period Zones {Light). In order to deal 
with the problem of illumination at a given point 
due to a light wave from a luminous source, it is 
convenient to divide up tlie advancing wave front 
into small portions known as half perioti elements or 
zones. Let 6 be the perpendicular distance from the 
given point to the wave front. Then if X be the wave 
length of the light in question, a curve may be drawn 
on the wave front tlirougli all t he points whose dis- 
Lanco from the given point is J -i- X. The area 
included in this curve is the first half period ele¬ 
ment. IjQt the process be lepeatetl for points whose 

distances from the given point are h -h h + 

2 tt 

etc., in this way marking out a scries of annuli 
which constitute the second, third, fourth, etc., 
elements. In the ca.se of a spherical wave, these 
elements are all of equal area, and their usefulness 
depends upon the fact that the wave disturbance at 
the given point due to any clement is, on the whole, 
in opposit’on to the effect of the next consecutive 
element, and thus the effect of the whole wave can 
be expressed in terms of these half period components. 

Half Plain Work {Ptdld.) The labour expended 
on tlie bed and side joints in stone walling. 

Half Plate {Photo.) A plate measuring in. 
by in. 

Half Poptees {Silh .Vanu/ar.) See Poetkis. 

Half Rip Saw {Carp, and. Join.) A saw used by 
joiners for cutting wood in tlie direction of its fibres. 
11 has about three to four and a half teeth to the inch. 
Sr SAwa. 

Half Round File {P^ny.) A file flat on one side 
and C'liivex on the other. 

Half Secret DoTetall {Join.) A dovetail of the 
form used in a drawer front; it is concealed in a 
fi'ont view, but visible in the .side of the drawer 
when drawn out. 

Half Shrouding {Eng.) A flange on a spur wheel 
which extends up to the pitch line, or half the depth 
of the teeth. See aho Sheoudino. 

Half Space (Carp, and Join.) A landing equal 
in size to the width of the staircase. 

Half Stuff {Paper Manufae.) A name given to 
partially beaten pulp obtained during the manu¬ 
facture of paper. 

Half Timbered Work (Build.) Buildings in 
which the walls arc formed oi frames of timber, 
the panels being filled in with brickwork. See also 
Feame Houses. 

Half Tint. See Half Tone. 
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Titl« iTypog.'i l^e snb.title: it precedes 
the full title in a book. 

Half Tone {Ari). A tone intermediate between 
the most marked tonis in a picture, etc., Ae. 
between the extreme lights and the extreme 
ebadows; the lighter shadows of a picture, photo¬ 
graph, etc. 

Half Tone Block- See vuder Pbocsss Wobk. 

s Half Wave Plate A plate of doubly 

refraotine crystal, capable of splitting up a plane 
polarisea ray into two portions, one of which is 
retarded half a wave length with respect to the 
other. 

Hall Effect (Phya.) Suppose a steady current is 
flowing through a very thin metal plate, and let two 
points, transversal to tlic line of flovr, bo connected 
to a galvanometer. Tiiese points of contact can be 
adjusted until there is no deflection, showing that 
they are on the same eqnipotcntial line. Ilall dis¬ 
covered that under these circamstances a deflection 
of the galvanometer is produced if the plate be 
placed in a strong magnetic field at right angles to 
the lines of force, which shows that an alteration 
takes place on the stream lines of current in the 
plate. The direction of the transverse E.lil.F., which 
produces this effect, raries witli the metal used; in 
iron, antimonj-, and zinc its direction coincides with 
the direction of the mechanical force exerted by the 
field upon tl»e plate carrying the current, and the 
opposite is the case in bismuth, gold, and nickel. 
The magnitude of the E.M.F. is pruptirtional to the 
. strength of current in the plate, to the strength of 
the magnetic field, and inversely proportional to 
the thickness of the plate, and in any case is smad 
and difficult to observe. The effect is almost cer¬ 
tainly duo to the deflection of the moving carriers of 
the current or “electrons” (^.r.), and is intrinsically 
the same as the more easily observed deflection of the 
“ cathode rays ” by a magnetic field. 

■Haloflens (Ghem.') The four elements. Fluorine, 
Chlokine, Bromine, and Iodine arc cjilled the 
Halo(tENS. They all form salts with sodium and 
potassium, and these salts bear a resemblance (o 
sodium chloride, hence tlic name, which means 
literally sea-salt producers. 

Haloid Salts iCheni.) The fluorides, chlorides, 
bromides, and iodides of the metals. In organic 
chemistry the compound.^ formed by the union of the 
halogens with alcohol radicals are often called 
Haloid Esters. 

it, Halos (Metrornl.} Large circles formed round the 
moon or sun when viewed through light clouds. 
They are due to refraction, and may be either white 
or prismatic (rainbow coloured). Sometimes bright 
circles are formed on them, termed Mock Suns or 
Parhelia, and Mock Moons or Paraselene. 

Halvinfl ((1®;^,, etc.) See Half Lap Joint. 

HamamelidacesB (Botany). A subtropical natural 
order allied to tlie ihiaaeeee. Its species yield .woods 
(Liquidambar), resins (Storaai), and medicinal pro¬ 
ducts (ffanuimeli, witch hazel). See also SATIN 
Walnut, %mder Woods. 

Ram Hill Stone. See Building Stone. 

Hammer. See Hammers. 

Hammer Beam (Carp. <mi Join.) See Boops. 


Hammer Dreeaed (Build.) Stones roughly shaped 
with a hammer at the quarry. 


Hammer Headed 

Key ( (hrp. and Join.) 

A key with a projec¬ 
tion for wedging. Its 
geueral form is as 
shown in the figure. 

Hammerraan(Al»y., 
etc.) (1) The work¬ 
man who manipulates 
tlie steam hammer in a forge. (2) An assistant to 
a smith, who uses a double banded or sledge hammer. 
(3) One of a set of men in a coal mine who fall 
the coal by means of wedges driven into holes. Also 
known as a Driver. 
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Hammers. A hammer consists of a suitably 
shaped Head of iron, steel, or iron faced with steel, 
provided with a handle or shaft of ash, lanccwood, 
or some similar wood possessing strong springy 
fibres. Hammers vary in size, from those used by 
watchmakers up to the heavy sledge hammer weigh¬ 
ing 14 lbs. or more. The most usual form hjis a flat 
surface or Face at one cud of the head, used for 
striking a blow; the other end of the head is formed 
into a Pane (also termed Peek, Pene, or I’is), and 
is modified into many different forms for special 
purposes. A and b (fig. 1) are ordinary Joinebs' 
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Hammers?; o is a Tlaw Hammer, in which the 
pane is formed into a claw po.s.'-essing a V-shaped 
slot used for drawing out nails. D and o are 
hammers with a Ball Pane, used by engineers and 
smiths. E is a form used by upholsterers; various 
modifications ot this term arc also used in allied 
trades, p is a Dol:ble Headed Hammer, used for 




many different purposes, e.ff. by joiners for driving 
home the tenons in a piece of framing, and termed 
by them a Fr.vming Hammer, b is a Sledge 
Hammer, which may be made double headed, or 
may have a pane with its edge parallel to the handle 
(Straight Pane) or at right angles to the handle 
(Cross Pane)- A sledge hammer is provided with a 
long handle, and is usually wielded by a hammerman 
or striker, who uses both hands to swing it, the tool 
or work which is to be struck being held and manipu¬ 
lated by the smith or other workman. In addition 
to the hammers here described, a varied of forms 
are used by tin and copper‘smiths, artistio wockers in 
metal, and in many other arts and trades. 





UAM 


2T9 


mAM 


floala CEoff.') The oxides of iron fctoed 
on the surface of iron in the forge, rolling mills, etc. 
The scale contains two oxides, VeO and Fe^O,, in 
▼aiying proportions. 

ffeiiiLp (Archavl') A roedimral wine cup or goblet, 
often made of precions metal highly decorated. 

Hand (ffer.) A charge often borne in heraldry. 
The Badge of'Ulster is a bloody hand. See Ulsteb. 

Hand Oomera {Photo.) A camera that is held in 
the hand while photographing the subject. Fitted 
with a quick acting lens and shutter, and provided 
with either a set of dark slides, roll film holder, or a 
receptacle capable of containing plates or films, and 
a device for changing these after each successive 
exposure without the u.se of a dark-room. 

Wand Feed {Eng.) The regulation of the rate of 
cutting in machine tools by the hand of the operator, 
as opposed to automatic or PowEB Feed. 

Hoad Float (Plaat.) A rectangular wooden blade 
with a “hand” fixed to it. Used for “floating,” 
<.tf. levelling and smoothing the surface in plastering. 

Hand Holes {Eng.) Small hole.s in boilers, etc., 
through which the hand can be inserted for cleaning 
out the interior. 

Hand Ladle {FovndTy), A ladle for carrying 
molten iron; small enough to be curried by one man, 
and holding about fifty pounds weight of iron. 

Hand Letters (Bind.) Alphabets of letters cut 
on brass stems set in wooden handles for “ lettering” 
or placing the titles r,n the backs of books. They are 
used singly, but brass type can Vie set in a line. 

Hand Machines {Entj., ete.) Small machines 
driven by hand as di.stinguished from those driven by 
power. 

Hand Hade Paper. Paper made entirely by 
hand. It is of bettor quality and more exjiensive 
than machine made jiapcr. See J’ArEB MANUFAC¬ 
TURE. 

Handrail (Joinery). The rail running along a 
stiiiicase, landing, etc, Hamlraibs are spoken of as 
Bight or L’eft, accoixling to which hand rests natur¬ 
ally on the rail when ascending the staircase. 

Handrailing (Joinery). (1) A IIandraiIj (y.r.) 
(2) The process of designing and constructing band- 
lails. 

Handrail Punch. A punch for tightening up a 
hantlrail screw .(^/.r.) 

Handrail Screw (Joinery). A small screw or bolt 
used in making a joint Iwtwcen two lengths of hand- 
lail. The nut is cylindrical, and posses.ses grooves or 
notches in its periphery, into whicti a handrail 
punch is inserted tlirongh an opening in the under¬ 
surface of the rail, in order to turn the nut and screw 
it up so as to make a tight joint. 

Hand fLeBt(Eng.) Tlie T-.shaped rc.st for supporting 
hand-turning tools in working at a lathe when a 
slide rest is not used. 

Hand Roller (Tyjwg.) The roller sometimes used 
to ink type by hand when pulling a proof. 

Hand Baw. A carftenter’s tool for cutting timber 
across its fibres (grain). It has about five teeth to 
the inch. See Sawn. 

Hand Borev (Joinery, etc.) A wooden cramp 
worked by two handles with threads on them. Used 
for holding glued work in position while the glue 
is setting. 


Hand Tooli (Eng.) Those wbioh can bo h^ iif 
the hand or wbioh are actuated by hai^ 

Hi^er or Haag Down (Eng.) A frame for sus* 
^nding a bearing from a (pof or beam, 

- (Ibundry). The sling which supports htevy 

weights in the foundry ; ‘the upper ends of the rods 
of the sling are attached to the travelling crane. 

Hang in g Committee (AH). A committee charged 
with the duty of hanging the pictures selected for 
an exhibition. At the Bbyal Academy the banging^ 
committee consists of eight AcademiciaDs, including 
one sculptor and one architect. 

Hsmging Bteps (Build.) Stone steps having one 
end built into a wall. 

Hunting Style (Carp, and Join.) The style of a 
door which has the hinges fixed on to it. 

Hank (Linen Manufote.) A hank is a bunch of 
reeled yarn, usually containing 12 outs of 300 yards 
each in Ireland; in England 10 outs of 800 yards are 
made up as hanks. See Out. 

- (Textile Mannfac.) The number of yards 

which determines the counts or thickness of a 
thread. Cotton and Spun Silk Hanks contain 
840 yard.s; a Worsted Hank, 660 yards, 

Hannay’s White Lead (Bee.) A brilliant white 
pigment almost non-puisonons. It is produced in 
the form of a very fine powder direct from galena or 
leml ore. Marie by volatilising the galena and passing 
it through oxidising chambers, whence lead sulphate 
is formed in fumes. The pigment is claimed to 
possess superior qualities to ordinary white lead (y.v.) 
made by the Dutch Process. 

Harbour (Civil Eng.) An anchorage for ships, 
usually formed by a natural opening in the coast 
lino, protected if necessary by artificial barriers or * 
breakwaters. 

Hard Brass (Met.) Brass which has not been 
annealed, or which has been hammered; it is much 
more elastic than soft or annealed brass. 

Hard Core (Build.) Broken bricks, etc., used for 
filling up cavities, thd foundations of roads, 'and 
similar purposes. 

Hardening (Met.) Applied to steel it refers to 
the process of heating and sudden cooling which 
gives the maximum amount of hardness to the 
metaU This is afterwards modified by TeMfbbing 
(y.f.) 

Hardening Liquids (Eng.) The liquids used in 
cooling steel to harden it. Pure water, oils, and 
water with various siilts dissolved In it are nsedr; 
the advantages of the latter are very doubtfnl. 

Hard Iron (Eng.) Castings of suitable brands 
of pig iion, mixed with scrap iron, can be m^e 
.speci^ly hard for u.se in parts of machines subject 
to much friction and wearing, such as wheel teeth. 

Hard HH" (Potter^. This is of the form of the 
enamel kiln, vie. muffle, but it l.s fired at a tempera¬ 
ture between that of the enamel kiln and the glost 
oven. 

Hard Lead (Eng., etc.) Lead containing various 
impurities (antimony, etc.) becomes much hairdo 
than pure lead, and is useless for many purposes. 

Haednaag (J/in.) The hardness of a mineral is 
determined by noting which of the standard minerals 
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tile specimen ms; be scratched by, and which of the 
ten it will scratch. The standards are: 

(1) Talc. ( 6 ) Felspar. 

(2) Gypsnm. (7) Quartz. 

(3) Calcite. " ( 8 ) Topaz. 

(4) Fluorspar. (9) Sapphire, 

(51 Apatite, (10) Diamond. 

Hardness (of Water). Sec Waxes, Calcium 
Compounds, Class’s rsocBss, nnd under Sani¬ 
tation. 

Hard Packing ['I'ypog.) A system of “making 
ready ” (j.«.) which dispenses with the blanket, and is 
chiefly employed in printing on calendered papers. 
Illustrated magazines are generally ])rintcd by this 
system. 

Hard Paste (Pottery). The term “Hard Paste” 
implies the reverst* of Soft Paste. The body is more 
natural in its composition. The bisque is burned at 
a low temperature, leaving it porous and non-trans- 
luoent. After glazing it i.s burned at a high tempera¬ 
ture, which melts the glaze into the body." Tiic body 
is thus rendered non-poroms and tramlv^seat', the 
glaze is “ hard ’’ and i.s absorbed into the body. 

Hard Paviors (Build.) Malm bricks, over-burnt 
and slightly blemished in colour, used for paving, 
coping, etc. 

Hard Solder (A’/<^., rfc.) Various alloys contain¬ 
ing silver, copper, zinc, etc., usc<l in brazing (y.v.), in 
soldering jewellers’ work, and other purposes whore 
a very close, neat, and .strong joint is required. Tlic 
difference between hanl and soft solders is chiefly 
due to the ab.scnce of lead in the former: conse¬ 
quently the melting point of hard solders is much 
higher. 

Hard Stock. See Bricks. 

Hard Water. Se Water, Calcium Compounds, 
Clark’s Process, and under Sanitation. 

Hard Woods (Carp., etc.) Tliis term is loosely 
applied to most woods, other than the coniferous 
woods (pine, deal, etc.), but it ha.s no exact signifi¬ 
cance. See WooDa 

Har^wave’s Process ( Chem.) A process for the 
direct conver.-.ion of comm.on salt into sodium 
sulphate without the intervention of sulphuric acid. 
Sulphur dioxi<Je. air, and steam are passed over 
cakes of common salt contained in iron cylindens, 
kept at a temperature of about C. The gases 
are |)assed over the salt in such a manner that the 
freshly introduced gas comes in contact with salt 
which is nearly converted; and the gases which are 
nearly used up, with fresh salt. The sulphur dioxide 
is obtained by burning iron pyrites. 

Hunnonic Cnrre (Pkys.) The carve obtained when 
simple harmonic motion is represented by plotting 
time as abscissae and displacements from zero position 
as ordinates. It may also be defined as the curve 
obtained by compounding a 8 .H.M. in a given direc¬ 
tion with a uniform linear motion in a per^ndicular 
direction. The simplest form of the equation to the 
curve is w = a sin bx, where a represents the 
^ 2ir 

maximum amplitude and the periodic time, and 

hence it is known as a “sine” curve. Its great 
importance knd usefulness depend on the fact 
(discovered by Fourier) that any periodic enrve 
whatever may be analysed into a series of super¬ 
posed harmonic curves, and thus made amenable to 
calculation. See Fourier’s Series and Harmonic 
Motion. 


Hanaonio Law (Axtren.) The name of the third 
law of motion discovered by Kepler in the seven¬ 
teenth century; ndmely, the squares of the periods of 
the planets are proportional to the oubos of their 
mean distances from the sun. 

Harmonic Hotion, Simple (Phys.) A type of 
oscillatory motion deriving its name from its 
general occuiTcncc in the vibrations of bottles 
emitting musical sounds when the amplitude is not 
too great. It is completely defined by the two con¬ 
ditions : (1) the acceleration of the moving mass is 
proportional to its disphtcenaent; (2) the accelera¬ 
tion is always acting towards the po.«iition of rest. 
The time of one comp lete vibration is given by 

T = 2ir A /and above definitions show 
V Accelcratuiu 

that thisisa constant quiuitity. As instonc.es of motions 
of this type may be mentioned the ])oinL of the prong 
of a tuning fork, or a point in a vibrating string; 
vibrations of a weiglit suspended by a spring; 
oscillations of a jicndulum, etc.; it being assumed 
in each case that the amplitude is small. The 
resultant of two harmonic motions at right angles, 
of the same period and amplitude, but differing 
in phase by a quarter of a period, is a uniform 
circular motion, and hence ari.ses a simple method 
of representation. For if a point P (fig. 1) be 
supposed to move with uniform 

velocity in a circle (termed the ^ - 

t'iRCLE OK JlEKERBNCE) whosc ^ 

radius oa is equal to the / \ 

Amplitude of the vibration / \ 

(where amplitmle = maximum B|- 

displacement from position of \ j 

rest), the point X, or foot of \ / 

the perpendicular from tliis 
point upon the diameter AB, ^ 
j moves b<ick\\ards and forwards Fio. i. 

witii a simple liarmonic motion 

in the time of one complete revolution of P: this 
time is termed the I’ebiodic Time, and usually 
denoted by t. Wc may express the same facts in 
mathematical symbols as follows: The distance ox 
(which may be denoted by x), termed the DISPLACE¬ 
MENT, is equal to OA ce.-, aop, or r cos ff. Now ^ is 
t be angle through which the line OP has turned in 
a given time ; let this time be t, and let the angular 
velocity of op be w. Then 0 =■ ut, and x = r cos bit. 
The displacement may therefore be represented by 
a enrve, of which the ab.seissa is jiroportioDed to 
t and the ordinate to cos oit. A similar curve in 
which the ordinate is proportional to Sin «f is shown 
in fig. 2 . 



Kio 2. 


The displacement is zero when t = 0 ; it increases to 
a maximum which is equal to r, the amplitude, when 

t = - (that is, after a quarter of a revolution of the 
4 
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pointP)»and falls to zero again when t=—, or when pis 

3t 

at B (fig. and then attains the value -« r whcnt=-j, 

retoming to zero after an interval T, when P has again 
reached A. This curve is a Sine Cubvb (or Cosine 
Cubvk). The angle wliich op makes at any given 
instant with some arbitrary fixed line is termed the 
Phase of the point which is executing t)ie simple 
liarmonic vibration. Thus if we take oa as the fixed 
line, the phase of the point x is the angle poa, which 
equals $ or ut. 

. Harmonica (Jt/usic). (1) The series of constitneut 
ftonnds of higher pitch which are produced with more 
oiH^s completeness along with a musical tone, and 
whicti' .play an important part in determining the 
“ qualitijW’ of mnsical tones. They are also called 
“ overtone#” or “ upper partials.” Tliosc harmonics 
are given forth in a regular progressive series, each 
note being of less intensity than the pn'ceding. In 
the following table of the first 1!» harmonies produced 
from the note I) it will be .seen that the vibration 
ratio of each note is one lialf that of its octave: 

Qcuenitor 

or 


tuning fork, etc.), they are c^led “ overtones ” or 
“upper partials.” It must not be supposed thati 
all or any of the possible harmonics are aotually 
pr^ent in a given.case. That depends upon the 
nature of the vibrating substance and the way it is 
set in vibration; for instance, in strings it depends 
upon the point struck. ? 

Harmonium (Musicy See Musical Inbtbumbnub 
—Wind (Keved). 

Harmony {Music), (1) An orderly succession of 
different combined sounds. (2) The study of chord 
building from “roots,” and of connecting these 
chords in their different positions, having regard to 
key relationship. 

Harness {Silk Manufac,) A collection of two or 
more Heduleh (</•«■), bcalds, lames, or shafts used 
for making satin, twill, or other plain cloths. 

- {Textile Mauufac.) In a Jacquard machine 

the group of cords carrying the Mails {v.v.) through 
which the threads of warp pass. Tire depression of 
the cords is effected bj' each carrying a separate 
weight or lingo. These serve the same purpose as 
the hcddles for tappet or dobby. 
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Harp(/f^i'A) The national device oflre- 
lawd. .It is borne in tlm Irish quarter of 
the Koyal Arms of Great I’.ritain. 

- {Miisie). See Musical Instbu- 

MENTS, STBINEED (2). 

- See Musical Instbumbnts—Stbinc 
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The harmonics given <jff by the Jih and of the 
whole string arc slightly flatter, anil that given by 
tile I’jth bharijcr, than the corresponding exact note 
of tlie key. (This table i.s taken from ITofessor 
ITonfs Jfarmo/iff, chap, ii.) 'J'his scries of har¬ 
monics may he jiroduccil theoretically along with 
every note, and by tran-sposing this table according 
to the generator reijuired the series may' be founil 
from that note. (2) Upper notes produced on 
stringed instruments— {e) by slightly pre.s.sing the 
finger on the ojicn string at the various “nodc.s,” 
i.e. points of rest in a vibrating string. These are 
termed Natubal IIakmonics. (b) By stojiping the 


(By Hand), 

19 20 

Harp Pendant {Gas Fitting). A gas 
pendant in the form of a Ipop with the burner in 
the centre. 

Harpsichord {Music). A precursor of the piano¬ 
forte, being a keyed instrument played by means of 
plectrums set in motion by the keys. A fine collec¬ 
tion may be seen in the Victoria and Albert Museum, 
South Kensington. 

Harpy {Jler.) A fabulous heraldic creature 
re])resentcd as a vulture with a woman’s head and 
neck. 

Harrison’s Gridiron Pendulum. Sec Pendulums. 


string with the fir.st or second finger, and t.lien 
slightly pressing the node with tlie fourth finger, 
TOese aro termed Autikicial IIakmonics. These 

harmonics are w'ritten in diamond shaped notes, p 

- {Phys.) In almost all cases of vibration it ‘ 

is more or* less difficult to ubtiiin a single definite 
frequency. As a nde, smaller vibrations are present 
8 U(Xjrpo8ed upon the origimd or fundamental. The.se 
are known as the “harmonics,” and first acquired 
importance in the theory of sound and of music. It 
is now usual to define the liarmonics of any vibration 
as a series of vibrations having frequencies 1, 2, 8, 4, 
6, etc., times the frequency of the given vibration 
or fnndamontal. This is in accordance with the mathe¬ 
matical treatment duo to Fourier, who showed how 
to resolve any complicated periodic vibration into 
an infinite series of harmonic vibrations having the 
above frequencies, although in practical calculations 
a few terms are usually sufficient. Sometimes, as 
in tire case of a closed organ pipe or an alternating 
electric current, only the odd harmonics can exist. 
When the possible higher frequencies are not simple 
multiples of the fundamental (as in vibrating rods, 


Harrock Hill Stone. See Building STONEa 

Hart {Her.) A stag uf full growth with branching 
horns. Borne as a charge or a crest. The female 
rei'rcsented without horns is called a Hind. 

Haryest Hoon {Astrmt.) About the autumnal 
equinox and harvest time in England the moon, 
when full, possesses its minimum retardation, i.e. 
rises mure nearly at the same time on successive 
nights than at other times of the year. It is then 
termed the harvest moon, for, ri.sing at sunset, it 
affords aid to harvesters who have not ended their 
day’s work. 

Hot {Her.) A cardinal’s hat is generally repre¬ 
sented in the arms of an ecclesiastic who belongs to 
th.at prinedy order in the Ohurch of Rome. It is 
red, with wide brim and pendent tassels. 

Hntft bftii Moulding {Architect.) A simple enriched 
moulding used in Norman work, generally as a string 
course. The moulding has a half-bexagond projeo- 
tion ^ squares are marked out on the projecting faces, 
and the triangle below the diagonal of each square 
is slightly sunk. 
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Hatchet ( ate.") A small axe. 

- {JlfT.) Aq ancient charge, William de 

Harstbelve in the ^thirteenth century blazoned azote, 
three hatchets argent. . 

Hatchet Stake (Eng.") A flat plate of metal with 
a sharp edge, flxed in a vertical position for bending 
sheet metal over, 

HatehinU (Art). A series of parallel lines, or 
several senes crossing, employed in drawing and 
engraving to produce the effect of shading and so 
ind^ate the modelling of an object, tones, etc. 

Hatchment (//er-) The achievement or armorial 
bearings of a person deceased. Sometimes hung 
ontside the house where such person lived, and 
afterwards placed in the church near the family pew. 

Hathim Headed Capital (ArcMt/set.) A form of 
capital used in Egyptian architecture. In this 
capital, a block of stone, carved on each face with 
a representation of the head of the Goddess Isis, and 
supporting a model of a temple, is introduced above 
a Gampaniform capital. It is also known as tlio Isis 
Hbaded CAriTAL. See Campanifobm Capital, 
CLinsTEBED Lotus Capital, Lotus Capital, and 
Palm Capital. 

Hat Leather {Eng.') A leather ring used as 
packing for hydraulic rams, etc. Its section is in 
the form of the letter L. 

Hanbepk (Arvtavr). A long coat or tunic of mail 
used in the middle ages. Originally it was only 
intended to protect the neck and shoulders. Sse 
Abhoub and Mail. 

Haulm {Botany), See Culm. 

Haunch {Build.) Tlic portion of an arch between 
the crown and springing See Abch. 

Hannched Tenon {Coop, and, Joint.) A tenon cut 
back in its widtji to allow for wedging. 

Hanptwerke {Munir). The German name for Great 
Organ. See Obgax. 

Hanriant {Uer^ “Paleways” or “in pale,” and 
having the head in chief. Used to describe the 
position of a fish on u field, when it appears as if 
rising to the surface of the water for breathing. The 
converse is Ubiant. 

Hansmannite (JIfia.) Mangano-manganic oxide, 
MujO^. Manganese = 72'1, oxygen = 27’9 per cent. 
Occurs in small black tetragonal octahedra, which 
have a brown streak. From Thuringia, the Harz, 
United States, West Cumberland, etc. 

Hautboy {Mutde^. The French term for Oboe 
(?•*•) 

Havk {Her.) A bird of prey frequently us©! in 
horUdry. It is blazoned “belled,” “jessed,” and 
“varveued." Varvelles are small rings attached to 
the jesses. 

{Plant.) A square piece of board with a 
handle in the centre underneath. Used for holding 
a supply of plaster while it is being laid on a wall or 
ceiling. 

Hawk Bells and Jesses {Her.) The small round 
bells attached to the legs of hawks. Hawks' jesses 
are the slmrt leathern thongs fastened to each leg of 
a hawk and to which the leash held by the falconer 
is attached. 

Hawser Pipe or Hawse Pipe {Eng.) (1) The 
hole through which a ship’s cable runs out. (2) A 
rimilar opening through which, the chain runs in 
some cranes. 


Hawthont. See Woom. 

Hay Band (J'bwaJry). Boughly made ropes of 
hay wound rovmd an iron bar, on which loam is to 
be placed to form a large CoBE (g.e.) The hay servea 
to form a porous interior in the core, through which 
gases can escape when the hot metal comes in contoot 
with the ontside. ^ 

Hazel* See Woods. 

Hazel Nut Oil. A pale yellow inodorous oil 
obtained by expressing the fruit of Oorylue aveliana. 
The product is limited. It is used, when fresh, for 
cooking ptuposes, also for burning and for soap 
making. 

Hazel Rods {Eng.) Thin rods of hazel are often 
used for the handles of smiths’ tools (cliisels, punches, 
etc.) which have to be struck by a Iwmmer. 

He {(Jhem.) Tlie symbol for Helium {q.v.) 

Head {Build.) (1) The end of a quoin stone. 
(2) The top end of a slate when fixed (m a tool 

- {Carp, and Join.) The top of a door frame ; 

the top end of a shore, etc. 

- {Cyolrs). The socket or hollow tube through 

which the tube carrying the front forks runs. It 
has ball bearings at the' top and bottom in most 
machines. 

- {Eng.) (1) Tlie top of a tool or other 

object. (2) The depth or height of water in a vessel, 
which detenuine.s the pressure at any given point 
below the surface. 

- Bind.) The top part or margin 

of a page. 

Head and Tail {Bind.) The head is the top of 
a book; llie tail is the bottom. , 

Head Band {Bind.) The head band is the little 
onramental acciessory fixed to the head and tail of a 
volume inside the back, to give a finished appearance. 
Formerly they were worked in different coloured 
silks very carefully attaclicd to the book itself, but 
now they can be bought ready made by thaiyard, 
and are. glued on. 

Header {Build.) A brick or stone with its end 
showing on the face of the wall, i.e. one with its 
longer axis at riglit angles to the plane of the wall. 

Heading Course {Build.) A course of hoadera 
See English Bond. 

Heading Joint {Carp. am,A Join.) Two floor 
board.s joined end to end. See Floobs. 

Headmgton Stone. See Building Btonbs. 

Heading Tool {Eng.) A tool nsod for forming 
the hcad.s of bolts, large nails, etc., when forged by 
hand. 

Headline {Typog.) The heading (top line) on the 
page of a book. 

Head Hetal {Foundry). A kind of reservoir of 
metal connected with the interior of a mould by a 
gate (p.p.) or runner, or else opening dir^ly into 
the mould itself. The scum, etc., rises into the 
head, leaving the casting sound; when the casting 
is removed the unsound metal forming the head is 
cut off. 

Head Nailed {Build.) Slates fixed at the top end. 

Headon Beds {Qeol.) Bocks of fluvio-marine 
origin which were formed in the south of England 
during the Oligocene Period. They are best developed 
in the Isle of Wight and the mistime areas to 
north-west of that district. 



KBA 


2g3 


HBO 


Head Room (jOarf. and Join,} The vertical 
height d£ a landing trimmer above the staira 

B aa d i t oe k CBag.} The part of a lathe which 
contaias the mandbkl (g.v.) 

—- (^jPewttte Manufao.) The principal part 
of the selector or spinning mule. It consists of 
the mechanism, for controlling the several motions, 
snob as the delivery of the sliver, twisting, the 
drawing oat and winding up of the carriage, and the 
winding up of the spun jam on to the cop or bobbin. 

Hoad Yalvo (.Eng.} An upper valve of a pump; 
the lower valve is termed a Foot VAnva. 

Heald (Tewtile Manu/ae.} See Hbddls. 

Hearf Cam (Watches}, A heart-shaped piece 
used in split seconds work, chronographs, and other 
mechanisms where the parts are required to return 
to their original positions at the will of the operator. 
See Bput Sbcokds Oheonoobaph. 

Hearth (Build,} The cemented, tiled, or mved 
floor of a fireplace : the part of the floor which lies 
beneath and in front of the grate. 

- (Eng.) (1) The lower part or base of a 

furnace or the part contivining the fire. (2) The part 
of a forge containing the fire. 

Heart Wood (Carp., etc,} The wood forming the 
central part of the trunk of a tree. 

Heat. A term used to denote the sensation of 
warmth, and also the physical (viu.se of that sensation. 
From the latter point of view heat is now regarded 
as being a kind of molecular vibration or motion, 
and hence a form of energy. 

- ( Eng:) The term is used in engineering and 

other trades in various senses, in acldition to the 
correct scientific one. Thus it is applied to (1) the 
temperature at which an opemtion is carried out, 
e,g, Weluino HlitVT; (2) the process of heating 
materials to such a temperature; (3) the amount 
of v^'tctial dealt with at one time or in one single 
operation. 

—» Atomic ( Chim.} See Atomio ITbat. 

-, Conduction of (/*%.«.) See Conductivity, 

Conduction op Heat, etc. 

Heat Equator (Metenrol,} Owing to the great ex¬ 
tent of land in the Xort hcni Hemisphere the highest 
mean annual temperature of the parallels of latitude 
is found at latitude 10° N. 

Heating Apparatus (Eng.) Eadiating apparatus 
by which neat is distributed to warm a building by 
hot water, air, or steam. Occasionally electric 
heaters are emploj'ed ; they have the advantage that 
heat can be given out at a point considerably re¬ 
moved torn the source, without a.s much loss at 
intermediate points as occurs with the methods 
previously mentioned. 

Hosting of Boaringi (Eng,} Hearings when not 
Bufiicientiy lubriciated become very hot; they then 
become very much worn, or the surfaces in contact 
may adhere, and n fracture may occur. In large 
installations of machinery it is often found advisable 
to keep one man entirely employed in looking after 
the bearings to prevent heating; this is usually done, 
for example, on a large steamship. 

Honttng of Bulldingo. See under (Ianitation. 

Hoftting Borfnoe (Eng.) The area of a boiler, 
including flues and tubes, which is in contact with 
the fire or the hot gases. 


Henty Xmtant AwLATBam Beat. 

-y Hoduudoal Eqaivaleat iMf 

HECHANICAL EqUIVAEBNT OP HBAT. 

-, Moieoulap ( Phyt .) See Moleouiulb BIut- 

Boat of Combustion (Chem.) The amount of beat 
evolved, expressed in calories ( q . v . ), when the mcdeonlar 
weight, taken in grams, of any substance is com¬ 
pletely burned. In the ca.se of elements, that 
quantity is taken which will give one gram-molecule 
( q . v .) ot the product. Thus in the case of fmetio 
acid (CgH^Og) the heat of combustion is the ij|(paber 
of calories evolved when 60 grams (60 beii^ the 
molecular weight) are completely burned to water 
and carbon dioxide. But in the case of carbon, 
whose molecular weight is unknown, the heat of 
combustion is the number of calories evolved when 
12 grams are completely burnt to 44 grams (the 
molecular weight) of carbon dioxide. See also 
THEBMOCHEMiaTSY. 

Heat of Formation ( Chem.) The heat {expressed 
in calorics) evolved or absorbed in the production of 
the gram molecular weight of a substance from its 
elements. See also Thekmochbmistby. 

Heat of Ionisation (Phys.) The internal energy 
of a substance in its neutral .state is not necessarily 
the same as its energy when in the ionised state, and 
the difference may be positive or negative. This 
difference is known as the Heat op Ionisation. 

Heat of Solution (Phys.) The total amount of 
heat vrliich is either absorbed or set free by dis¬ 
solving one gram of a substance in a given solvent. 

Heat, Radiant. See Eadiant Heat. 

Heat Radiator (Motor Cars), A device by which 
the coolin'.' of I he os'linde# of a motor cycle or of the 
cundenscjr of a car is promoted. A aeries of flanges 
or “ gills ” are attached to the tubes of a condenser 
(or cast on the body of a cylinder); these become 
heated by conduction, and dissipate the heat into the 
atmospheie by radiation. 

Heat, Specific. See Specific Heat. 

-, Unit of. The heat necessary to raise unit 

mass of water through unit rise of temperature (1°). 
The English engineer uses the pound and the degree 
Fahrenheit as the respective units: in scientific 
work it is usual to employ the Galobib (j.e.) 

Heaume (Armimr). See Hblh. 

Heaves (Geol.) A miner’s term for the lateral 
shift of a fault or lode which has been produced 
by the action of a fault of later date. An allied 
phenomenon of considerable importance in connec¬ 
tion with metalliferous veins is that in which a newer 
fault or lode traversing an older one has been deflected 
by the older hue of weakness. Many dykes have 
been Tbailed (as this deflection is termed) by this 
cause. 

Heavy Oil (Chem.) That fraction of coal tar 
which distils between 230° and 270° C. It is used 
under the name of Creosote. See Gas Manufao- 
TUBE (Coal Tab Distillation). 

Heavy Spar (Min,) A synonym for Babytes 
(if-f) 

Heck (Cotton Manufaa.) A framework can^g 
needles by which a lease is formed when “ warping." 

Heeto*. A prefix used in the metric system to 
denote a multiple of one hundred times the measure 
to which the prefix is applied; ije. hectolitre Olie 
hundred litres. See WEIGHTS AND Measubbs. 
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Heddle {Textile Manufao.') The Scotch term for 
HisaIiD-bbaft. Heddles oonsiet of upper and lower 
wooden shafts or laths fastened together b 7 Hbald 
G oBDB, which contain in the centre a Mail or 
Eyb, through which the threads of warp are passed 
separately. Each pair of laths or staves are under 
separate control by the Tappet or Dobby, and thus 
the warp threads are raised or depressed to interlace 
with the weft as it is shot across in the loom. 

-, Heald, Lame, or Shsift {Silh Mamfae.') 

Two flat sticks called Vebueks, placed parallel about 
15 in. apart, connected by a series of fine cotton 
threads, each having in the middle a loop or eye to 
receive the warp thread. In the Grob ” system, 
lengths of flattened steel wire perforated in the 
•centre for the eye replace the cotton thread. 

Heddon Stone. Sec BuiLDiNa Stones. 

Heel Ball. A composition of carnauba wax, resin, 
blacking, and paraffin wax, used for rubbing on the 
heels and sides of the soles of Iwots to give a finish. 

Heel Strap {Carp, and Join.) The iron band 
securing the foot of the principal rafter to the 
tie-beam. 

Heel Tool ( Et^.) An old form of band-turning 
tool used in taking a hcat^ cut. It had a bend or 
heel near the cutting end which rested on the top of 
the T-rest. A similar cut is usually token by a slide 
rest tool in modern lathes. 

Height of Barometer. The length of a vertical 
column of mercury whose pressure is equal to that 
of the atmosphere. See Barometek. 

Heliacal Rising or Setting {Asfron.) The rising 
or setting of a ctdestial body just before sunrise or 
just after sunset. 

Helianthin {Ckem.) Methyl Orange (</.!•.) 

Helianthus {Botany). A well known genus of 
the order Compomtm. JT. armum is the sunflower, 
whose seed.s j-ield a useful oil; II. tvheroxvjt is the 
Jerusalem artichoke. 

Helical Gear (Gearwheels with teeth set 
at an angle with the axis of the wheel. 

Helical Spring. A spring produced by winding a 
steel strip or wire on the surface of a cylinder; often 
erroneously called a “ spiral .spring." Cf. Helix and 
Spulvl. 

Helical Tobe {Cycla). A tube matte of a long 
strip of steel wound on a cylimlrical roller in the 
form of a helix (or so-ca)lod “ spiral ”) and brazed at 
the edges into a continuous tube. 

Heliograph. An instrument for signalling through 
considerable distances by means of a beam of sun¬ 
light. It consists of a small mirror mounted upon a 
suitable stand, and arranged so that the sun’s light 
may be reflected to the distant station, where it 
can be observed as a luminous point by means of a 
telescope. The signals are then produced b}^ a series 
of flashes. 

- (Antron.) An instrument, generally eqna- 

torially monnted, for photographing the sun. 

Helipmetor (Adron.) An equatorially monnted 
telescope, the object glass of which is diametrically 
divided into two parts, which are capable of sliding 
past each other. 

Helioscope {Ajtron.) A special form of solar 
oyepiece used when observing the sun, in order to 
protect the eye from the intense brilliancy and beat 
of the ravs. 


Heliostot. An instrument for obtaining a beam 
of sunlight in an invariable direction for experi¬ 
mental purposes, etc. It consists essentially of a 
mirror provided with a clockwork motion which 
enables it to follow the apparent motion of the sun. 

Heliotrope (Min.) A semi-translnoent green 
variety of CHALCEDONY, spotted with red. 

Helium {Chem.), He. Atomic weight, 4. A colour¬ 
less gas; has not been liquefied; least soluble of 
all gases (100 vols. water dissolve '73 vols. He). It 
has a monatomic molecule. Cannot be made to 
enter into chemical union with any other element or 
compound. Occurs in the sun, in the Barth's atmo¬ 
sphere to a small extent, and in certain rare minerals 
which contain uranium, thorium, yttrium. The 
minerals richest in helium are clfeveite, uranlnite, 
and broggerite. From these it is obtained by 
heating under greatly reduced pressure. Other 
gases evolved at the same time are removed by 
suitable treatment: thus hydrogen is made to unite 
with oxygen to form w.atcr, and nitrogen is made to 
combine witli heated magnesium. The spectrum of 
helium contains two lines exceedingly near together 
in the yellow; it was from the pro-scnce of this 
double line in the solar spectrum that this element 
was discovered in the .sun thirty years before 
Professor Bamsay di.scovered it in the rare minerals 
referred to above. Helium has been used as a 
thermomctric substance in measuring the \ery low 
temperatures at which hytlrogeti boils and soliilifios. 
It is estimated tliat the boiling point of liquid helium 
will be about .5° above the ai)solute zero. See also 
ItADlUM. 

Helium Stars {Astnm.) Stars the spectra of 
which show prominently the lines of the gas helium. 

Helix. The curve produced wluni a line is wound 
regulai’ly round the surface of a cylinder (or wne) 
so as to lie in that surface. I’hc thread of a screw 
and a spring of the elongated form are examples. 

Helm or Heaume {.irmovr). A helmet of griat 
size and strength, used in the twelfth and thirteenth 
centuries. It wa-s goner,ally ^vom over a smaller 
iiead covering, e.y. the Ita-sciiiot {gr.v.), and reached 
down to the shoulders. See also ArmuUB. 

Helmet {Armow). A general term for the defen¬ 
sive covering for the head. It varied in form during 
successive period.', from the Ghapelle-dc-fcr (y.c.) lo 
the helmet worn at joust and in battle from the 
fourteenth to the sixteontli centuries. Sec Hbaume 
and Armour. 

- or Helm {Her.) Used as an accessory above 

a shield of arni.s. It has various forms aocord- 
ing to the period. It is jdaced above the sliicld 
reking upon the “ chief.” Commoners, knights, and 
baronets liave their crests pl.aced upon their helms, 
sustained by wreath, cap, or crest coronet. Peers 
and princes place their coronets upon the helm and 
their crest above the coronet. The helm of the 
sovereign and princes of the Blood Royal is of gold, 
and placed “ alfront6e,’’ guarded with six bars; that 
of nobles of silver, placed in profile, with five bars; 
that of baronets and knights is of steel, “ affrontto,” 
vizor raised and without bars. Esquires and gentle¬ 
men, vizor is closed and placed in profile. Helmets 
are also borne as charges upon a field. 

Helve. The handle or haft of a hammer. 

Helve Hammer {Eng.) An obsolete form of 
mechanically worked hammer. 

Helvetia Leather. See Crown Lbathbb. 
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Hematite {Min.) A synonym for H^matitb (^.r.) 

Hemicryetallbie Roeki {6eol.) These may be 
typified by basalt, a rock of eraptire origin, in which 
some of the constituent minerals had crystallised 
from solution before the fluid matrix began to eon* 
solidate. Hence these minerals are enclosed within 
a stony or lithuidal matrix which is usually devoid 
of crystalline structure. All lavas arc necessarily 
hcmicrystalline in structure. 

Hemihedral Forms {Min.) Crystal forms in 
which alternate faces or alternate grotfiis of faces of 
the holohcdral forms {q.v.) are suppressed. 

Bemimorphism {Min.) A condition where a 
doubly terminated crystal shows dissimilarity of 
forms at the opposite ends. It is well seen in 
Hemimorphite, in Qreenockite, and in Epsom Salts. 

Hemimo^hite {Mi/n.) Hydrous silicate of sine, 
ZnSirt, . 2Hp. Silica == 25'1, oxide of zinc = 67'4, 
water c= 7‘5 per cent. Orthorhombic, hemimori)hic 
(q.v .); also massive. White, pale yellow to green 
and blue. Also called Smith.'Onite, and, by some 
American writers, Calamine. From Somerset, Derby¬ 
shire, Cumberland, Silesia, Hungary, the United 
States, etc. 

Hemisphere. The half of a sphere cut oil by a 
plane passing through the centre. 

Hemp {JMany). The macerated bast fibres of 
Caimahi$ sativa (order, Mnrarea-) yield a valnablc 
material for ropes, etc. The seeds, oil, and a resin 
are also used. 

Hempseed Oil. This is obtained by expressing 
the seed of ('anndbis satii'ti. It i.s a greenish 3 ’ellow 
when fi-cslily pressed, hut the greeiiisli tint dis¬ 
appears when refined. It may bo used for the .same 
purposes as olive oil, as a burning oil, and for soap 
making. It is often employed toadullerato linseed 
oil, the effect of the addition being to retard tlie dry¬ 
ing. Ttic specific gravity at 15° C. is 0-925 t(j 0-930. 

Henry’s Law. {Chnn.) 'ITie amount of a gas (by 
woight) which dissolv-es in a liiiuid \,'iiius directly 
with the pressure on the gas when the tempendure 

i.s constant. This law only holds for the less soluble 
gases. 

Heraldry. In the modern sense heraldry is the 
art of blazoning or describing armorial bearings. 
Forraeri}' it dealt also with genealogy and prece¬ 
dence. Although probably of ancient origin, heraldry 
only assumed definite individual and hereditary 
cliaracter about the mi<ldle of the twelfth centurj-, 
this being largely due to the increasing necessity 
for knights in full armour to bear some distinctive 
device for the purpose of identification. Between 
the twelfth and fifteenth centuries rules had been 
formulated for the blazoning of arms, the arrange¬ 
ment of devic(!s, colours, etc.; and tlie science 
had become sufficiently systematised to warrant the 
establishment of an authority to regulate matters 
Mrtaining to the bearing of arms and the claims of 
descent. Tlie Heralds College was accordingly con¬ 
stituted about 1426 by Edward III. 

Hbbaldio Coloubs oe Tinctusbs.—T here are 
a certain number of “ tinctures ” used in heraldry, 
both for the field or groundwork of a shield, and also 
for the various charges that may be placed upon it, 
lltey are of three kinds: metals, colours, and furs. 
Only two Mbtals are employed, viz. gold and silver, 
called respectively or and argent, the former repre¬ 
sented in engraving by small dots, and the latter by 


a plain white siftface. There are five CoiiOUBS 
most commonly employed, besides one or two 
others rarely used: 

1. Azure is hive, and represented by horizontal lines. 

2. Gules is red, and represented by perpendicular 

lines. 

3. Sable is black, and represented by horizontal and 

perpendicular lines crossing. 

4. Vert is green, and represented by diagonal lines 

drawn from dexter chief to sinister base .of the 
shield. 

6 . I’urpure is purple, and represented by diagonal 
lines drawn from sini.ster chief to dexter base. 

6 . Tenn6 is orange, and represented by dif^onal lineS' 

as vert, cros.sed by horizontal. 

7. Sanguine is blood, colour or dark red, and repre; 

seated by diagonal lines as purpure, crossed by- 
other diagonal lines as vert. 

The Fuks are eight in number, viz. 

1. Ermine -. A field “ argent,” powdered with spots 

“sable." 

2. Ermines : The reverse of the former. 

3. Erminois: A field “ or ” powdered “ sable.” 

4. Bean: The reverse of the former. 

5. Vair: Tlie field covered with little shield shaped 

figures, argent and azure alternately, 

6 . Counter vair: When the small .shields are arranged 

point to point and base to biise, 

7. Polent; The field covered with small potents or 

crutches, tincture like vair. 

8 . Counter potent: The potents placed x>''>i'Bt to 

point and base to base. 

Metal should never be placed upon metal in charges, 
nor colour upon colour. Figures borne on a shield 
in their nafiir.al colours are described as “ proper.”' 

I'ABTITION Links.— There are in general use the 
following methods of dividing a shield, viz. 

1 . By a perpendicular line, called party per pale or 

impaled. 

2. A horizontal line across the middle, called 2 >o.rty 

per friixe. 

3. A perpi'ndicular and horizontal line crossing, called 

]tar*y per erose or qvaiierly. 

4. A diagonal line, called per bend. 

5. A diagonal both dexter and sinister, called yuwfy 

per saltire. 

6 . Two lines rising from opposite sides of the base 

and meeting in form of an at-ute angle at the 
fesse point, coXlnA party per cheer on. 

7. The latter with a perpendicular line to point of 

intei-scction, called grafted or party per pale and 
chevron. 

The dividing lines are either straight or assume 
the following ornamental forms : 

Engrailed 
Invccted. 

Wavy or Und6e 

Nebulde . 

Indented 
Dance tto 
Embattled 
Baguldc . 

Dovetail . 

PotentSa. 
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Feb Paib. Feb Fesbe. Per Cbohe ob 

Q(7il»TEBEr. 



Feb Bend. Feb Saltike. 



Per Chevron. Feb Pai.e and Chevron. 


Chab&bs.—W hatever device is placed upon a 
ebield it is called in heraldry a “ chaT^e.” Cbarpes 
are divided into three classes, viz. Ilononrahle 
ordinaries, subordinaries, and common oharjjes. 
They are called oi’dinaries from being u.scd most 
ordbiarily. 

Obdinariks.— Tlie following are the honourable 
ordinaries and their diminutives: 



The Bend. The Bb.kdiet. 



Tbe Fesse. The Bab. The Orobb. 



The Saltire. The Chevron. The Ohevbqnbl, 


SUBOBDiNABiBS. —There are some fifteen sub* 
ordinaries j authorities differ as to the exact number. 
These, combined with ordinaries, and bv means of 
partition lines and various charges, can ne made to 
afford an almost infinite variety of coats of arms: 



Canton. Qvbon. 



Inescutchkon. Oble. Tresborb, 



Lozenge. Fchil. Fhktib. 



MA^(;LE. Rustre. Label. 



Billet. Bordure. 



Flancheb. Flabuueb omToisem. 

See alto ABMOBIAL BBABIKOS, COAT AbMOUB, ond 
Cross. 
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Bernut, pi, Mwmm iAreh/mol^ Art'). A kind of 
«tatae oonei^ng of a head 6r host (geneiallj tiiat 
of the god Hemtes) set on a quadrangular pillar. 
Used hy the Qreeks and Bomans as boundary marks, 
decorative jiillars, etc. 

Herring Clv.peahm'engUibaiiilj, Clupeida'), 
A well known food fish found in the North Atlantic. 
The young of the herring form a greater part of 
whitebait. ^ 

Herring Bene {AreMtect., etc.') A term applied 
to stones, bricks, or other small component parts of 
a structure, etc., set diagonally; the members of 
adjoining rows usually slope in opposite directions. 

Herringbone Bond (^BvUd.) A cross bond in the 
interior of thick walls. 

Herringbone Strutting {Carp, and Join.) Cross 
strutting between floor j casts. 

HeteroeyoUc Compounds {Chrm.) Eing com¬ 
pounds containing more than one element in the ring; 


ryridine, HC OH Thiophene, HC '^|Cn 

lie CH HC CII 

N 

HC- - -CII HC=CH 

Furfurane, | > 0 Pyrrole, I > NH 

HC-—Cn . HC:-'--:=CH 

CIl-N 

Glyoxaline, || / CII 

CTI-NH 

See aim Closed Chain Compounds. 

Heuiandite {Min.) Hydrous silicate of aluminium 
and iron, A1,0, . clSiO^ + CaO . :iSio„ + 5 HjO. 
Monosymmetric. White, brownihli U) rich red. 
Prom Stirlingshire, Antrim, Iceland, India, etc. 

Hevea {Botany). A genus of Kuphorhiacea 
lielonging to tropical America. It is the source of 
^'ara rubber. 

Hewett’i Kereury Vapour Lamp. See Mehcuky 
Vapoub Lamp. 

Hexahydrobenzene {Chem.) , 

CH, 

HjC CH, 

n,c CH, 

CH, 

A liquid with benzene-liko smell and a boiling 
point almost the same as benzene (81®). It occurs 
in Russian petroleum. Can be prepared by reducing 
benzene with hydriodic acid at a high temperature. 
See dl$o Naphthenes. 

HexametiiyleiM {Chem.) Hexahydbobexzehb 
<?•»■) 

Hezaitylo {ArehUeet.) A term used to denote 
that form of temple which has six column.s in the 
front row. See Octastylb, Tetbastyle, Distylb, 
M,nd Dbcasttle. 

HezoHi {Chem.) See SuctABS. 

R Girder ( hhie.) A wrought iron or steel girder 
whose cross section has somewhat the form of the 
lettmr with tiie horizontal stroke long in proportion 
"to the vertioal ones. Also termed an I girder 


Hickory. See W<hm. 

Hide! {Sool.) The skins of the home, dm, sheep» 
pig, dog, etc., used in the manufacture of leather. 
The term is applied more particularly to the skins 
large beasts t^t may be tanned into leather. 

HlmKtglyphios, Hieroriyphs {Arehaol.) The 
characters used in writing by the ancient Egyptians 
(and other ancient races). They consisted of'flgures 
of animals and objects symlmlising some word, 
syllable, or sound; picture writing. 

mgh {Typog.) A term applied to type or blocks 
which stand out in front of the rest of the type in 
the forme ; e.g. new type stands higher than worn 
type. 

High Flash Point. Oil whose vapour is only 
ignited at a high temperature. See FlashiMO 
I’OINT. 

Highgate Resin {Min.) See Copalinb. 

High PresBure Cylinder {Bug.) The cylinder of 
a compound engine in which the steam is first 
expanded before passing on to the remaining 
cylinder or cylinders, in which the expansion is 
completed. 

High Relief {Sculp.) See Ati'O Eelibvo. 

High Speed {Bng.) A purely relative term; 
applied to tlie linear velocity of sUps, vehicles, etc,, 
and to the rate of rotation of various motors and 
engines. In steam engino.9 of the ordinary recipro¬ 
cating type 400 revolutions per minute is a high 
siKtfid; a small gas or petrol engine may make 1,200 
to 2,000, a Parsons’ steam turbine {q.v.) 3,000, and g 
small liBval turbine as many as 30,(.>00 per minute. ' 

High Speed Bearings {Eng.) Bearings whose 
length is four or five times their diameter are 
commonly used for very rapidly rotating shafts, and 
in many cases (espwially in dynamo.s) the whole 
bearing lias some slight freedom of rotation about 
axes at right angles to the shaft; this allows for 
j slight errors in the alignment, or a slight amount of 
“give" or deformation of the shaft itself which 
miglit otherwise have serious results at high speeds. 

High Warp. Tapestry in which the warp {q.v.) 
takes a vertical position, e.g. Gobelins tapestry. 
Supposed to be superior to low warp tapestry,, 
which is manufactured with the warp in a horizontal 
position. 

Hills, Origin of ( Geol.) In most cases the elevated 
tract.s known in general terms as “hills” are due 
•either to the local piling up of mate.rials, such as 
sand deposited by sea spray or drifted by the wind, 
or else are remnants of a mass of rock which 
formerly had a greater extent, but which was locally 
removed by some natural agent, such as running 
water. Hampstead and Finchley, for example, were 
once continuous high ground with Shooters Hill. 

Himation {Areheeol.) An outer garment worn by 
the ancient Greeks. It consisted of an oblong piece 
of cloth which covered the left shoulder, and was 
generally fastened over the right shoulder, leaving 
the right arm free. 

Hip Giirile {SSeol.) A group of bones (Pblyk) 
Qibulb) which give attachment to the hind limbs. 
The girdle is articulated to the vertebral colnmn, and 
consists of the tljree bones, ilium, ischiiun, and pubis. 

Hipped Roof { BuUd.) A form of roof in which the 
ends tiope as well as the sides, there is therefore no 
gable. 
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Hippuric Acid ^Be^ylgljoocoU), 

COOH 

A white crystalline solid; melts at 187“; sparingly 
soluble in cold water (1 in 600); easily solnble in hot 
water and in alcohol. It occurs in the urine of 
herbiverous animals, especially of horses (hence the 
name); to a slight extent in human urine. When 
horse’s urine is concentrated and hydrochloric acid 
added, hippuric acid separates out. It may be 
obtained synthetically by the action of benzoyl 
chloride on glycocull in presence of caustic so^ 
solution. On Wling the acid with strong hydro¬ 
chloric acid it yields benzoic acid and glycocoll 
hydrochloride. 

H^tpurlte Limestone (Oeol.') A section of the 
Upper Cretaceous Hocks, mainly contemporaneous 
with the Briti.sh Chalk. It was formed in a diiferont 
zoological province from the normal Chalk, and 
contains the remains of a somewhat anom.a]nus group 
of mollusca, whose affinitic.s may be with tlie modern 
C?iama. It occurs in force in the north-western part 
of the Mediterranean basin. 

Hip Rafter {Build,') The angle rafter of a hipped 
roof. See Roora. 

Hitch. (1) A check or stoppage of any kind; in 
particular, the stopping of a cutting tool through 
digging into the material. (21 In a rope, a loop, 
turn, or knot of a particular kind. 

Hoar Frost {Meteoml.) W’hen the air contains 
I moisture and the ternfforature sinks below the 
j freezing point, the particles of moisture become 
• frozen and arc deposited on leaves, trees, etc., in 
the form of hoar frost. 

Hod {Build.) A three sided receptacle used for 
carrying bricks, mortar, or stones. Attached to 
it underneath is a straight handle about 4 ft. long, 
by which it is supported while being filled, aud 
by means of which the hodman balances it on his 
shoulder when carrying the material to the workmen. 

Hodo^aph. If lines be drawn from a fixed point, 
representing in magnitude and direction the velocity 
at successive instants of a moving bwly, the extremi¬ 
ties of the lines lie on a «;urve termed the Hodogbaph 
of the motion of the body. 

Hofinann’s Apparatus* Sre Vapoub Dbksity. 

Hofmann’s Yiolct {Chem.) Is tricthylrosaniline, 
a dye. Not used now. Sec RosANIline. 

Hotf Fleece, Hog Vool {Woollen 3fanu/ae.) The 
first mom (icece of a young sheep. 

Hogging {JSnff.) Tlie curvature of a girder, ship, 
or other structure, so that it is convex on the upper 
side; i.e. the central portion becomes raised relatively 
to the ends. cy. Sagging. 

Hoist {Biiff.) Lifting mechanism. The term is 
applied to a great many machines; a lift or elevator. 

Holding Up {Bug.) Pre.ssiiig a hammer, etc., 
against one end of a rivet while the “closing” or 
formation of the head is effected. Tlje hammer is 
held by its handle, and the head springs away from 
the rivet after it.s inertia has been overcome by the 
blow of the riveter's hammer. 

Holding Weft {Textiles). See Whft. 

Hollander {Paper Manufac.) A type of beating 
engine used for beating up rag pulp. 


HoUai^ {Linen Mmufae.) These are light plain* 
texture linens finished in the brown state, or dyed 
black, slate, etc,, and highly glazed. Generally u^ 
for linings 

HoUington Stone. See BtriLDiNG Htomsb. 

Hollow Column {Eng.) A vertical column con¬ 
taining a given weight of metal is much stronger if 
hollow than if made solid, owing to the metal neing 
farther from the axis. See Beau. Many large 
frames, baseplates, and other structures are made 
hollow for this reason. 

Hollow Mandrel Lathe {Eng.) For small repeti¬ 
tion work, where a number of similar objects (e.^. 
.screws, etc.) are formed from a rod of metal, it 
is very convenient to have a lathe with a hollow 
mandr«?l. The rod of metal runs right through this 
mandrel, and one end projects beyond the chuck for 
a sufficient distance; as each object is finished it 
is cut off, and a fre.sh length of rod brought into 
place without loss of time in rc-clmcking. A hollow 
mandrel is oficn u,‘-t'd in conjunction with a capstan 
head on the slide rest, which is capable of holding 
a v.ariely of t(K>ls, 

Hollow Roll {Plumb.) A lead Roll {g.v.) made 
by bending over the edge.s of sheet lead, and so 
forming a tube. 

Hollows {Carp.) nanes used for forming convex 
surfaces; the corre.sponding planes for forming 
concave suifaces are known as Rounds. A set of 
hollows and rounds used always to form part of a 
joiner’s outfit; with them ho could cut any beads or 
mouldings or make hi.s own beading planes. 

- {Patteremaking and Moulding). The enrved 

surface eorinecfing two flat surfaces meeting af. an 
interior angle ; the ourve adds to tlie strengt,li of tlie 
casting, whieli would otherwise ho very liable to 
fracture at the angle, owing to the irregular arrange¬ 
ment of the crystalline .structure at this point. 

Hollow Walls {Hygiene). According to a model 
bydiiw i.s.sued by the Local Government Board as to 
new buildings, if the ground i.« to be in contact with 
a wall above the level of the iloor of the lowest .story, 
that wall must be made double, with a cavity 
2^ in. wide extending fmra the base of the wall fb- 
above the surface of the adjoining ground; and 
damp proof courses {g.r.) must be inserted both at 
tlie base of the wall and at the level of the top of the 
cavity. , 

Hollow Ware. See Glass Manufactube. 

Hollow Ware Presser {Pot.) A liollow ware 
pre.sser, as distinguished froju a “ flat ware” presser, 
is a jiotter wlio makes bowls, vegetable dishes, soup • 
tureens, aud similar hollow articles wMch are made 
by the “ pressing ’’ proce.ss. 

Holly. See Woods. 

Holmes’s Signal. A tin canister containing calcium 
phosphide and attached to a float. To the bottom of 
the tin a tube i.s fastened, and the end is perforated 
so as to admit water, when the signal is to be used ; 
at the top of the tin is a cone, the apex of which is 
cut off also before use. When thrown into the sea, 
water entering below generates spontaneously in¬ 
flammable pho.sphoretted hydrogen, which escapes 
above and bums with a brilliant flame. See PHos- 
phobettbd IIydbogbn. 

HoIoorystalUne Structare (Geol.) This occurs 
chiefly in eruptive rocks which have consolidated 
slowly and under pressure. It is confined to rocks of 
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either plntcmic (dee^ seated) origin, or tramean rocks, 
SQcb as dyke sand sills, which have been intraded at 
a lesser depth. The whole of the oonstitnents have 
become crystalline; or, in other words, no trace of 
any ground mass is left. Granite or dolerite may be 
taken as typical examples. No lava is holocrystAline. 

Holohedval Forms {Min..) Crystal forms which 
show the complete development of faces, i.e. the 
complete symmetry possible with a particular form. 

Holtz Haohine {Ehct.) One of the first induction 
electrical machines of modem type; devised about 
1865. It consists essentially of a fixed glass plate 
carrying two paper inductors and a rotating plate. 
The paper inductors, charged respectively + and —, 
act upon the rotating plate, and the repelled induced 
charges are received by collecting combs and led to 
the main terminals, where they form the working 
discharge. The attracted induced charges are marie 
use of to maintain the polarity of the paper inductors, 
for which purpose two sector shaped windows are 
cut in the fixer! plate, through which a tongue of the 
paper prc^iccts to touch the rotsiting disc. This type 
of machine rerjuires an initial charge, and stops 
working when the main terminals are separated 
be 3 *onri the sparking distance. It is also much 
affected by atmospheric conditions. 

Bomatropine {Clu-m.) 
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The mandelic acid ester of tropin (r/.v.) It is used 
in the form of its hydrobromiile, a white crystalline 
solid, for diLnting the jiupil of the Its effect 

does not last so long anrl it is not so poisonous as 
atropine. 

Homberg’s Phosphoraz {Chem.) Fused calcium 
chloiide. This salt, when exposed to the sun’s rays 
for u time and then taken into a dark room, becomes 
phosphorcsr:cnt. 

Homberg’B Pyrophorns( r/icm.) Amixtureof finely 
divided curbun, }K>ta.ssium sulphide, and aluminium 
sulphate obtriincd by heating alum and charcoal to 
redne.ss out of contact with air. It becomes red hot 
on exposure to air. 

Home Work {Hyginut). Sec. 107 of the Factory 
and Workshops Act, 1901, requires that lists of “out¬ 
workers” in such classes of work as may from time 
to tlmo be spiH'ified by Special Order of the Secretary 
of State shall l>e kept by occupiers of factories and 
workshops and contractors employed by them, and 
shall be forwartlad twice yeariy, in February and 
August, to the District Council iu which the factory 
or workshop is situate. Every Council shall furnish 
particulars b.s to “ outworkers ” employed outside 
their district to the Oonncil of the district in which 
such workers are employed. By Sec. 108 the District 
Council is empowered to give notice to employers 
prohibiting work to be done on unwholesome pre¬ 
mises. This section applies only to persons employed 
in such classes of work as the Secretary of State 
may specify by Special Order. Beo. 109 prohibits 


the making, cleansing, or repairing of wearingappaiel 
where there is scarlet fever or smallpox, mo. 110 
prohibits home work in a house any inmate of wbiob 
Is suffering from a notifiable infections disease. Tfae 
work to which this section applies is the making, 
cleaning, washing, altering, ornamenting, finishing, 
and repairing of wearing apparel, and any work 
incidental thereto, and such other classes of work 
as may be specified by Special Order. 

Homooentrie {Photo.) A term employed in optics 
to signify that a lens is corrected for radial and 
tangential astigmatism of oblique pencils of light 
by the merging of the two focal lines into a single 
focal point. It is the aim of all modern anastigmatic 
lenses to accomplish this, in order to prevent the 
blurring of the image formed on the maigins of the 
focussing screen from this defect of astigmatism. 

HomogeneouB. Of uniform structure throughout. 
In engineering, etc., a perfectly homogeneous casting 
or forging is much stronger than one whose interned 
structure is not uniform. 

Homologous Series {Cfiem.) A series of organic 
compounds the members of which differ from each 
other by a multiple of CH... The hydrocarbons of the 
paraffin scries form an example. Another example 
is the following : 

COOH . coon.Oxalic acid. 

COOH. CH-. COOH . . . Malonic aoid. 

COOH.CHj.CHj.coon . . Kuccinioaoid. 

COOH . CH,. CH,. CH,. COOH . Glntaric aoid. 

Hone. A smooth grained stone used for giving a 
fine edge to sharp catting tools. Hones are generally 
some variety of slate or similar rock. 

Honey {Botany). The saccharine fluid secreted 
by glands (nectarines) in flowers. It undergoes 
certain changes within the stomach of the bee, and 
is afterwards transferred to the cells of the honey¬ 
comb. 

Honeycomb {Textile Manufac.) The term applied 
both to weave and fabric. It Ls a weave in which 
j there is strong contrast of fast and loose interlacings, 
giving to the fabric a rough and honeycombed 
ebar.-utter. 

Honeycombing {Eng.) Corrosion of boilers in 
the form of numerous pits or holes on the internal 
surface. 

Honourable Ordinaries ( Her.) The nine principal 
ordinaries. See HiiiiALDuy and Obdim ABIES. 

Hood {Eng.) The funnel-like cover over a forge 
which leads the smoke, etc., into the chimney. 

Hood Mould {Afohiteot.) A projecting moulding 
used in Gotluc work over 
the heads of doors and 
windows, following the 
curve of the arch. When 
used externally it serves 
the purpose of throwing 
off the rain; but it is 
also used, solely for 
ornament, in internal 
work. It is also kuowTa Hood Mould. 

as a Dripstone, 

Weather Moulding, and when square ir elevation 
as a Label. 

Hooked Joint {Carp, and Join.) A joint in the 
form of a hook. ITsed on the meeting styles of caae> 
ments and airtight cases. 
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Booln’t Joint A joint used to oonnect 

two lengths of rotating shafting which are hot in the 
same straight line. Each length termmates in a 
horseshoe shaped fork; the ends of each fork axe 
connected to the ends of one arm of an equal armed 
cross by swivel joints: if the shafts are in line, the 
plane of the cross is at right angles to the line of the 
shafts; when the shafts are not in the same straight 
line, the plane of the cross is inclined to either one or 
both shafts. 

Hooke’s Lav {Fhys.) Hooke discovered that if an 

elastic ” substance be strained or loaded in anj way, 
then, within certain limits of load varying with the 
nature of the substance used, the strains produced 
are proportional to the loads. The law is now usually 

expressed in the form = Constant, and this 

constant is knovm as the “ Elasticity ” of the 
stibstance. 

Hook Up, Hook Down (^Typog.^ The end of a 
line wliich is either bracketed in the line above or 
that below. 

Hoop Iron Thin bands of wrought iron 

■of thickness from 20 up to 12 B.W.C. See WiBE 
Gauges. Used for securing barrels, etc. 

Hoop Iron Bond. Thin strips of iron built into 
walls to tie the materials together. 

Hooter. A powerful steam whistle giving a deep 
note, med as a signal. A siren. 

Hope’o Eneriment iPhys.) A well known ex¬ 
periment to demonstrate the existence of anomalous 
expansion in water near its freezing point, and also 
to roughly ascertain the temperature of maximum 
density. Tire apparatus consists of a tall, rather 
narrow cylinder containing water at the ordinary 
temperature, and having holes at the side for the 
insertion of two thermometers near the top and 
bottom respectively, while around the middle of the 
cylinder is an annular receptacle for a freezing 
mixture. At first the temperature of the lower 
thermometer falls rapidly, while the upper one is not 
much affected. This goes on until the lower one 
reaches about 4® C., then it remains stationary, and 
the upper one begins to fall, until at length ice may 
form at the top. Evidently the water becomes denser 
during cooling until 4“ C. is reached, and then 
becomes less dense with further cooling. 

HopptfF. A funnel formed in the shape of an 
inverted cone or pyramid, used for feeding coal or 
other material in fragments into a furnace, etc. 

—— (1) The liead of a rain water pipe. 

^2) A certain form of closet pan. 

HoppCFFeed (Woollen Manitfac.) An automatic 
mechanism in which tlie wool is put, arid then con¬ 
veyed autonraticallj on to the feed sheet of the 
carder. This feed is also applied to other machines, 
such as the scribbler. 

Hops (Botany"). Humulut Ittpulue (order, JIfo- 
raeea). The plant is much cultivated in the south¬ 
east of England for brewing purposes. See Bbeb. 

Horizon (Aftron.) The interseiriiion of the celest^ial 
sphere by a plane through the eye of the observer, 
parallel to the surface of a liquid at rest (t.s. a 
horizontal plane). 

-f Artiflcial (Attron.) A level reflecting sur¬ 
face (s,jr. a dish full of mercury), used in &ding 
the altitude of a star when the natural horizon is 
hidden. 


HorisoBy OooIotfiiinL A term which has reference 
to the chronologic position of any rocks which 
have been formed at the same period of the Earth’s 
history, quite irrespective of their mode of origin 
or lithological character. Thus the desert-formed 
sandstones and marls of the English Trias are on 
the same geological horizon (or were formed contem¬ 
poraneously with) certain thick beds of dolomite of 
marine origin in Tyrol. In like manner certain 
volcanic rocks in Bcotland are on the same geological 
horizon as the limestones of Dovedale. 

Horizontal Engine. Anyenpne whose cylinders 
are horizontal, but usually applied only to stationary 
engines. 

Horizontal Force, Magnetic. The horizontal 

component of the magnetic force of the earth at a 
given place, important because it is the effective 
value acting upon a i-ompass needle. Ite value in 
London at the present time is about *18 0.0.6. 
units, i.e. *18 dynes per unit pole. 

Horn (Mmie), See MusiOAU lESTBUMBNTS, 
Wing (BkassI. 

-. See Waste Pbotjucts, 

Hornbeajn. See Woons. 

Hornblende (Min.) Silicate of iron, magnesium, 
aluminium, and calcium. It is one of the meta- 
silicalc.s, and is now considoredanaluminious variety ‘ 
of the species Amphibule (g.v.) It occurs in black 
monosymmctric crystals, and is an important rook 
forming mineral, which occurs in many gneisses, 
pegmatites, and eruptive rocks. It occurs along with 
Biotite in most of the Scottish granites and diorites, 
and is a common mineral in many of the andesites, 
porphyrites, and trachytes. 

Horn Centres. Discs of horn or celluloid placed 
on drawings to form a point of rotation for compasses 
w*hen many cindes hqvc to bo drawn from the same 
centre; the puncinring of the paper is thus pre¬ 
vented and the centre maintained in it.s proper ^ed 
position. The disc is usually provided with fine pro¬ 
jecting points, which keep it in place. 

Horn Lead (Min.) h synonym for PhoSGBKITB 
(q.v.) 

Homs (Carp, and Join.) The portion of the 
styles of framing projecting beyond the rails. 

- (Eap.) (1) In general any projecting part 

or point. (2) Tlie tips or corners of the pole pieces 
of the field magnets of a dynamo or electric motor. 

- (Zool.) See Waste Puoducts. 

Horn Silver (Min.) Bilver chloride, AgCL 
Silver = 75-3, chlorine = 24*7 per cent. Cubic. More 
often in ma.ssive forms witli a characteristic ivory 
lustre. It oticurs, rarely, in Cornwall and in tho 
Ilarz Mountain mines, but is sutficiently plentiful 
in South America to be a valuable ore of silver. Also 
in New South Wales. 

Horology. See Watchmakteo. 

Horse (Blast.) The wood backing of a zincmonld, 
nsed by plasterers for running mouldings. 

——(Plvmh.) A wooden finial, eta, forming a* 
core which is to be covered with lead. 

Horte-Brey or Barnacles (Her.) A kind of onrb 
used in breaking in horses; it presses on the animal’s 
nose. Used occasionally as a “ chMge." 

HoMe-GhestBnt. See Woods. 
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Hona-CbaitiiBt OB. Made from the frnit of the 
horee-cheetnat tree. The colour of the oil is greenish 
brown. It me; be need for burning and eoi^ making, 
4&d is said to poBsees ralnable medicinal qualities 
when used externally for gout, rheumatism, neun^gia, 
etc. 

Hoyw Dong (Fmmdry). Dsed to give porosity 
to loam, from which large cores axe made. 

Bnaan Fat. Varies in colour from very light to 
dark yellow, according to the part of the animal it 
is taken from. It is used as an adulterant for lard 
and in soap making. The sp. gr. at 16“ C. is 0-9180. , 

Honefleah (Faodg), By the Sale of Horseflesh, 
etc.. Regulation Act, 1889, the flesh of horses, asses, 
and mums must not be sold or kept for sale for human 
food except in a shop or stall over or upon which is 
placed, in conspicuous and legible characters 4 in. 
long, an announcement that horseflesh is sold 
there. The following characteristics of horseflesh 
servq to distinguish it from beef: (a) The muscle 
hbre is much coarser. (6) It is darker red in colour, 
often has a brownish tint, (c) After being kept a 
day or two it develops a peculiar odour, and has a 
velvety feel to the fusers, (d) Tlie fat is a deep 
yellow, and has a distinct odour from the first, (c) 
The ri^es and tuberosities on the bones arc bigger 
than on the bones of oxen. (/) Horseflesh is rich 
in glycogen; beef contains scarcely any. See Foods. 

Horn Gear. The device used for yoking horses 
to machinery. See BuDiiOOK tiSAU. 

Horsehair. Used for mixing with plaster to give 
increased strength, and with loam in foundry work 
to give porosity to cores. 

Horse Power {Fng.) The unit of power in 
.engineering; equal to IS3,000 foot pounds of work 
per minute. 

Hose. Flexible tubing of canvas, rubber, leather, 
etc., used for the conveyance of li liquid. 

Hose Coupling. Metal joints used for connecting 
two lengths of hose. The connection may be made 
by a screw thread or by some form of joint or clip, 
wliiob is more rapidly fastened. 

Hose Pipe Tyres (^Cyclee'). A colloquial expression 
for a single tube tyre. See Tyres. 

Host (,Botany, 2 opI.) An animal or a plant which 
has a parasite or commensal living upon it. 

Hot Air Engine (A’ay.) A form of motor now 
practically obsolete. Air is heated in some form of 
metal vessel, and supplied to a single acting cylinder 
■(with piston and valves somewhat like a gas engine), 
in which the expansion of the air produces the 
motion of the piston. 

Hot Metal (Eny.') Metal of any kind is said to 
be “hot” when it is at a temperature sufficiently 
high for some definite operation to be carried out. 
Thus a smith may say iron is hot when it is just at a 
welding or a forging heat, and not hot if below this 
temperature, though, of course, it is then extremely 
hot in the ordinary usage of the word. 

Hot Plate (^Build.) The top of a stove. 

' Hot Bolling (Print.) A process of drying and 
pressing by means of hot rolla 

Hot Short or Red Short (Met.) Iron which is 
brittle when hot, usually owing to the presence of 
sulphur. 

Hot Watw Syitem (llyyiene). A method of 
warming effected by means of hot water or steam 


circulating, In a system of closed pipes. The cirea* 
lation depends upon the water being hotteiv and 
therefore lighter, in the pipe through which it leav^ 
the boiler than in that which brills it back. Soma 
12 ft. of 4 in. pipe are required per 1,000 cubic feet 
of air space in dwelling rooms to give a temperature 
of about 66“ 

Hot Water Test (Bng.) Testing the jointe of a 
boiler by forcing hot water in under pressure. A 
boiler may not leak when cold, but the expansion of 
its joints may make it very leaky when hot; hence 
the importance of this test before any attempt is 
marie to get up steam. 

Hot Waves (Meteorol.) Waves of exceptionally hot 
air which travel over countries and raise the local 
mean temperature to a great extent. New York, for 
instance, suffers from them, being so situated that 
the hot winds reach the city after travelling across 
the whole of the United States, an area which be¬ 
comes greatly heated in midsummer. 

Hot Well (Eng.) The receptacle for the hot water 
and uondeuserl steam from the condenser of an engine. 

Hoar. See Weights akd Measures. 

Hour Angle (Astron.) The angle which the decli¬ 
nation circle* of any celestial body makes with the 
meridian. It may be reckoned in degrees, but is 
usually expre.sscd in time; e.g. if the hour angle is 
21 hrs. 36 min., it is meant that 21 hrs. 36 min. have 
elapsed since the star crossed the meridian. ^ 

Hour Circles (AHrmi.) Great circles of the oelesi- 
tial sphere which pass through the poles like the 
meridians of the earth, and are therefore perpen¬ 
dicular to the celestial equator. 

Household Soap. A term applied generally to 
all ordinary hard soaps that are used for domestic, 
household, or laundry purposes, and in contradis¬ 
tinction to toilet soaps, medicinal soaps, soft and 
industrial soaps (q.v.) See also Mottubd Soap, 
PuiMRoas Soap, Yellow Soap, White Soap, and 
Soap Manufactoek. 

House Marks (Typog.) Corrections to be made 
in proofs which the piecc-liand does not undertake 
to execute. 

House P ainting . This business is often carried 
on in connection with general building or plumbing, 
althoiq^h this is nut the case in the north of England 
and Scotland. The duties of the house painter include 
painting, paperhanging, distempering, staining, and 
graining; frequently sign writing, gilding, and mar¬ 
bling, and sometimes glass embossing are also carried 
on in connection with the business. Although tbe 
work of tho painter is essential to the proper finish 
of every icsidonco from a decorative point of view, 
and every other building from the point of preserving 
it by an application of paint, yet probably 76 per 
cent, of his work consists in cleaning and renovating. 
In painting new woodwork the constituents of the 
paint are varied according to the surface to which 
it is to be applied (see Paikt Mixing) ; but new 
woodwork is usually given four coats of paint. The 
first is called Pbimihg, and is applied after the 
surface of the wood has been rubbed down with 
sandpaper, and knots have been cove'od with shellao 
dissolved in methylated spirits or naphtha (termed 
Hnottimg), or silver leaf, to prevent the mnidation 
of resin. The priming coat is mixed with plenty of 
oil. so that it can penetrate tbe wood: freqnenUy a 
proportion of red lead is contained in it with patent 
driers (jf.v.), and it is thinned with raw lins^ oil 
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and turpentine. After the priming coat is dry, the 
work is Stoppbd; i.e. all nail holes and depres¬ 
sions are stopped with ordinary putty or white 
lead putty. The second, third, and subsequent coats 
aj'e then given, ample time being allowed between 
each to permit of thorough drying, and the surface 
is then rubbed down with sandpaper, so as to render 
it perfectly level. The basis or the paint mostly 
employed is white Icatl, whidi has long remained in 
use because of its body or property of masking 
or hiding the surface to which it is applied. The 
poisonous nature of white lead, however, is a serious 
objection to it, and zinc white is rapidly growing in 
favour. The various earth colonr-s (y.r.) or natural 
pigments, such as ochres, siennas, umbers, etc., are 
ai.so employed to a considerable extent. If the ba.se 
is white, it is usually necessary to add one or more 
colours to jiroduce the required tint. Sfic 1’aikt 
MixlKa. After three coats of paint have been given, 
the woodwork is sometimes varnished, although this 
is usually deemed unnecessary when the paint is pro¬ 
perly mixed. When a liat colour, or one without gio.s.s, 
is required, oil in the final coat is omitted, and 
turpentine is employed alone to render the paint of 
a suitable thin consistency. Flatted work on large 
surfaces, such as the wall of an apartment, posses.scs 
the ativantage of hiding inequalities of the surface 
much better than a glossy paint would. In this 
case the paint is usually stippled (j.?'.) In finishing 
line work, the bt:st results are usually obtained by 
applying several coats in the manner described, and 
finishing the la.st one flat or without gloss, finally 
varnishing the whole surface. This tends to prevent¬ 
ing blistering, while the finish is superior to that 
obtained in the ordinarj- way. In painting on plaster 
it is important that the surface be free from moisture; 
but four or five coats of paint are usually required 
in order to produce a satisfactory result, as the p]a.ster 
is ranch more absorptive than wood, and increased 
quantity of oil and tnrpenl me is necessary. In paint¬ 
ing on iron, on the contrary, a smaller proportion of 
thinners (g.r.) is required. tSfie Ikon Woek Paint¬ 
ing. Distempering is the art of painting in water 
colours. Distemper is made from pigments diluted 
with water, to which has been added some substance 
such as size to bind the particles of the pigments 
together. The pigment usually employed for dis¬ 
temper is whiting, which possesses considerable body 
when mixed with water, although very poor body 
when mixed with oil. The whiting is broken up in 
small pieces, and allowed to soak in water, and then 
stirred and broken up until of uniform consistency. 
Ordinary size melted, but not boiled, is then poured 
in ; and if the distomijer is to be coloured, the tint¬ 
ing colour is now added, and the whole thoroughly 
stirred up, and finally strained, when it is ready for 
use. The size must be of good quality, and only a 
little used, or the distemper will be apt to flake. 
Before the distemper is applied, it is usual to give 
plaster or other work a coat of clairecolle (y.v.) to 
prevent absorption. Tlie application of dintemper 
requires some practice to prevent laps and streaks 
showing and to get the surface uniform. Some 
colours cannot be used for distemper, as the whiting 
destroys them. The following is ^ list of the colours 
«which may be safely employed for this work; 
Yellow ocilre, sienna, umber, Vandyke brown, cad¬ 
mium yellow, vermilion, red lead, Venetian red, 
Indian red, ultramarine blue, chrome green, emerald 
green, and all black pigments. The custom in many 
parts of the country in distempering a ceiling is to 
add a little ultramarine blue or black, in order to 


get rid of the yellow cast. IHiis practice, however, 
is not to be recommended. If a perfeotly white 
ceiling is required, a little blue may be added, pro¬ 
vided that the surface of the walls is blue. In other 
ca.ses the rule is to add to tho white washable dis¬ 
temper a little of the same colour as that which 
prevails on the wall. This renders the surface of 
the ceiling apparently quite white. Of lat^ years 
the use of washable distempers has increased enor¬ 
mously. Those are distemper colours, sold ready for 
use or requiring only the addition of water. They 
are made in a large variety of colours, ranging from 
the most brilliant red down to pale yellowy greens, 
and greys, and include in their composition size, 
casciii, or other binding material which renders them 
washable after they have been on the wall fta- some 
weeks. In interior decoration this class of paint is 
rapidly increa.sing in use, and a wall finished in some 
of the*bright colours has a finn and pleasing appear¬ 
ance, much more satisfactory than wallpaper, and 
much more durable. Srr aUo Relief Dbcobajion, 
Varnishing, Marbling, Graining, Paper Hang¬ 
ing, Wallpapers, Painters’ Brushes. 

Houses Let in Lodgings. By Sec. 94 of the Public 
Health (London) Act, 18‘.>1, sanitary authorities are 
empowered to make byelaws: («) for regulating 
the number of persons and separation of the se.\es 
in a hou.se or jiart of a house let in lodgings; {by 
for the registration and inspection of such houses; 
(r) for diainago, cleanliness, and ventilation; (d) 
for clcan-sing and limewashing at stated times; (e} 
for taking precautions in case of infections disease. 

Hft iiaiiig ( Carji. and Jmn.') A form of joint where 
tho whole thicknes.s of one piece is lot into another 
piece. The enfis of the treads and risers of a siairciise 
arc housed into tho wall string {q.v.), i.e. the ends 
of these boards are fitted into grooves cut in the 
stJ'itig. 

H,P. {Eng.) The symbol for horse power (g-v.) 

Hubs ( ('gc/ey. See Cycles. 

Huckaback (^('otton Manufae.) A standard weave 
for giving a rough feel and appoaranoe to a cloth, 
wliich, however, is firmh' bound. Used for towels, 
etc. 

- (^Linen Marnfac.) This is an old standard 

pattern used for towellings. It is a mixture of plain 
cloth and a lit tie float, which gives the cloth a fine 
spot appearance with a mugli surface, and makes 
it specially suited for the purpose for which it is 
intended. 

Huddlestone Stone. Sec Building Stone. 

Hue {Dec.) A word used as a qualifying term in 
connection with colour; thus, if two crimsons are 
compared, one of them may l>e said to have a redder 
Inie titan the other. Strictly speaking, hue is the 
result of compounding two or more colours, which 
thus form hues of the i»arlicnlar colour which pre¬ 
dominates, The word hue is frequently employed 
as a synonym for colour, 

- {Light). The true tint or colour of light. 

See Colour. 

Humerus {Zeolngy). The large bone of the fore 
limb. It articulates with the shoulder girdle, and at 
the other extremity with the RADIUS and ULNA (f.c.) 

Hnmett^ (7//^.) An ordinary “couped" so that 
it dfHJS not extend to the edge of the shield. Used 
chiefly of a fesse. 

Humidity {Meteorol., Phy».) The humidity of the 
air is the amount of moistnre which it contains. 
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The three temui often used in speaking of atmo* 
spheric moisture are: (1) Absolute Humidity, the 
actual amount of water contained (in the form of 
vapour) in a given volume of air. (2) Rblativb 
Humidity, the ratio of the amount of moisture 
actually present to the amount necessary to cause 
saturation. (3) Dew Point ((?.».) 

Hifinonr, Aqueons. The fluid filling the smaller 
anterior chamber of the eye, between the cornea and 
the crystalline lens. 

■*—, yttpeoas. The delicate jelly-like substance 
filling the larger posterior chamber of the eye, 
between the crystalline lens and the retina, 

Hondredweight. See Weights and Mkasubes. 

Hang (^Cat-p amd Join.') A term denoting that a 
door is fixed on hinges. 

Hunter’s Moon (Aetmn.) llie full moon following 
the harvest moon {(/.v.) rises in a manner similar to 
the latter; the i)eculiarity, however, is less noticeable 
than it is in the case of the harvest moon. 

Hunting Variations of speed of an engine 

when the governor is not <-ontro]ling it elEciently, 
i.e. when the grivernor is slowing the engine down 
and it goes on lo.sing .speed too long; when the 
governor is acting so as to increase the speed, and 
the speed goes on increasing bejond the proper 
anioant. Under these circumstances the governor 
requires alteration. 

Hunting Cog {Eng.) The provision of an extra 
tooth (the liunting Cf>g) in a toothed wheel, so that 
the number of teeth on the wheel is not an exact 
multiple of those on the pinion. This prevent.^ the 
same set of teeth from coming continually into 
contact, and equalises the wear. 

Hurricanes {Mctcorol.) Wlicn cyclones in the 
torrid zones reach their greatest development they 
arc called by this name. These atmospheric whirls 
vary from a few miles to several Imudreii miles in 
diameter, and arc accomi>anicd by great violence of 
wind and torrential rainfall. Frequent in the West 
Indies. 

Hyacinth {Min.) A transparent red variety of 
XlKCON Iq.r.), used as a gem. See algo Cinnamon 
Btone. 


Hyalite (Min.) A colourless glassy variety of 
t>paf (y.?*.), occurring as a mammillated incrustation. 

Hydra (Her.) A fabulous heraldic beast. A 
dragon wi(.h seven heads. 

Hydracrylic Acid (Chem.) 

CH,OH 

CHj (/8-oxypropionic acid, or /3-lactic acid). 
COOH 

A syrupy liquid having properties both of an acid 
and an alcohol: it is isomeric with lactic acid. It is 
obtained bv boiling acrjdic acid with dilute caustic 
soda: CH.:^CH - COOH + H^O=CH^OH. CH,.COOH. 
Also ethylene as follows: 

CH, CH,C1 CH,v 

II “> I t yO 

CH, HOCl CH,OH KOH CH/ 


CH,OH 

“> I 

HCN CH,CN 


Dilute 

Acid. 


CH,OH 


CH, 

iooH. 


Hydramine (Photo.) A name given to a substance 
formed by mixing togetlier hydroquinone and paia* 
diamidobenzene, 0,H.(HH,),. It crystaUises in thin 
plates which are slightly soinble in cold water, but 
more easily in presence of sodium sulphite, and still 
more so with caustic alkali. It wUl develop an 
image by itself when simply dissolved in water. 
Caustic lithia, however, is usually employed with it 
as wall as sodium sulphite. The following formulas 
is recommended : Hydramine, 2-16 grains; sodium 
sulphite, 13*4 grains; caustic lithia, 1-25 grains ; 
water, 1 oz. 

Hydrant. A stand pipe connected to a water 
main, and intended to afford a supply of water in 
case of fire. 

Hydrargyrum (Chem.) The Latin name for 
mercury. From it is derived the symbol for mercury, 
Hg. Mbbcuby. 

Hydrastine (Chem.). C„H,,KOj. A well crystal¬ 
lised (rhombic prisms) alkaloid, occurring along with 
berberine in Hydrast 'io eanadineis. Melts at 132®. 
It is Imvorotatory in chloroform solution. When 
administered it contracts the blood ves.sels. It is the 
active principle in the alcoholic extract of the 
hydrastis root used in medicine. The constitution 
of this alkaloid is known, but i.s too complex to be 
given here ; it is an isoquinoline derivative. 

Hydrated (Chem., Min., etc.) Combined with (or 
in some cases mixe<l with) water. 

Hydraulic Accumulator (Eng.) A reservoir in 
the form of a large vertical cylinder, furnished with 
a heavily loaded piston. Water forced into the 
vessel by means of powerful pumps is maintained at 
a constant pressure, wliich is determined by the 
amount of load on the piston. 

Hydraulic Belt (Eng.) A belt of some porous 
material, driven at a very high speefi, with one part 
dipping into water. The belt “ licks up ” the water, 
and a layer of water adheres to the belt and can be 
r.-iiscd tv> a high level, thus serving as a pump which 
has no valves or passages liable to be choked up by 
impurities. 

Hydraulic Crane (Eng.) A crane in which the 
chain is moved by a hydraulic press or ram. The 
powerful short stroke of the ram is converted into a 
long movement of the chain by an arrangement of 
pulley blocks. 

Hydraulic Leather. A Cup Leathbb. See 
nyORAtTLlC J’BBSS. 

Hydraulic Lime (Bidld.) Lime that is capable 
of setting under water. See Cements. 

Hydraulic LimcBtone (Oeol.) Any limestone 
whose composition fits it for the manufacture of a 
cement which will set under water. See algo 
Cements. 

Hydraulic Machinery (Eng.) A term applied to 
presses, rams, etc., whicli arc worked by water forced 
in under pressure. The pressure us maintained by a 
reservoir at a high level, or a hydraulic accumulator 
(q.v.), into which the water is forced by a pump 
worked by an engine. 

Hydraulic Main (Gas Manufac.) See GAd< 

Manueactubb. 

Hydraulic Mean Depth. The hydraulic mean 
depth of a pipe of any shape equals the sectional 
area of the current of fluid divided by the wetted 
perimeter. In circular pipes it is always one-fourth 
of the diameter; in pipes of oval or elliptical 
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section, each as ogff<«haped^wers, it varies according 
to the level of the uqnid flowing ^ them. 

Hydnolie Motsr {JEng.') A small engine driven 
by water nnder piessare. It may be either of the 
reciprocating type, with cylinder and piston, or some 
form of turbine Qi.r,') 

Hydraulic Press or Ran. Most bydranlic 
machinery depends for its motion upon a cylinder 
which is of one well marked type, shown in the 
lllastration (fig. 1). A heavy 
casting A forms the cylinder, 
bored out at b to make a 
smooth fit with the Bam or 
piston O. This piston carries 
the Hkad i>, which possesses 
a broad flat surface if used for 
raising weights or for com¬ 
pressing any material. At E 
the cylinder has a channel 
bored out in the metal, and 
this channel contains the Cup 
Lkatheb shown in section in 
2. The water forces this 
leather into close contact with 
the inside of the channel E 
and the ram c, thus making a 
watertight joint. Water enters 
at F, l^ing forced in by a 
pnmp, or from a reservoir or 
accumulator, in which it is stored under pressure. 
If the ram is required for working a crane, the head 
D is re]>laced by a set of pulley blocks, over which 
runs a chain so arranged as to 
multiply the motion of the 
ram to any extent required. 

For example, the motion may 
be multiplied four times, so 
that if the ram move 1 ft. the end of the chain moves 
4 ft. The head D may carry <lie.s used in shaping 
metal, either cold or hot, thus forming a IIvdsaolic 
Fobqutg 1*bes 8. It may be connected directly to a 
lift, forming a Htdbaulic Lift, in which case the 
cylinder is elongated so as to have a length of stroke 
equal to the height of the lift, or else the lift may 
be raised by tackle similar to that of the hydraulic 
crane. This arrangement is often termed a H vdkau- 
Lio Hoist. A small press for raising w'eighls is 
termed a Htdbatjlic Jack, and is often portable, 
being driven by a hand pump. The tubing F is usually 
a thick walled pipe of iron or steel, often called 
HYOttAtTLxe Tube, even when used for other purposes. 

Hydraulics {Eng.) The science dealing with 
liquids in motion, in connection with their useful 
application, as ^stinguished from hydrodynamics 
ig.v.) 

Hydrazine (Chem.), (Diamide). Pro¬ 

bably a gas; best known as the hydrate NyH,. H^O, 
a coiourless, fuming liquid. Boils at 118° at 7.89 mm. 
When heated the hydrate attacks glass, and destroys 
oork and rubber. Powerful reducing agent; strong 
diacid base. Prepared from aminoguanidine, 

= {tee OUANIDINK), by boiling with 

strong caustic soda solution, and adding sulphuric acid 
to cooled solution to obtain hydrazine sulphate. The 
latter compound is distilled with caustic potash 
•olution in silver retort with silver condenser. 

Hydradnez {Chem.) Substitution products of 
trydnssfine, but they are not formed as a rule directly 
from hydrazine; eg. hydrazobenzene (;.«.) is sym* 


n n 
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metrical dipbenylhydrazlne. See aZto PHSunrif- 

HTDRASIKB. 

HydraiobeiuniM {Chem.), . NH , 0 A. 

Colourless leaves; melts at 181*^; oamphorutce 
smell; oxidised in moist air to azobenze; insoluble 
in water; soluble in alcohol and in ether. Strong 
acids convert it into benzidine {q.v.) Oa redimtion 
it yields aniline. It may be prepared by reduction 
of nitrobenzene (a) by zinc dust and caustic soda 
solution; (6) by electrolysis, using copper cathode 
and lead anode, the former being immersed hf an 
alcoholic solution of nitrobenzene oontaining a little 
sodium acetate, and the latter in a porous pot oon* 
taining strong sodium carbonate solutiDn. 

Hy^azoic Acid {Chem.') Azoiuidb ($[.«.) 

Hydrazonez {Chem.) Compounds formed from 
organic substances of various classes which contain 
the carboxyl group (— CO —) by union with 
phenylhydrozine and elimination of water. Thus 
aldehydes and ketones of every kind form hydra- 
zones, and their formation is used in' deciding 
whether a substance i.s an aldehyde or a ketone. 
Examples of the formation of hydrazones are; 

CH, CH, 

I I 

CO H-H.N.NIlCaHs = C:N. NHC.Hj + H,0 

P&cnylhydTuzine. 

H 

Aldehyde Hydrazone. 


CH, CH, 

(io +H,N.NHCeHi « i:N.NHC,H5-h H,0 
OH, CII, 

Acetone Hydmzone. 

These two hydrazones are (.Tystalline solids. The 
hydrazones revert to their con.stitaents when heated 
with dilute acids. They readily form heterocyclic 
compounds with loss of ammonia; then if acetone 
hydrazone be heated with zinc chloride we have t 


CH, 


CrN.NHCaria 

CIIs 


CH 

CH,.C^^C,H, + NH, 
Nil 

a-Hotbyl Indole. 


For another example of a hydrazone tee Ethyl 
Acetoacbtath. The dihydVazones are called 
osazunes {q.v.) 

Hydrides {Chem.) Compounds of two elements, 
one of which is hydrogen. Tiie non-metallic hydrides 
are gases or liquids, e.g. 11,0, HCl, NH,; the 
metallic hydrides are solids, usually unstable. 

Hydriodie Acid, Hydrogen Iodide {Chem.), HI. 
A colourless gas; pungent odour; liquefies at CP" 
under a pressure of 4 atmospheres; solidifies at 
— S5°. The gas is 4-4 times heavier than air : much 
more readily decompo.sed by heat than cither hydro¬ 
chloric or hydrobromic acids. It is also decomposed 
by sunlight. It is very soluble in water, the solution 
forming a strong' acid, and, unlike the two acids 
jo-st mentioned, it dissolves sil-ver. The solution is 
decomposed by sulphuric acid thus: 

2HI + H,80, = I, + 2H,0 + SO,. 

The strong solution is much used as a reducing agent 
in organic chemistry. Thus it rednees iodoform to 
fmcthylene iodide, CHI, + HI +1,, and tar¬ 

taric acid to malie acid, and then to sumnic acid 
iq.v.) The acid is prepared by precisely similar 
methods to hydrobromic acid (q.v.) Its Salts are 
called iodides (inorganic) or hydnodides (oiganio). 
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ttydvebvaiBlo Addi Hydr^ia BMHnlde (£%«»>.), 
HBr. A coloorleas gas; imtating smeU; fnm«s 
in air; Uquefies at —69°. Very solnble in water^ 
forming the ordinary hydrobromio acid eolation, 
’which has rimilar properties to hydiochioric add, 
bat is decomposed by ttrong ealphoric acid, 

+ 2HBr - 2H,0 + SO* + Br,. 

It may be obtained by passing hydrogen and bromine 
vapour over heated platinum; by action of sulphnr 
(Uwde npon bromine in water (reverse of equation 
£pven above); by dropping bromine into mixture 
of water and amorphous phosphorus, and passing 
the gas evolved over moist amorphous phosphorus 
to remove bromine vapour. 

P + 6Br + 4H*0 =» uHBr + H,PO,. 


Hydpoaapboni. Compounds of carbon and hy¬ 
drogen. The possible number of these compounds 
is infinite; the known number is very large. To 
undersCand how it is that carbon can form an un¬ 
limited number of compounds with hydrogen, it 
must be remembered that the carbon atom is 
tetravalent, that is, it has the power of combining 
with four atoms of hydrogen or three atoms of 
hydrogen and one other atom or group equivalent in 
combining value to one atom of hydrogen, and so 
on ; that carbon atoms have a unique power of com- 
bining with one another, and that they can do this 
in three different ways, viz. two atoms can combine 
together with one combining.unit of each, giving 
what is called the gingle Uniting, or with two com¬ 
bining units of each giving the double Unking, or with 
three combining units of each giving the treble 
linking. The following classes of hydrocarbons 
exist:— (1) Open Chain ITyduocabbons : (a) Sat¬ 
urated, (b) Uusaturated. (2) Closed Chain Hydbo- 
CABBONS or Cyclic Hydbocabbons. In the first 
class the carbon atoms are so united that they do not 
form a closed figure or ring. The saturated hydro¬ 
carbons of this class are called paraffins (q.v.) ; they 
may all be reganled as derived from the first member, 
methane, CH,. Suppose two hydrogen atoms are 
removed, one from cm h of two molecules of methane, 
and the residues united, wc get the next member. 


ethane, CjH,, 


CH, + CH, 



CH, - CH,. 


This process can be repeated indefinitely. The 
member next to ethane is propane, C,Hg. If it is 
written CH,. CHj. CH„ we see that two different 
hydrocarbons will result, at'cording as we now replace 
a terminal hydrogen atom by CH, or a central 
hydrogen by CH,, thus : 


CH,. CH,. CH, . CH, 


CH,. 

on/ 


cn , CH,. 


The compounds so produced are different, but both 
have the formula C,H,(,. The first is called butane, 
and the second isobutane. As we pass up the series 
the number of hydrocarbons having the same empirical 
fonnola, but different constit\itional formulae iucrease 
very rapidly. There are 802 hydrocarbons of the 
fonnnla C„H,g. These hydrocarbons are cafted 
saturated, because every ci^on atom is united to 
its maximum number of hydromn atoms, and the 
carbon atoms are “ singly linked"’ together. If from 


two molecules of ineth|ne we take away from each 
two hydrogen atoms raid unite the testdoM that: 

H, CH, OH, 

H,lCH, fiH, 

we have the unsaturated hydrocarbon ethylme, 
C,H,. It is called unsaturated because eadi carbon 
atom has the power to unite with one hydrogen atom 
to form the saturated hydrocarbon ethane; also its 
carbon atoms are said to be “doubly linked.” A 
series of hydrocarbons can be derived from ethylene 
by the same procedure as the paraffins are derived 
from methane : they are called olefines (;.e.) In a 
precisely similar way the acetylenes (jf.r.) arise. 
The closed chain hydrocarbons have their (^bon 
atoms Joined in such a way as to form a closed figure 
or ring. In the hydrocarbon hexane, CH,. (5 bL . 
CH,. OH, . CH, . CI^ if one bydri^en atom be 
removed from each terminal carbon atom these 
will unite, and the six carbon atoms form a ring, 
_ hexaraethylene (if.®.) This com- 

pound,is a derivative of benzene 
per ( 9 ’.®.), in which the carbon atoms 
are known to be nnited in a ring. 
Tbo number of these (^dio hydro- 
H C CH is very large. For exam- 

* ’ ples,rtfeTHIMETHYLENH,BHNZENa, 

CH, Kaphthalbnb,'Antheacenh. For 

simplicity we have spoken in what 
has gone before of the removal of hydrogen atoms; 
in fact, this is done indirectly. Halogens are first 
introduced, generally bromine or iodine, and these 
removed by sodium or other appropriate reagents. 
See Pabaffinb, Olefines, Acbtylbnbs, and tdso 
Foods. 

Hydrocarbons, Native ( Geol.) A general term ap¬ 
plied to coal, lignite, brown coal, oil shale, and other 
carbonaceous deposits of sedimentary origin, as well as 
to any of a large series of hydrocarbon compounds 
of somewhat more definite chemical composition, 
which occur in the mineral state. Amongst these 
may be instanced amber, petroleum, aspbaltum, elastio 
bitumen, jet, etc. 

Hydroohlorio Add (Chem.'), HCl. Also termed 
Hydeogen Chlobidb, Spirits of Salt, Mubiatic 
Acid. A colourless gas with keen acid smeljk 
liquefies under a pressure of 40 atmospheres at lOr; 
solidifies at — 115°. The dry gas and the liquid are, 
chemically speaking, very inactive—do not redden 
litmus nor attack metals. The gas is very soluble 
in water: at 0“ and 760 mm. 1 volume of water 
dis.solves 503 volumes of hydrogen chloride, or under 
the same conditions 1 gram o£ water dissolves 
•825 grs. of the gas. The moist gas or its solution ^ 
in water behaves as a strong acid. See AciD. !nie ^ 
gas is partly decomposed (dissociated) above 1500°; 
when not perfectly dry, it is decomposed by sodium, 
giving half its volume of hydrogen. To obtain it on 
the large scale common salt is heated with sulphuric 
acid. See under Alkali. In the laboratory it U 
prepared by heating common salt with sulphuric 
acid in a glass flask, and passing the gas evolved 
through a small quantity of water to wash it, 
NaCl + H,SO, => NallSO, + HCl. The gas oari be 
dried by passing it over calcium chloride or through 
concentrated snlphuric acid. It is also product 
when any chloride (except silver chloride and mer¬ 
curic chloride) is heated with sulphuric add; when 
chlorine acts upon hydrocarbons, foiming substitution 
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prodnctB, e.g, CH, Cl, »<= CH,C1 + HOI; and when 
bjdrogcD and chlorine (not absolutely dry) are mixed 
together in equal volumes and exposed to a bright 
light. In the latter case, if the illumination is 
momentary only, a sadden expansion occurs, and 
the mixture recovers its original volume (“Draper 
effect"), only a trace of hydrogen chloride being 
formed. Its salts are called chlorides in inorganic 
chemistry; hydrochlorides in organic chemistry. 

Hydroeyi^c Acid, PruBsic Acid iChem.), HCN. 
Colourless liquid, said to have smell of almonds; 
but people differ enormously in their sensibility to 
the smell. Boils at 26°; solidifies at — 15°; one of 
the most poisonous substances known; bums with 
violet flame; mixable with water in all proportions, 
contraction occurring. On keeping, the dilute acid 
undergoes hydrolysis (g.r.), forming ammonium 
formate and other substances: 

HCN + 2H.p = HCOONH,. 

It occurs as a product of hydrolysis of the glncoside 
amygdalin (g-e.) Oil of bitter almonds prepared 
from this substance may contain in a crude state up 
to 16 per cent, of the acid. The acid is prepared 
by distilling potassium ferrocyanidc with dilate 
sulphuric acid: 

2K4Fo(CN), + 3HpO,= K^Fe. Fe(CNX + 6HCN. 

If the acid is required anhydrous it can be dried 
over calcium chloride. The British Pharmacopoeia 
acid is 2 per cent, hydrocyanic acid. The salts are 
called Ctanipks, 

Hydrodynamics. The purely theoretical science 
dealing with the motion of fluids. 

Hjrdrofevricyanio Acid (r/<m.), HjFe(CN>j. 
Shining brownish green needles; soluble in water 
and in alcohol; insoluble in ether; it is unstable. 
Obtained by adding sulphuric acid to lead ferri- 
cyanides, or by adding concentrated hydrochloric 
acid to a cold saturated solution of potassium fern- 
cyanide. It is doubtful if the pure acid has been 
obtained. Its salts arc called FKRBicnrANiDKS. 

l^droferrooyanlc Acid {Chem.'), TI,Fe(rN)g. 
White pearly leaflets; soluble in water and in 
alcohol; insoluble in ether. It is a strong tetrabasic 
acid ; decomposes on heating to 400° 0. into hydro¬ 
cyanic acid and the compound H . FefCN),. It is 
obtained by saturating a concentrated solution of 
potassiiim ferrocyanide with ether, and adding excess 
of hydrochloric acid. The precipitate obtained is 
repeatedly dissolved in water and precipitated by 
ether. Its salts are called Febiiocyanidbs. 

Hydrofluoric Acid TTF. A colourless 

liquid; Iwils at 10-6°; fumes in air. 3’he fumes are 
very dangerous if' inhaled: the liquid causes sores if 
dropped on the skin. It does not attack glass if 
perfectly anhydrous ; but the presence of a trace of 
water causes it to do so with great avidity. On this 
account the strong acid is kept in platinum vessels ; 
the dilate acid can be kept in guttapercha bottles. 
The action imon glass is a.s follows: The silica gives 
silicon tetrafluoride (a gas) ; the sodium and calcium 
are converted into fluorides. 

8iO, + 4HF = 8iF, -h 2H„0 
Na,0 + 2HF = 2NaF-h H,0 
CaO + 2HF - CaF, + H,0 
The vapour density of the acid is two and a half 
times the normal, just above the boiling point, but 
becomes normal at 90°. The anhydrous acid is 
prepared by heating acid potassium fluoride 


(HF. £F) in a platinum retort with a condenser and 
receiver of the same metal, a freezing mixture being 
used to condense the acid. The dilate acid is 
obtained by heating calcium fluoride (fluotspoT) 
with sulphuric acid in a lead apparatus. The acid 
is used for etching on glass. The salts of hydro¬ 
fluoric acid are called Fluobides; most metallic 
fluorides are soluble in water; only those of the 
alkaline earths are insoluble, and are obtained by 
dissolving the carbonate in hydrofluoric acid, or, in 
case of the insoluble fluorides, by precipitating a 
soluble salt of the metal with a soluble fluoride. 
Calcium fluoride is insoluble in water, while the 
other halogen calcium salts are very soluble. Silver 
fluoride is soluble, while the other halogen silver 
salts are insoluble. 

HydroflaosUicic Acid CChem.), H,jSiF,. Only 
known in solution ; the strong solution fumes in air. 
It is prepared by dis-solving .silica in hydrofluoric 
acid or by pa.ssing the giis silicon tetrafluoride into 
water and flltering from the gelatinous silicic acid 
formed at the same time, SiF. + 411,0 = HjSiFg + 
H,SiO,. It is occasionally u.sed as a test for potas¬ 
sium and for barium, as solutions of the salts of 
these metals give colourless precipitates with hydro- 
fluosilicu! acid; viz. KjjSiF,, potassium silicofluoride 
and BaSiF,., barium silicofluoride. Potassium silico¬ 
fluoride is used in tlie prejiaration of Silicon (if.v.) 

Hydrogen (Chem.), H. Atomic weight, 1. A 
colourless odourIes.s gas; the lightest substance 
known; very slightly soluble in water; when lique¬ 
fied the liquid boils at — 265° C., and the solid melts 
at — 257° O.; the specific heat of the .solid (obtained 
by calculation from latent heat of evaporation) is 
about 6, which is higher than that of any known 
substance. It readily unites with o.xygen tc» form 
water, and tlio union is accompattied by evolution 
of much heat. Thus wlicn a mixture of 2 volumes of 
hydrogen and 1 vtjlumo of oxygen is burn<!d, we have 
the intensely hot oxyhydrogen flame; when hydrogen 
burns in air the flame is not so I'ot. on account of 
the diluting action of the at'uo.spheric nitrogen. 
Hydrogen combines readily 'vith chlorine to form 
hydrogen chloride—.another reaction which gives rise 
to much beat. Neither of these actions takes place 
if the gases are ab.soJutcly dry. On account of 
these reactions hydrogen is called a strong reducing 
agent. &‘e Hedlction. Thus, when pas.sed over 
certain metallic oxides boated to redness, it unites 
with their oxygen, and the metal is set free; e.(/. 
CuO, PbO, HgO. When passed over heated feme 
chloride, it gives ferrous chloride and hydrochloric 
acid gas, FcCl, -t- II = Fed, + IICl; or if zinc and 
hydrochloric tadd are a<lded to a solution of ferric 
chloride, the hydrogen which w<juld be set free from 
the zinc and hydrochloric acid removes chlorine 
from the ferric chloride, producbig ferrous chloride. 
This is an example of the use of N abcent IItdbouen ; 
the hydrogen in this case reacts when it is in the 
ionic {see Ions) condition, that is before the hydrogen 
atoms have had time to form the stable hydrogen 
molecule. Hydrogen occurs to a minute extent free 
in the atmasphere, in a state of combination in 
water () part by weight), in all acids, and in all 
naturally occurring organic substances. It may be 
obtained : (1) By decomposition of water acjdified 
wi^ sulphuric acid by a current of electricity. 
(2) From water by the action of metals such a.s 
sodium, potassium, or calcium, which decompose 
water at the ordinary temperature, 2K -h II,0 ■■ 
2£OH + or by passing steam over iron, magne- 
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slum, and oert^ other metals heated to redness, 
Hg ■¥ HgO » MgO •¥ H,. (3) Bj the action of acids 
(except nitric acid) on some of the commoner metals, 
such as dno, iron, tin (not copper or load), Zn + 
2HC1 =» ZnClj + (4) By heating alumininm or 

zinc with caustic soda solution. Hydrogen is used 
in filling balloons and airships, and in the oxyhy- 
drogen flame. See OxrHYDBoaBN Flams and 
Light. Acids are often called hydrogen salts; e.g. 
nitric acid is sometimes called hydrogen nitrate; 
sulphuric acid, hydrogen sulphate; and so on. 

Hydrogen Chloride This name is gener* 

adly used for hydrochloric acid gas. See Hy 0RO- 
oHLoBio Acid. 

Hydrogen Dioxide iChem,') Htdboobk Pbbo.x- 

IDJB (y.w.) 

Hydrogen Disodinm Phosphate {Chrm.) The 
common phosphate of sodium. See under tSoDlUM 
Compounds. 

Hydrogeninm {Chem.) When palladium is heated 
in hydrogen it absorbs 930 times its own volume of 
the gas, and increases about 10 per cent, in volume. 
The name hydrogenium has been given to this 
absorbed hydrogen. The spccilic gravity of hydro¬ 
genium has iKicn calculated to be '62; this value is 
eight times that of liquid liydrogcn. 

Hydrogen Monoxide ( Chem.) Water (y.®.) 

Hydrogen Nitrate (f-Vnv/i.) Nktric Acid (y.r.) 

Hydrogen Peroxide, Hydrogen Dioxide {Chem.), 
HjOy A colourless liquid ; when pure it is about 
half as heavy again as water; it freez<!s at a very' 
low temperature. The p\irc substance easily decom¬ 
poses into water and oxygen; on complete dec.om- 
position it yields about f)(K) times its own volume of 
o.vygen. Hydrogen peroxide is usually sold in two 
strengths, "20 volume’’and “ 10 volume,’’ meaning 
hydrogen pcroxi<le of such strength tliat the first 
gives 20 times its own volume of oxygen when 
heated, and the second 10 times its volume. 
Hydrogen peroxide is stfluble in ether, t'n account 
of the case with which this sub.stancc yields oxygen, 
it is a powerful oxidising agent {see OXIDATION) : 
thus it converts metals such as iron and magnesium 
into the hydroxides; it oxidises many lower oxides to 
higher oxides, as sulphur dioxide to sulphuric acid, 
arsenious oxide to arsenic acid, the action in the 
case of metallic oxides taking place in alkaline solu¬ 
tion ; it oxidises lead .sulphide (black) to lead sulphate 
(white), hence its use in restoring oil paintings; it 
oxidises many organic substances, Lcncc its use in 
bleaching hair, silk, ivory, etc., and as a dentrifice. 
With ozone and silver oxide a reduction occurs; 

ELO, + 0, = HgO + 20,; 

Ag,0 -s H,0., = H,0 - 4 - 2Ag + 0,. 

A number of finely divided and dry solids resolve 
hydrogen peroxide into water and oxygen without 
apparent change themselves; such are carbon, 
platinum, manganese dioxide. Hydrogen peroxide 
occurs in small quantity in the atmosphere. It is 
formed when a burning jet of hydrogen is allowed 
to impinge on a surface of ioo cold water. It is 
usually prepared by adding barium peroxide gradmdly 
to cold dilate sulphuric acid, always keeping 
the latter in excess; the excess of acid can be 
removed by baryta water. The insoluble barium 
sulphate is filtereti off, and the peroxide concen¬ 
trated over Bxdphuric acid under reduced pressure. 


See also BODIUM DIOXIDS. The two best tests for 
hydrogen peroxide are: (1) It liberates iodine from 
potassium iodide, HjO, + 2SLI => 2EOH -i-1,. (2)4In 
adding chromic acid and then ether, the ether Is 
coloured blue. 

Hydrogen Phoaphide, Another term for phos- 
phoretted hydrogen. See under PHOSPHOBira Com¬ 
pounds. 


Hydrogen Solphate {Chem.) Another name for 
SuLPHUBic Acid {q.v.) 

Hydrogen Sulphide {Chem.) Another name for 
sulphuretted hydrogen. See under Sulphuk COM¬ 
POUNDS. 


Hydrolysis {Chem.) The resolution of certain 
classes of organic compounds, such as esters, amides, 
and nitriles, into two simpler compounds by the 
fixation of the elements of water. When ethylacetate, 
for example, is boiled with water it yiehls alcohol 
and acetic acid, and the change may be supxwsed to 
take place thus; 


CH, 

CO + HOH 


CH, 




CH, 


vOH 

XOH 


=C 


/OH 


+ C.£,0H. 


6c,il . OC,Hj 
Similarly acetamide gives acetic acid and ammonia: 


CH, 


CIT, 


CH, 


1 ' I /OH I /OH 

CO + HOH = a \OH = 0 \ + NH,. 

I I o 


NH., NH,, 

The rate of hydrolysis is greatly accelerated by the 
presence of an alkali such as caustic soda, or an acid 
such as hyd'.xjhloric. In the case of ethylacetate 
the caustic soda would neutralise tlic acetic acid and 
thus prevent any reverse reaction; in the case of 
acetamide an acid would neutralise the ammonia. 


Hydrometer (Phgs.) An instrument for directly 
measuring the specific gravity of liquids. It consists 
of a graduated glass tube made to float veitically in 
the liquid by means of a hollow bulb below, suitably 
weighted with shot or mercury. The graduations are 
usually on a paper scale iusidc the sealed tube. 
Kvidcntly the instrument will sink in any liquid 
until it displaces a volume, of liquid equal to it.scU in 
weight; i.tr. in a dense liquid it will sink to a smaller 
depth than in a less dense one. In order to avoid 
inconvenient lengths of stem, it is usual to employ 
distinct instruments (or a range of instruments) for 
liqui(is denser and less dense than water respectively. 
The earlier instruments of the kind were graduated 
in such a way that a calcmlation was required to 
give the specific gravity. See Hydeometeb Scales. 
Now they are usually made direct reading, and are 
very useful for rapid determination when suflicient 
liquid is available and great accuracy is not es.scntinl. 

-, Nicholson’s. This instrument is of more 

interest theoretically than practically, and is really 
more suitable for taking the specific gravities of 
solids than for liquids. Its advant^e is that it can fc 
be applied to either purpose. It is usually a brass 
cylindrical float, carrying scale pans above and below, 
the upper one Iming attached to tlie float by a narrow 
stem on which is a single fixed mark, and the whole 
weighted to float vertically. In use the instrument 
is floated in water, and weights placed in the upper 
scale pan until the fixed mark is level with the water 
surface; then it is placed in the liquid in question, 
and weights added or sabtmoted u&tU the fixed mark 
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is again at the liqaid levd. Let w a> awight of 
instrument, w, ■< weight required to BUsk it to fixed 
mark in water, ahd w, » weight reqtiired for the 
same purpose in the liquid; 

then w + Wj =weight of water displaced 
I "w + „ „ liquid displaoed 

and the volume in each case is the same. 


S.G. of the liqnid = — ^ — 
w + w, 

In the case of a solid insoluble in water, a piece of 
it is placed in the upper pan, and weights removed 
until the fixed mark is level with the water surface. 
Then if w, be weight now in scale pan, the weight 
of the solid is w,—Wg. The solid is then placed in 
the lower pan, and weights added to upper pan until 
. level is same as before. Let w^ l)e weight now in 
scale pan, then weight of water displaced by solid 
is W,-w,; 

w* —w 

hence 8.0. of the solid is —^ 

W,_Wg 

Hydrometer Beales. These may be graduated to 
read off the B}jecific gravity directly, e.g. in water 
the level of the liquid is opposite to the point marked 
1 on the scale. In a liquid whose specific, gravity is 
■^6 the level of tlie liquid is opposite to the gradua¬ 
tion marked ’995, and so on. In many cases, however, 
water is taken as 1,000, and tlie reading in the case 
quoted then becomes 996. Several arbitrary scales arc 
in use in various tratles, e.g. those of Baume, Beck, 
Qabti,eb, and Twabdell. To obtain the actual 
denmty of a liquid from the reading on any one of 
these scales, the following furmnlse may be used ; in 
each case the reading (in scale divisions or hydro¬ 
meter degrees) is denoted by w. 

14-t 

Baum4's Scale (lighter than water) densitt’ - 

lJ+-faf 

(heavier ) = —3-^^— 

144 - a? 

Cartier's Scale 
Beck’s Scale 

Twaddell’s Scale ... 



100 


= 1-15. 


Thus let the density of a liquitl be 30° 'J’waddcll, 
then the actual value of the specific gravity is 

100 -f % o 
100 

Hydroqxdnone or Paradioxy Benzene {Chem.), 
O^n/OH),; also called Quinol. A white crystalline 
solid; melts at 169°; easily soluble in water, alcohol, 
or ether. It is a reducing agent, feeing oxidised to 
qninone. It occurs combined with glucose in ttie 

E tx)side arbutin in the bearberry. It is obtained 
redaction of quinono (g.v.) by sulphurous acid. 
Following. 


—— (Photo.') This substancje was first introduced 
as a developer for gelatine plates by Ca}>tain (now 
Sir William) Abney in 1880. It works well without 
the addition of bromide, giving negatives beautifully 
clean and of good colour. It has a tendency to give 
oontiast, and for this reason is valuable in cases of 
over exposure. 


HydnqatnoiM Br (Photo.) Ihis is hydroqninoae in 
which one atom of bydrogem has be® rqdaoed by 
bromine: 


COH 


uc/\c^T 

Hc[ IcH CO,H,(OH)jBr) 
COH 


It is said to produce softer negatives than hydro- 
qninone itself. 

Hydrostatics. The theory dealing with the forces 
exerted by or oa fluids at rest. 

Hydrothermal Action {Oeol.) The chemical 
action set up in conncctioa with rook mosses below 
the surface by waters acting at temperatures and 
pressures which may often be sufficiently high to 
bring about solution of the rocks affected, and thus 
lead to their reconstruction in a crystalline form. In 
the cases in wldch alkaline matters are present in 
the thermal waters, hydrothermal action may give 
rise to the first stages in the formation of eruptive 
rocks. 


Hydroxide (Chem.) A compound containing the 
hydroxyl group OH. Hydroxides may be acid or 
alkaline in character. The metallic hydroxides, such 
as those of potassium, sodium, calcium, etc., KOH, 
NaOH, Ca(OH)^ are powerful alkalis; those of iron, 
aluminium, zinc, etc., Fe(OH)„ Al(OH)p Zu(OH)^, 
are basic in character. The non-meialiic hydroxidcjs 
are acids, such as boric acid, B(OH),; silioic acid, 
Si(Oip^; sulphuric acid, SO/OH),, etc. In organic 
chemistry the basic hydroxides of inotganio 
chemi-stryare represented by the alcohols and quator- 
nary ammonium bases, e.g. C.H,OH and N(C!,H 4 XOn, 
tho former acting as weak bases and the latter as 
powerful alkalis. The acid hydroxides are ropra- 
sented by the carboxylic acids, e.g. CFIjCOOH, which 
is acetic acid. In organic nomenclature the name 
hydroxyl for the OH group is often shortened to 
‘‘ oxy "; thus glyoollic acid, CI1,0H. COOH, is often 
called oxyacetic acid. 

Hydroxy ((hem.) A prefix applied to denote the 
presence of the hydn.xyl group (-OH) in a com¬ 
pound. The word is often shortened to “oxy.” 
Thus tartaric acKl is sometimes called dihydroxy- 
succinic acid or dioxysuccinic acid. 

CHjCOOH CHOHGOOH 

i I 

CHjCOOH CHOnCOOH 

SuecJnlc Acid. Tartaric Acid. 

Hydroxyl (Chem-.) The name given to the group 
—OH. Sea under IIYUKOXIDB. 

Hydroxylamine (Cltem.), NH^OH. A white 
crystalline solid; melts at 33*; boils at 6-8° under a 
pressure of 22 mm. of mercury; its vapour explodes 
at above 100*; deliquesces and decomposes on ex¬ 
posure to air; soluble in water, less soluble in 
alcohol, still less in ether. It is a powerful base, 
forming crystalline salts with acids. ' Oxidising 
agents set it on fire. Nitrous acid yields with it 
hyponitrous acid, which decomposoB into nitrous 
oxide and water: 


HO. NH, + ON. OH « HON; NOH + H,0 « 
N,0 + 211*0. 

It is an extremely important reagent in organic 
chemistry; for information on this point aee OztUBS. 
It may be prepared from hydm|:ylamine hydro¬ 
chloride by dissolving the latter in methyl alcohol, 
adding sodium methoxide (0H,0Na), filtering off th» 
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precMtated oomuoa salt, and fractionally diamiing 
the wrate till a solid tSslillate is obt^ned. The 
hydrochloride is prepared best by mixing oonoen* 
trated solutions of sodium nitnte (1 mol.) and 
sodium hydrogen sulphite (2 mols.), adding potas¬ 
sium chloride and allowing to stand, boiling the 
precipitate which forms for several hours with water. 
On cooling, potasdinm sulphate separates first; then 
hydroxylamine sulphate. The latter is purified by 
recryst^lisation. From it the hydrochloride is 
obt^ned by addition of barium chloride, and after 
filtering off the barium sulphate, crystallising the 
solution of hydrochloride. 

Hygrometer (^Phyg.) An instrument for measuring 
the amount of aqueous vapour in the air, or more 
frequently what is known as its Hyobohbtkic State 
(jf.r.) The direct chemical method of separating 
a known volume of air through a series of drying 
tubes, and thus finding the amount of vapour present 
by the increase in weight, is seldom used on account 
of its slow and laborious nature, although it is very 
accurate. Most hygrometers, such as those of 
Daniell, Kegnaull, and Dines, are really instruments 
for finding the dewpoint, and depend upon cooling 
some surface in the open air until moisture is de¬ 
posited upon it. An exception is the Wet AND Dby 
B uuEt IIyobomktek, which depends upon the cooling 
produced by evaporation. Tlie readings have to be 
reiinced by tho use of an empirical formula or tables. 

-, Daniell’s. One of tb^ oldest forms of dew¬ 
point hygrometers, now little used. It is practically 
a cryophorus, containing ether instead of water; i.e, 
a bent tube connecting two buliis partly filled with 
ether and scaled up during boiling to expel air. 
One bulb is of black glass, and contains a delicate 
thermometer, and the other is covered with a muslin 
rag. In use tho ether is collected in the blackened 
bulb, and the rag on the other bulb moistened with 
ether, the evaporation of which condenses the vapour 
within, and thus sets up rapid evaporation of the 
liquid in the blackened bulb, witii a consequent fall 
of tcraporature. The temperature at which dew forms 
on the cooled bulb is noted, and also the temperature 
at which it disappears when evaporation ceases, the 
mean of tho two being taken to be the dewpoint. 
This form of instrument is affected by many sources 
of error, and is pract ically obsolete. 

-, Regnault’s. One of the most accurate forms 

of dewpoint hygrometer, es.sentially consisting of a 
glass tube ending in a thin polished silver thimble, 
fitted with a stopper carrying a thermometer and 
also a small tube open to the air, both dipping below 
the surface of ether contained in the silver thimble. 
Air is aspirated tbrougli the ether, and thus its 
temperature, and that of the silver thimble, arc 
lowered by evaporation, the formation of dew upon 
the outside being watched by means of a telescope at 
a distance An exactly similar empty tube, carrying 
a thermometer giving the temperature of the air at 
the time of the experiment, is mounted upon the 
saihe stand, a comparison of the two silver tJiimbles 
facilitating the exact determination of the instant at 
which tho deposition of moisture occurs. 

—) Wet aad Dry Balb* Consists of two thermo¬ 
meters mounted side by side, the bulb of one lieing 
kept moist by means of a loose ootton wick tied round 
it, the lower end of which dips into a vessel of water. 
On account ef evaporation from the bulb this instru¬ 
ment Is cooled, and indicates a lower temperature 
than the other, the difference depending upon the 


rate of evaporation and hence i^xm the amiMiUit of 
aqueous vapour present in the air. These' & nio 
simple relation between the readings andi^e l^pgro- 
memo state; the latter is deduced therefore by 
reference to ^ tables, although various . erapiiioid 
formulte have* been proposed. On account of its 
simplicity and convenience this form of hy^ometer 
is largely used. 

Hygpometrle State or Relative Hnmidity (jPAya.) 

The ratio of the amount of aqueous vapour tustumly 
present in air to the amount required for saturation 
at the existing temperature. This is prdctioally the 
same as the ratio of the pressure of the aqueouS' 
vapour actually present to the pressure coiresponding 
to saturation. It is generally determined by finding 
the “ dewpoint,” then hygrometric state 

pressure of saturated vapour at dewpoint _ 

pressure of saturated vapour at temperature of air., 

Hygrometp^ {Meteorol.') The determination of the 
amount of moisture that exists in the atmosphere as 
invisible vapour and as cloud. 

Hygroscope (i%y«.) An instrument which Indicates 
a change in the amount of moisture present in the 
air. It usually depends for its action upon the 
property *of absorbing aqueous vapour (with a con¬ 
sequent change of volume), possessed by many 
organic substances, such as liair, catgut, etc. Such 
instruments are generally incapable of giving exact 
measurements. 

Hymenasa {Botany'). A leguminous genus in the 
West Indies yielding timber and copal resin. • 

Hyosclne, Scopolamine {Chew.), An 

alkaloid. Crystallises in wltiite prisms, vriiicb melt 
at .511". Soluble in water, alcohol, and ether. Laevo- 
rotatory. It occurs along with hyoscyamine in 
henbane Usaves, and is prepared from these. On 
treatment with baryta water it yields tropic acid 
and a ba.se of unknown constitution. Its hydro- 
bromide is used in medicine. It dilates the pupil of 
the eye. 

HyoBcyamlne {Chem.), Cj^Il^KO,. An alkaldld 
isomeric with atropine {q.r.) Forms delicate white 
needles; somewhat soluble in water; it is Isevo- 
rotatory. Baryta water resolves it into tropic 
acid and tiopinc, exactly the same as atropine is 
resolved into the same two substances; in fact, 
hyoscyamiue is in all probability a compound of the 
Isevorotatory modifications of tropine and tropic 
acid. It readily undergoes intramolecular rearrange¬ 
ment into atropine~for example, on simple melting. 
Like atropine, its solution dilates the pupil of the 
eye. Its sulphate is used in medicine. 

Hypaihrai {Arehiteet.) A term applied to a 
temple when its cell or pari of its ceil is not roofed 
in. See Cbi-l. 

Hyperbola. The plane curve produced when a 
cone is cut by a plane which makes an angle with 
the base greater than that made by the slant side of 
the cone; also defined as the plane curve traced out 
by a point which moves so that its distance from a 
fixed point is always greater in a fixed ratio thab 
its distance from a given fixed straight line. 

Hyperbolio or Natural Logarithm. Iiogarithms 
oalcumted with the number 2’71828 ... as a base. 
See Looabithhs. The hyperbolic logarithm enters 
into the calculation of the area of a hyperbola 
and many other mathematical oomputatioos, It 
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<oan be obtained by multiplying thc’common logaiithm 
of the same number (given in tables of logarithms) 
by 2-3026. 

Hypenthene {Oeol.) One of the species of 
Pyroxene (allied to A^te) which crystallises in the 
orthorhombic system instead of the (normal) mono- 
symmetric. It forms one of the constituents of the 
variety of Gabbro which is sometimes distinguished 
as Norite. It is a magnesium iron metasilicate 
(Mg . Fe)0 . SijO. Silica =* 64-2, magnesia = 24-1, 
ferrous oxide=21'7 per cent. In colour it varies 
from green’through black to brown. From Skye, 
•Sweden, Saxony, etc. 

Hypaone {Chem.') See Acktofhbnonb. 

Hypo {Photo.') The name commonly applied in 
photography to SomuM Thiosulphate, used for 
dissolving out the silver salts in fixing an image. 
See wider Thiosulphates. 

HypobPomiteB {Chem.) Salts of h}’pobromous 
-acid. The hypobj-omites resemble in every way the 
hypochlorites {q.v.) 

Hypochlorites ( Chem.) Salts of Hypochlobous 
Acid {q.v.) I 

Hypochlorous Acid (fiheni.), HOCl, Only known 
in water solution. Strong solutions are orange 
coloured ; dilute solutions are colourless. The acid 
smells like bleaching powder .solution. It is a very 
weak acid. On heating it easily decomposes into 
hydrochloric and chloric acids, but dilute solutions 
-can be distilled without decomposition. On account 
of the ease with which it decomposes into oxygen 
and hydrochloric acid, it is a powerful bleaching 
.agent and antiseptic. The acid is prejtared by 
pjissing chlorine into water containing yellow mer¬ 
curic oxide in suspension, then distilling the clear 
liquid; or dilute nitric acid is added to a solution of 
bleaching powder and the liquid distilled. It is 
present in chlorine water. Its salts, the hypocblorite.s, 
axe obtained by acting ujwn metallic hydroxides 
with chlorine. They are oxidising agents, and on 
heating decompose into a chloride and a chlorate, 
3K001 = 2KCI + KG'lOy • Sodium hypochlorite is 
ma^le by passing chlorine into cold and somewhat | 
dilute caustic soda, and allowing the solution to j 
crystallise. It alwavs contains sodium chloride. ' 
Clj + 2NaOH = NaOCT + NaOl + HjO. It oxidises 

arspuic to arsenic acid ; hence its msc in Marsh’s 
Test {q.v.) It oxidises urea {q.r.) and salts of 
chromium to chromatc.s, Cr./flO ,)3 + HNaOCl + 
lONaOH = 2NaprO, -^ 3NaCl + 3Na,SO, + 611,0. 
Bleaching powder {q.v.) yields calcium hypochlorite 
-when it is dissolved in water. 

Hypoorystalline Structure (Geol.) Occurs in 
roolm which consisted essentially of undifferentiated 
£uid material when they began to consolidate, but 
in which incipient crystallisation has commenced 
without being carried on to completion. Many 
pitchstones are of this nature. 

Hypoeyeloid. The plane curve generated by a 
point in a circle which rolls round inside a larger 
•circle. This curve is used for the lower part or 
£ante pf the teeth of wheels. 

Hypogyny {Botany). The condition in a flower 
when the calyx, coroU^ and stamens arise upon the 
khalamus benes^h the carpels. 

H^ponitroui Acid, HO. N: N. OH. Has not been 
obtained pure; a solution is obtained by actii^ upon 
its silver salt with dilute hydrochloric acid. It easily 
•decomposes nto nitrous oxide and water. The silver 


salt is formed as a yellow precipitate, when solutions 
of sodium nitrite and bydroxylamine sulphate are 
rapidly heated together to 60“, and silver nitrate 
added. See Hydboxylahihb. 

Hypophosphites ( Chem.) See Hypophosphobovs 
Acid. 

Hypophosphorons Acid ( Chem.), H,PO,. A syrupy 
liquid which crystallises with diflioulty. It is a power¬ 
ful reducing agent, e.g. it reduces solutions of gold, 
silver, and mercury salts to the metals, and forms phos¬ 
phoric acid. When heated, it yiel(^ phosphoretted 
hydrogen and phosphoric acid : 

2H,r0,= rH, + H,P 03 . 

It is a monobasic acid; its salts are called HypophoS- 
PHITBS. The acid is obtained from barium hypo- 
phospldte by addition of dilute sulphhric acid, 
filtering ojfl the barium sulphate, and carefully 
evaporating the solution. The hypophosphites are 
obtained by boiling pbosphoms with a solution of the 
corresponding hydroxide, e.g. 

r, + .-INaOII + 3H,.0 - .3NaH.,PO, + PH, 

2P, 30a(0H), + 6IU) = 3(;a(Hj,PO,,), + 2PH, 
They are crystalline solids; most of them arc soluble 
in water. They are strong reducing agents. They 
are used in medicine. 

Hypostyle {Arehiteet.) A temple in which the roof 
is supported by internal columns. 

Hyposulphites {Chem.) Salts of hyix)sulphurous 
acid. Zinc hyi)Osulpliite, ZiiS^O,, is oblaim:dwhen zinc 
di.ssolves in salphuroii-s acid, out of contact with 
air. Soiiium hyposulphite, Na,S,0,, is obtained by 
electrolysis of sodium hydrogen sulphite; it is used to 
reduce indigo in dyeing. Neithei of these salta has 
been obtained pure. Kodium thiosulphate was 
formerly called sodium hyposulphite, and in trade 
it is .still known under this name. 

Hyposulphurous Acid {Chem.), TT,S-,0,. A very 
unst.'ible yellow liquid, formed when a solution of 
oxalic acid is added to a solution of a hyposulphite. 

Hypotracheliiun {Architect.) That part of a 
column immediately below the capital. The term is 
also used to denote the g'oovc.s worked below tJie 
nock of the Greek Doric column. See Column. 

HN - CO 

Hypoxanthine(^7(m.) j | /(Sarciue)\ 

nC O.NIl I or6-oxy- I 

|j 11 ' Cn' purine / 

N-C.N/ 

A white crystalline solid sparingly soluble in water. 
It occurs along with xanthine {q.v.) in the animal 
body, e.g. in tlie spleen, tiiymus, etc. It is. a purine 
derivative {see PuBiNB), and can be prepared artifi¬ 
cially from tricblorpuriue. 

Hypsometer {Phys.) A simple arrangement for 
conveniently ob.serviug the temperature indicated by 
a thermometer immersed in the steam from water 
boiling under atmospheric pre.ssun;, and used in¬ 
stead of a barometer for determining altitudes. It 
practically consists of a metal vessel for boiling the 
water, provided with concentric vertical t^ubes 
through which the steam passes, and long enough to 
ensure the complete immersion of the thermometer 
ill the steam. From the boiling point thus obtained 
the atmospheric pressure may be found by reference 
to tables, and, given the atmospheric pressure, the 
height above sea level may be calculated.* The altera¬ 
tion in boiling point is roughiy I'^C. for every 
300 yards of vertical height. 
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Hywop (botany). An aromatic efarobby plant, 
HyHtojm* o^tnnalU (order, Lahiatai), bearing blue 
flowers. The leaves and young plants are sometimes 
used in cookery and also in medicine. 

Hyitensis (Illeot) The intensity of magnetisation 
produced in iron by a given magnetising force depends 
not only upon’its state at the time, but on its previous 
magnetic treatment, for if iron be magnetised up to 
any point, and the magnetising force then removed, 
it still retains a certain amount of “ residual 
magnetism," and it will require a certain reverse 
magnetising force to bring this to zero before it 
begins to Income magnetised in the opposite direc¬ 
tion. Professor Ewing has applied the term hyste¬ 
resis to denote the general piienomcna which arise 
from thia tendency of iron to persist in its magnetic 
state. The practical result is that iron cannot be 
carried tliruugh “ cycles ” of magnetisation—as, for 
instance, by an alternating magnetic force—without 
loss of energy, which appears as heat in the iron. 
This loss is proportional to the frequency, but increases 
faster than the magnetic induction “ I>,"’ being, accord¬ 
ing to Steinmetz, proportional to its l* 6 th power. 
/S'c also IBON Losses. To give .some idea of its mag¬ 
nitude It may be stated that in good modern charcoal 
iron used for armature stampings, etc., it is rouglily 
about 4,000 ergs f^cr cubic centimetre per cycle, when 
maximum induction is B = 10,(X»0. Another useful i 
way of expressing the same loss is to say that it is j 
from 2 to 3 watts j’ler lb. at 100 cycles per 
second at the above induction. Although in many 
ways hysteresis suggests the idea ol molecular 
frh tion. Professor Ewing has shown that' such an 
assumption is unnecessary, and he considers the less 
to l>e due to the oscillations of the iron particles as 
they settle down into new yiositions of equilibrium 
under the influence of the magnetising force. 


I {Cliem:') The symbol for Iodixe {q.r.') 

- (Kki't.) Used to denote the ISTENBITV OP 

Macjnetisation {ij.r.) 

—— (JViys., U-sed to denote the 

Moment ov Inertia (</.«.); the letter K is also 
used for the same quantity. 

Ioe« Action of ( (kol.) Considerable quantities of 
stony debris find their waj' on to the .surface of a 
glacier, as well as into its lower parts. These arc 
transported seaward from the mountiun centre.s, and 
are left at the parts where the rate of onward flow 
of the ice is balanctsl by that of nmlting. Some 
erosion of the surface in contact with the moving 
ice is effected whore suitable conditions obtain. 
Icebergs and floating ice in general also act as 
voliioles of transport for rocky debris. 

Iceberg. A large mass of ice which lias been 
broke.u from the end of a glacier where this has 
flowed out te the deeper part of the sea. Ice fractures 
readily when subjected to strain, and thus tidal 
movements suffice to break off bergs, which may 
float to great distances before being completely 
melted. It is generally considered that the mass of 
the submerged portion of a berg is about nine times 
that of the part above water. 

lee Colorimetep (PAys.) An arrangement in 
which the heat given out by a substance in cooling 
from some known temperature to 0 “ is measnrod in 
terms of the mass of ice melted by it. The original 


form was devised by Laplace and Lavoisier, altbough 
Black had previously employed the principle. 
Bunsen introduced a method of determining: the 
amount of ice melted Jby means of its change of 
volume, and his instrument is especially useful when 
only small quantities of a substance are available. 

Iceland Hon (^Botany). Cetrwria islandica (class,- 
Licheneg). This lichen, a native of North Europe, is 
used for its nutritive and medicinal properties. 

Iceland Bpav {Min.) A transparent variety of 
Calcite, easily cleavable; it is the variety used in the 
making of polariscopes {q.v.), and is in great demand. 
There were at one time large deposits of it in 
Iceland. See also Caiajite. 

Ichnography. (1) A ground plan, e.y. the ground 
plan or horizontal section of a building or part of a 
building. (2) A plan or map. 

Iconography. The science or art that treats of 
ancient paintings, 8 culpture.s, mosaic work, eiigrav- 
ings on gems or metals, and especially statue.s and 
busts. The ieoiMgraph/y of an individual is a de¬ 
scription of all known portraits of such individual. 

Icosahedron. A solid having twenty equal plane 
faces; a»regular ico.sabedron is contained by twenty 
equal equilateral triangles. 

Ideal Gas {Phys.) A gas for which the law 

= Constant 

Absolute Temperature 
is exactly true. 

Ideograph, Ideogram. A symbol or figure em¬ 
ployed in some systems of writing to suggest or 
express an object: a hieroglyphic. 

Idiograph. A private mark or signature: a trade¬ 
mark. 

Idiomorphic Crystals (Geol.) It is necessary in 
many cases to mark llie di.stiuction between crystals 
whii-h, on the one han<l, have grown up and con¬ 
solidated from a fluid magma jp such a manner as to 
press upon the growing crystals next them and thus 
mutually prevent each other from assuming the 
bounding surface proper to each of them; and, on 
the other hand, those which have grown and con¬ 
solidated in such a manner that they have been free to 
take their own proper shape. For the former case the 
term ALLOTKiOMOBrnic is used, while for the latter, 
in which the crystals have assumed their own normal 
shape, the term used is Idiomorph lO. The difference 
of comportment is connected with the conditions of 
pressure under wlvich consolidation took place. 

Idle or Wattless Cuppent (Elect.* Eng.) Whem 
the current and the electromotive foAie in a circuit 
differ in phase (q.r.), the product of the two is not 
equal to the power. See Electrical Power. If 
the angle of lag be Cos then the power in watts 
is EC Cos tft. The product C Cos 0 may be regarded 
as the resolved part of the current, which is in the 
same phase as the electromotive force E, while the 
remaining component of the current C Sin qf\ differs 
in phase from the E.M.P. by 90°. The product 
EC Sin 0 t), and C Sin ^ may be called the 

Idle Current. 

Idle Coil (Elect. Eng,) In certain forms of 
armature a coil may at a given instant have n» 
induced electromotive force acting in it ; it is then, 
termed an IDLE CoiL. 



* 

Idle Wheel or Idler A wheel-in e treie. of 

gearing lirhicb rides loom on its shaft and does not 
affect the latio of the velodties of the other wheels 
in the train. 

Idocraee {Mm.) A basic calcihm alnminium 
^catoformula,po8siblyH(OHXGa,2. (Al,Fe),(Si04),g. 
. Usually, if not ^ways, it occurs as a mineral product 
arising from the thermo>metamorphism of calcareous 
rocks. Tetragonal, occurring in prisms, ydlow to 
brown or black. Also called Vesuvianite, From 
VesuTius, Norway, Siberia, the United States, etc. 

Igniter. (1) A fuse or other appliance for firing a 
cLiarge.in blasting. (2) The ignition device in gas 
engines. See IQNITIOS. 

Ignition {Eng.) In gas, petrol, and oil engines 
the charge is ignited or fired in various ways. (1) 
FiiAMB Ignition is the oldest method. A small flame 
was allowed to come into contact with the compressed 
gases through a port; the chamber containing the 
name was cut off from connection with the open air 
at the instant before the port leading into the cylinder 
was opened, thus preventing the charge from explod¬ 
ing directly into the atmosphere. Flame ignition is 
now obsolete. (2) In Tubk Ignition the charge is 
put into direct communication with the inside of a 
«^ort igpiition tube of metal or porcelain; the tube 
is kept at a high temperature by a burner outside. 
After the explosion of the charge, communication 
between the cylinder and the ignition tube is cut off 
until ignition is again required. Tube ignition is now 
used in the majority of stationary gas and oil engines. 
(3) EiiBCTBic Ignition consists in the production of 
an electeic spark inside the cylinder at the proper 
insUmt. The current is led in by a wire passing 
through an insulated porcelain plug, the SP.AEK 1 N 0 
Plug ; the end of this wire terminates in a platinum 
point, which is plactid very close to another similar 
point which is in electrical communication with the 
metal work of the engine, and therefore is electrically 
** connected to earth." The spark thus occurs between 
the end of the conducting wire, which is charged up 
to a high potential, and a point which is at zero 
potential. In order t* provide the current, the wire 
is either connected to one terminal of a small 
Induction CJOil (g.r.) or else to a small magneto 
machine ii.e. a dynamo with permanent field 
magnets). If a coil is used, it is driven by a storage 
battery, usually of two cells, giving an E.M.F. of 
.about four volts. The.contact breaker of Ihc coil is 
worked by the Half Bpbhd Shaft. See Phtbol 
Engine. Electric ignition is universally used on 
motor cars, cycles, launches, etc., driven by petrol 
engines, and its use - is becoming increasingly 
common in Urge gas engines, especially on the 
€ontdnent. (4) In a few cases Automatic Ignition 
is employed; the gas becomes sufficiently hot at the 
instant of greatest compression to ignite spon¬ 
taneously. 

IjfoitioB Ploj {Motor Cart, ete.) See Hpabking 
Plug. 

Tgiliton Talva {Eng., etc.) A small valve which is 
opened ]UBt befewe the explosion of the charge in a 
gas engine, in order to effect communication between 
the charge in cylinder and the heated ignition 
obamber. 

LH.P. {Eng.) See Indicated Hobsb Powbb. 

Hearn {Zoology). The portion of the small intes¬ 
tine following the duodenum. It is the seat of 
fdMorption of the chyme by the agency of the Villi 


lies {Botany). A genus of the order 
.occurring in many pa^ of the world. The bolb' b 
a well taown plant of the genus, and /leaf jutro- 
gnentUt is the MatA or Pakaguay Tea 

lUnin {Zoolom). . The bone of tbo hip girdle which 
articulates with the sacral vertebne uf the backbone. 
It forms the onter portion of the pelvis, on eitbv 
side. 

Illuminated Mannseripta. The art of illuminating 
manuscripts originated in the third century, and oon> 
tinued until the seventeenth, the monks being the 
most skilful exponents. The embellishments gene¬ 
rally took the form of drawings, more partictriarly 
ornate initial letters, executed in body colours ana 
gold. The earliest illuminations were done witb red 
lead, later with cinnabar, Bpecimons of l6nTtb and 
eighth century work are to be seen at the Vatican 
ami the Louvre. Some of the finest examples were 
executed between tlje fifteenth and seventeenth 
centuries. 

Illuminating Power {Light). The illuminati^ 
power or Intensity of a sourco of light is the ratio 
of the illumination thrown (normally) by it on any 
surface to the illumination thrown (normally) by a 
standard source, e.g. a Standabd Candle {q.v.), on 
the same screen, both sources being equidistont^m 
the screen. More briefly it is the ratio of the light 
emitted by the given source to the light emitted by 
a standard source. 


Illumination, Artificial. See Abtificial Illu¬ 
mination. 

Ilmenite {Min.) An iron and titanium oxide, 
FeTiO,,; the proportions of titanium and iron vary 
gi'Ciitly, the one rc])lacing the other. It is one of the 
ores of iron, and is a common original constituent of 
the basic eruptive rocks, in which it is one of the first 
minerals to consolidate.. In composition it may be 
regarded as a ferrous titanate; but it has a wide range 
in composition, and it piisses in one direction into 
Miignetite and in anotlier into llannatite. It usually 
occurs in the form of thin crystalline plates in which 
the forms proper to the miucral arc but rarely de¬ 
veloped. It belongs to the Jlhombohcdral System of 
cry.stallisation. A second mode of occurrence is in 
connection with Quartz in the crystalline schists; 
while yet another is that sometimes known asISBBlNE, 
which is slightly magnetic, and is the chief con¬ 
stituent of Magnetic Band. 


Image {Phys.) If light diverging from a point 
A is made by any means to converge to a second 
point B, then B is termed a Heal Image of A; if 
the light diverging from A bo caused to appear to 
diverge from another point 0 , then c is termed a 
ViBTUAL Image of a. A real image may be received 
on a screen; a virtual image cannot. 


Imbricated {Architect.) Formed with one part 
lapping over another, so as to resemble a tiled roof. 

Imide {Chem.) A compound containing the 
group > NIT, attached to an acid residue. Examples 
are Buccinimide, Phthalijaide {q-v.) 

CH,COOH CH.CO. 

I 1 >H 

CH„(X)OH CHjCtX 

Succinic Add. Hucoinimldc. 



Phthalic Acid. 


PhtbalimUto. 
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Tn>M «.tfam (Jfiuio). The lepetitioa of « mBaioal,y| 
ilguxe b; anownr pext of the harmony either at the 
aame or at a diflerent pitch. 

lin!tatioii*lTOV3r* Bee CBLLni<oii> and Vegbxabi:<b 
iTOET. 

ImltatlOB Pacehment. Ordinary paper passed 
throngh a bath bC sulphuric acid, which has the 
peculiar effect of ** toughening " the fibres. The acid 
is Ihimedlately washed out and the paper dried. 

Inunmioil {Aetron.") The disappearance of one 
heavenly body beldnd another or in the shadow of 
another. 

Impact. ' A sadden blow: a collision between two 
bodies: the force or forces exerted by one body on 
another as thp result of a collision. 

Impale (ATer.) Two coats of arms may be placed 
upon one shield side by side, separated palewisc. 

A husband and wife may thus blazon their 
escutcheon, the arms of the husband always 
occupying the dexter half, those of the wife the 
sinister half of the shield. A bishop also impales 
the arms of his official see with bis own arms. 

ImpaBte, ImpfMto (Paint., ete.} To lay on colours 
thickly in order to create a bold effect. To mix 
lines and points on a plate in engraving in order to 
represent depth of colouring. 

Impedance (Pleat.^ The apparent resistance of a 
circuit or part of circuit when traversed by an .alter¬ 
nating or variable current; that, is, the ratio of the 
impressed E.M.F. to current. For stcatly currents 
this ratio is merely the ohmic resistance, but for 
variable currents ib depends also upon the rate of 
variation, the self Induction, and the capacity of the 
circuit. In dealing with alternate currents it is 
often necessary to consider the impedance, which 
may differ considerably from the resistance. Let n 
be the frequency of the current, L tlie self induction 
(q.v.) of the circuit, and It its resistance. Then, if 
the capacity of the circuit lie neligible, the impedance 

is equal to . _ 

>/K* + 4ir“7t“L=' = v^li^ -t- jw'Ij® 

where= 2r». If »L be large compared with K, the 
impedance reduces to jwL; while if li be large com¬ 
pared with nh the impedance is practically equal to 
the resistance H. 

Impedance Coil (Meet. Ihtg.') A Chokinq Coil 

(jf.r.) 

Imperfect (Mmic'). Used in connection with (1) 
Uadenoo, (2) Interval, both of which see. 

Imperfect Cadence (lUwtie). See Oadbece. 

In^erial (Paper Marnfa^'.') (1) Writing paper of 
a size 34 by 22 in. (2) rrinting paper, size 30 by 
22 in. 

Imperial Sed (Peo.) A bright red similar in 
composition to Boyal Bod (q.v.") 

Imperial! (PuUd.') Slates measuring 30 by 24 in. 

Impetnoco (Musio). Impetuously. 

Imposlim Stone (Typog.) A smooth stone or 
metal surmce on which pages or columns of type 
axe imposed or made into formes, and on which 
ionnes are laid for correction. 

Impoiitloa (Typog.') The arrangement of pages 
for printing, so mat when the sheet is folded they 
may fall into proper numerical order. 


Impoii (AreMteet.) -- 

The horizontal mould* 
ings crowning a pier, , 
rilaster, or corbel, and 
from which an arch 
springs. Baoh order 
has its distinctive im* : 
post; occasionally the ! 
impost is formed of 
the entablature of the 
order. 

Impregnation 

ber'). Booking timber 
with a fluid in order 
to prevent rot; Bur¬ 
nett’s fluid, creosote, 
etc., are employed. 

ImpresBlon. (l)The 

act. of impressing. (2) 

A copy taken by pres¬ 
sure from an engraved 
plate, type, etc. (.3) 

The total number of 
copies printed at one 
time: an edition. 

ImpreMioniem 

(Paitit.) A method of 
painting which aims at 
giving the general tone 
and salient features of 
a subject, e.g. the broad ‘ 
impression produced Impost. 

by some aspect of 

mature at first sight, excluding minute details and 
elaborate llrish. 

Imprint (Print.') The name of the printer or 
publisher (with date and place of publication) affixed 
to a book, magazine, newspaper, eta 

Impromptu (Mmic). A composition of an esOem- 
pore fbaraoter. , 

Impulse. A suddenly applied. force; in engineer¬ 
ing the term is applied especially 4d the force of the 
explosion in a gas or oil engine. 

ImpnritieB of Air. See Atmosphebb. 

In (Chem.) The symbol for Indittm (q.v.) 

In AntU (Architect.) See Aktis. 

Incandescence. Glowing; self-luminous (emitting 
light), owing to high temperature. 

Incandescent Electric Lamp. Consists essentially 
of a carbon filament of high resistance enclosed in 
a vacuum, and heated to whiteness by an electric 
current. Si^e aUo Elbctbic LiGBTiKa. 

Incandescent Gaslight. The prodnetiSn of light 
by means of a hot, non-luminous gas flame, which 
impinges on a Mantle (q.v.) and raises it to a high 
temperature, so that it becomes incandescent. 

InosAdesceat Mantle. See Mantle, Incandbe-. 

CENT. 

Incandescent Tube Ignition (Png,, ete.) The 
ignition of the charge in the cylinder of a gas or 
petrol engine by means of a hot tube. See Ighitiok. 

Inch. See Weights and Mbasgkes. 

Inches of Rain (Meteorol.) &;e BaineaiXi. 

Inoh Pound, Inch Ton (Eng., etc.) Units of work 
oocasiunally used; the work done when 1 lb. and 
I ton respectively are raised 1 in. 
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Inddeat Ray (^JAght). A my w£icb falls on the 
surface of a reflecthig or refmotii^ medium, but is 
itself wholly outside that medium. 

IncisoPl {Zoology'). The sharp cutting teeth in the 
front of the upi)er and lower jaws. 

Inclination, Angle of {Meet.) The angle between 
the actual direction of the Earth’s magnetic field at 
a given place and its projection on a horizontal 
plane. In London its value is at present about 67°. 

Incline {Mining). A sloping shaft 

Inclined Plane. In mechanics one of the elemen- 
tary tyjKss of machine, often called the mcchauical 
powers. A gradient {q.v.) on a railway, or a wedge 
may be taken as an example. 

Inclines on Railways. See Gbadibnts. 

Inerastation {Eng.) The solid coating of salts 
from hard water, which forms on the inside of the 
plates of a boiler. 

Incubation {Hygiene). The incubation period or 
time; of development of a disease is that which 
elapses between actual infection and the appc-arance 
of the first signs or symptom.s. Little is kn(Avn of 
the changes which take place during this period, 
beyond the fact that the poison is multiplying in 
some part of the sj'stem. 

Inconabnlum, pi. Incunabula {Print.) A term 
applied to a book or hooks produced during the 
earliest i)eriod of the art of printing, more especially 
those printed before the beginning of the sixteenth 
century (1500). 

Incuse {Coinn) An impression hammered or 
impressed in intaglio on a coin. 

Indamines {('hem.) Derivatives of Quinone 
di-imide. They are we,vk bases which form green 
or blue salts with acid-s. They are unstable; an 
excess of acid decomposes them into quinone and 
the base from which they were formed. They are 
important as being intermediate products in the 
formation of some important classes of dye.s. Cf. 
Mbthylesk Blue and Kafphanine. Indamise 
or Bhesylenb* Blue, IIX; CjILrNCjH^Nn,^ is 
formed by oxidation of a mixture of paraphenylenc 
diamine and aniline. On reduction it yields para- 
diamide odiphenylamine, which is therefore the 
leuco-compound. Si-e Lb uco-Com pounds. 

+ 2H = 

HjX.CeH,/ 

Bindschcdler’s green and toluylene blue 
indamines of the formulse 

(CH,);sr-(H,K),. C,IT,\ 

N and 

(CH3)jNC1 = 
respectively. 

Indanthrene. See Dyes and Dyeing. 

Indehisoent {Botany). A term applied to a fruit 
which <ioe8 not open to set free the seeds {e.g. hazel 
nut, plum, etc.) 

Indent ( Typog.) A line commenced a little farther 
in from the margin, e.g. the commencement of a 
paragraph. 

Indented {Her.) One of the forms given to par¬ 
tition lines. See under Hbbaldby. 

IndMtPuotibiUty of Hattw {Chem.) Matter can 
neither be created nor destroyed.. Whatever changes 
it may undeq;o, whether physical or chemical, its 


actual mass remains unaltered, and can in general 
be m^ured by suitable experiments, and show'n 
(within the necessary limits of experimental eirory 
to be equal to its original mass. 

Index. That which points out something. In 
mathematics the quantity denoting the power to 
which another quantity is to be raised. 

- {Eng.) A pointer or indicator on a gauge of 

any kind. * 

-(Afm.) Tlie index of a crystal face is the 

reciprocal of tlic Intbbcbi>T8 {q.v.) of that face. The 
index is always expressed as a whole number. 
Hence if the intcrcc}>ts are 2:4:1, the index is 
written 214, instead of m or J ^4- When the 
different faces of one form are to bo designated^ 
trigonometrical sign is taken into account. 

- {Typog.) (1) The sign of a hand with the 

forefinger pointing. (2) The references, or ailpha- 
bctical table of contents, generally placed at the 
end of a book. 

- {Watchev). The regulator of a watch. 

Tt has two pin.s embracing the outer coil of the 
lialance siiring, enabling the wearer to alter the acting 
length of the spring. See Balance Speing, Fuira 
Spking. 

Index of Refraction {Phys.) When light posses 
from one tiansiiarent body to another, the ratio of 
the sines of the angles of incidence and refraction 
is a constant for tliu two given substances for the 
same wave length, and is known as the Belativb 
Index or Kepeaction between the two substances, 
the Absolute Index for either of them being the 
value of the same ratio when light passe.s from a 
vacuum into the substance. According to the wave 
theory, the relative index is really the ratio of the 
light velocities in the two sub.stanccs, and conse¬ 
quently it has a different value for each wave length. 

Indian Hemp. Cannahs miiva (order, Moraoeie). 
The “ Cannabis Indica” of commerce consists of tl»e 
dried tops of the hemp plant, including flowers, fruit, 
and the exuded re.sin. A mixture of leaves and 
fruit is known as Bltang or Hashish. The resin is 
valued for its narcotic property. 

Indian Ink. A black ink sold in sticks, and made 
from line lampblack mixed with a binding material, 
such us jtarcliment .size or fish glue, and a little musk, 
camphor, and other perfume. The lampblack is 
exceedingly fine, and is derived from the burning of 
certain oils, camphor, and camphor wood. The ink 
is carefully dried and made intt> sticks, which are- 
polished and gilded partially or wholly. Genuine 
Indian ink comes from China. Various attempts 
have been made to manufacture it in France and 
elsewhere, but without much success. The best 
varieties, when broken, show a bright jet black 
fracture, not unlike the fracture of genuine liquorice 
The perfume is to some extent an indication of the 
quality. 

Indian Lsdee (Bee.) A lake obtained from the 
secretions of Coeeus Laeca. It is now used to only a 
small extent, being superseded by madder. It i» 
somewhat fugitive, but not to the extent of orimsou 
and other lakes made from oochineal. 

Indian Red (pee.) A useful pigment of a dark 
red colour, having a slightly purplish hue, and used 
by the painter principally for staining or colouring. 
Genuine Indian red is a natural prrauct found in 
India, but most of the pigment sold Is artifidally 
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prepared 1:^' the oalcinatiion of oohip and ferrous 
niphate. It has no definite cfiiemical’composition. 
Genuine India red oontHfais about 76 per cent, of 
ferric oxide, pigment is one of the most 

permanent known, and it may be mixed with any 
other pigments without risk of producing a chemical 
change in them. 

TwiHan Tellout (i^c.) A pigment obtained from 
tho urine of Indian cows which have been fed on 
mango leaves. It is fairly permanent as a water 
colour, and may be used ground in oil, poppy oil 
being best for the purpose. It is gradually going 
out of use. 

Indlartibber. See Rubbbb. 

Iwdlean ( Chcm.) See Indigo. This name is also 
applied by physiologists to potassium indoxyl 
sulphate. See Indoxtcl. 

Indicated Horse Power or IJi.P, {Eng.') In¬ 
dicated horse power, i.e. tljo actual work performed 
by the steam (or gas) in the cylinder, as calculated 
from the Indicatob Diaqbam (?.«.) 

Indicating (£%.) Taking an Indicatob Diagbam 
of an engine. See Indioatobs and- Indicatob 
Diagbamb. 

Indicator (_Cotton Spinning). An instrument 
fixed on spinning machinery for registering the 
quantity of work produced. 

Indicator Card {Eng.) The >card on which an 
Indicatob Uiaokam is <lrawn, or the diagram 
itself. See Indicators {Eng.) 

Indicator Dial {Clocin). The “journeyman' 
clock, consifting only of a dial and handwork, with 
clectri^ fitting.s. it is under the control of. and 
act.uated by, the “ master ” clock of an electric time 
circuit. See Master t'rocK. 

Indicators (C/tS'W.) Substance.s used in volumetric 
analysis to indicate the completion of a reaction. 
Suppose hydrochloric acid of known strength is being 
s<lded from a burette to a solution of <»ustic soda 
ii> order to exactly neutralise the latter and then to 
calculate it# strength, it cannot be told by inspection 
when the change is completed. To enable one to judge 
when the reaction is completed, a substance is adrteii 
which gives one colour with an alkali and another 
colour with an acid; the substance added is called 
an imiicator. A good indicator must give a flistinct 
colour change, and it must be sensitive; that is, a 
minute quantity of it must be sufficient for the 
purpose, for the change in the indicator is brought 
about by a reaction iHitwcen it and one or other of 
tlie solutions under examination, so that the amount 
of the latter required to produce the chaiigc in the 
‘indicator must be negligible. In volumetric analysis 
indicators are used in the form of solutions of such 
strength that only a few droi)s of the indicator 
solntion are required. Indicatobs Used fob Acids 
AND AdkAIiIS :■—(]) lodoBoein {ErgihroxiH,): With 
acids orange, with alkalis clicrry red; used in pre¬ 
sence of ether in titrating dilute solution of acids 
and alkalis; can be used for or oven riiVv normal 
solutions. (2) Methyl OrangeWith acids pink, 
with alkalis yellow; unaffected by carbon dioxide. 
(8) Congo Eed .* With acids blue, with alkalis red. 
(4) Laomoid; Bed with acids, blue with alkalis. 
. (5) litmut t Bed with acids, blue with alkalis, 
violet when neutral; It is affected by carbon dioxide. 


so that when fiaed in tiitiating a carbonate the liquid 
must be boiled to expel naroon dioxide. (6) Tur¬ 
meric : Yellow with acids, brown with alkwis. Its 
behaviour trith boiio add is cbaracteiistio,i when 
turmeric paper is dipped in boric acid solution and 
tiien drie^ it is coloured reddish brown, and this 
colour is not changed to yeUow again by hydroohlorlo 
acid. (7) Phenolphthalein: Colourless with acidcf, 
purple with alkalis; cannot be used for ammonia. 
The first four are more sensitive towards alkalis than 
towards acids ; the others are more sensitive towards 
acids than towards alkalis. We wiU illustrate the 
theory of the action of indicators by an example 
from each class. Methyl orange has the formula 


(CH,),:ft. C . N : N . C,H,BO,ONa. Its action as an 
indicator depends on the basic properties of the 
nitrogen atom marked with an asterisk; for short¬ 
ness we will write the formula BN. With an acid 
(say HCl) a salt, BN . HCl, is formed, and this in an 

+ “■ 

aqueous solntion is ionised thus, ENHCl^^BKH + Cl. 
4* 

The positive ion BNH is pink in dilute solution. On 
addition of an alkali (say NaOH) we have fhe 
-h — + — + “ 

reaction BNH -h Cl + Na + OH=BN + H,0 + Na + Cl; 
that is, the methyl orange is reproduced and the 
pink colour changes to yellow, the colour of methyl 
orange in dilate aqueous solution. Phenolphthalein 
has the formula ' 




/C.H.OH 


Its action as an indicator depends on the fact that 
the substance itself is colourless in aqueous or Rcdd 
solutions, while its salts have the quinoxoid structure 


C,H,: O 


Cell, 


/‘-C.H,OH 

\C00Na 


and are strongly coloured. The uhange from purple 
to colourless may be expressed by an equation thus; 


C,H,:0 

CCCgH^OH 


"•“<000 

Purple Culonied Ion. 


+ Na+H+Cl = 




CeH,:0 

C^C,H,OH 


COOH 


C,H,OH 

/C - C’H.OII + - 

O + Na + 01 

X- 


Xcr-^ 


Indicatobs used in other VoLimETBic Pao- 
CESSES: Weak starch paste is used to indicate the 
presence of iodine, with which it forms a deep blue 
colour. Potassium chromate is used in the titration 
of neutral solutions of chlorides, bromides, and 
iodides by silver nitrate solution. To thte chloride 
solution a little of the chromate is added, then the 
silver nitrate is run in. So long as a trace of 
chloride, etc., remains in solution no silver chromate 
can be formed and remain in the liquid. As soon as 
the chloride, etc., is all decomposed, silver chromate 
is formed and easily recognised by its dark red Inrown 
colour. Potassium ferricyanide is used in titrating^ 
a ferrous salt by potassium dichromate; this is an 
example of an emtemal indicator. In this case the 
indicator is placed in drops on a white tile, and a 

80 



END 


IND 


3oe 


drop of the liquid being titrated is added to the 
indicator. So long as fgrrous salt remains, a deep 
blue colour is produced. Many other indicators 
are used, but less commonly than the above. Many 
of the above indicators are used in special cases in 
the form of pa.pers; unsized paper is dipped in a 
solution of the indicator and then dried. The 
ordinary litmus and turmeric papers are familiar 
instances. Some of these papers are wonderfully 
delicate tests for acid or alkaline reaction; v.ff. 
azolithmin paper (see Litmus) will show an alkaline 
reaction with solutions of caustic soda or ammonia 
of strengths little over ^5 normal and normal 
respectively.—W. II. H. 

IndloatoFB and Indicator Diagrams (JUng.') An 
Indicator Diagram is a Jigme showing the 
relations between the pressure and volume of the 
Working Substanck (gas or steam, etc.) in 
the cylinder of an engine. It may be drawn from 
purely theoretical assumptions, as in the ca.se of the 
diagram representing Carnot’s Cycle (lig. 1). 
In this case the working sub¬ 
stance is originally at a pres¬ 
sure Pj and a volume Vj. In 
the first operation it is com¬ 
pressed adiabatically to a 
volume T,, 11 le pressure mean¬ 
while rising to Pj. The work 
done on the substance in this 
operation is represented by the 
area of the figure P,P.jVjV,. It 
is then allowed to expand iso- u \/ M 

thermally to a volume the Y, Vt 

pressure falling to p,, and the Fio. 1 . 

work done by the sub.stancc is 
represented by PtPsVgV,,. In the third operation it 
exjJands adiabatically to a volume and i)ressure p„ 
the work done by it being represented by the area 
PjP,V,V,. It is finally compressed to its original 
pressure and volume, the work done on the substance 
being given by the area p^PiVjV,. The net w'ork 
done by the substance during those four operations 
is given by the difference of the areas PjP,p^v,v.j 
and P 4 PiPaV„'V,; that is, the area of the curved part 
jf the figure, p,p„PjP,. This cycle of operations is 
purely theoretical, and has never been realised in 
practice. A theoretical representation of the changes 
in pressure of the steam in the cylinder of a steam 
engine may be arrived at as follows: Let A (fig, 2) bo 
a cylinder with a 
piston B, and two ^ ^ . * 

pipes or ports c and 
D, each fitted with a D=^= 
tap or valve which 
can be opened or 
closed as required, 

G being the Inlet 
or Steam Tort, by 
which steam can bo 
admitted, and D the 
Outlet or Ex- Fiu. 2 . 

HAUST Poet, by 

which the steam can escape. Ijet b be at the 
beginning of its stroke, so that the volume of the 
space between the piston and the end of the 
cylinder is very small, and let the pressure of any 
steam or other gases in the space be p^. If at this 
instant d bo open to the air, then P^ will equal tl)e 
pressure of the atmosphere. Close D and open c. 
The pressure inshle will instantly rise to that of the 
steam ; let this be p], represented by the point p, on 




the dii^am. The piston will now begin to move, 
and if steam continue to enter the cylinder the 
pressure will remain at%,. When the piston has 
advanced to E, let 0 be closed and the supply of 
steam be consequently cut off. The piston will still 
continue to move, being driven by the pressure of 
steam behind it; but this will no longer be F„ but 
will gradually fall as its volume increases, in a 
manner indicated by the line PjP, on the diagram, 
which is a}>proximately a hyjjerbola. When the 
piston reaches P, let D be again t)penod; the 
pressure will drop h) P^, and if the return stroke 
now commenctis, steam will escape from D at this 
pressure, or very nearly so. The Indicator Diagram 
will have the fonn shown by the lower part of 
the figure, and if we calculate the average height 
of this figure Pfli>,P,P.,i'o, we am find the average 
pressure of the steam during the stroke. To find 
the average height, we measure the total area of 
the diagram either by dividing it up into strips 
and applying Simpson’s Rule (y.r.) or by using 
the Planimetbb (fj-r.} Suppose the area to be 
a square incites, then if 2 be tiie length PqPq in 
inches and x the average height, which we wish 

to find, we have xl — a and x Wc know the 

original pressure of the steam, and therefore know 
how many jtouuds pressure are icpre.scutcd by the 
line I'gP,, and by jtroportion we can find the average 
pressure repre.seuted by x. The total amount of 
work done on the j>istoa during one stroke of the 
engine is then found as follows: Let a be the area 
(>f the piston in square inches,the average pressure 
during the stroke, I the length of stroke in feet; then 
jial i.s the work (in foot pt)iinds) do 7 ie in one stroke 
or half a revolution. If the steam acton both skies of 
the [)Lston, the work in one revolution is ‘Jpal, and 
it n lx; the lumiter of revolutions per minute, the. total 
work done on the piston per niinute is 'Irtj/al foot 

pounds or termed the 

Indicated Horse Power (J.U.P.) of the engine. 



Pic.. 8. 


An Indicator is an instrument for actually drawing 
the indicator diagram by the action of the steam it¬ 
self. A small cylinder A (fig. 3) communicates directly 
wdth one end of the cylinder of the engine by a tube 
at the bottom. A piston B fits smoothly in A, and 
is pressed down by a spring c, whose strength is so 
adjusted that the piston will rise a convenient dis¬ 
tance when the maximum steam pressure is exerted 
on B. The motion of n is communicated by a piston 
rod and link at D to a lever B, which carries a pencil 
at H. The pencil marks its position at each instant 
on a card v, which moves backward and forward at 
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the same rate as the piston of the engine. If S' be 
stationary, H will describe a vertical line, the line of 
no volume, and the positira of H shows the pressure 
of the steam at the instant; while if B be at rest 
(i.e. the Inlfet be cut off from connection with the 
cylinder by a tap), then if S' move backward and 
forward, we ahall obtain a horizontal line kl, the 
line of zero or atmospheric pressure. If b<ith F and 
B move, the pencil will tr^e out a closed fiMre, 
which shows the relation of the pressure and volume 
of the steam at each instant of the stroke. This 
figure is the actual Indicatob Diagbam for the 
engine; it will differ from the theoretical form shown 
in fig. 2, usually bfung more irregular in outline and 
having rounded oomefs. Thus in fig. 4 the piston of 
tlie engine begins to move 
before the steam in the cylin¬ 
der has reached its full value, 
causing the comer b to be 
rounded off; then the steam 
is admitted at full pressure, 
giving the line.BC, which is 
nearly horizontal; then the cut-off occur,si and expan- 
sitm begins. If the admission port were closed in- 
stantaiicously, the corner c would be quite sharp, but 
in practice this is never the case. Expansion goes 
on during the remainder of the stroke till the ex¬ 
haust |j<jrt ojK'jis, and I he prcs-surc falls from I) to K; 
the return stroke now occurs, and steam e.scapes from 
the cylindtr at nearly constant pressure (shown by 
the line Ka). If the exhaust poj-t be closed slightly 
before the end of the stroke, the pressure of the 
remainiug steam rises, through cornpres.sion, produc¬ 
ing what is termed CDSHtONJNti, which is shown bv 
the rounding oil of the corner A. If the cut-off occur 
earlier in the stroke, the diagram takes the form 
shown in fig. If the 
engine be fitted with a eon- 
(len.>.er, the pressure of the 
ste.'im falls to a value less 
than the atmosplieric pres- 
-sure, and the diagtara extend.s 
below the ATJi10S1'H1:UIC 
Lisb kl (fig. ;}), whi- b is 
tlruwn wlicn the piston of 
the indieutor remains at rest, 
while the card K mcjves in unison with the piston of 
the e-nginc. A somewhat different form of indicator 
is used for gas engines, or in any engine where 
the changes of }ires8nre am very rapiil; but the 
essential principle is the same. The diagram for 
a typical gas engine using the Otto t^ycle (see Gas 
ENtJiKKS) is given here for completeness (fig. 0). 
The line AM is marked out 
while the charge is being 
drawn into the cylinder. Tlie 
admission valve then e1os(;s, 
and the charge is compre.sscd, 
giving the line BC (the Coiu- 
PUE»siox Line;). Explosion 
oe.curs and the pressure rises, 
giving the line OD. If com¬ 
bustion were complete , before the piston began to 
move, this line would be vertical. At D the cx;>ansion 
of the exploded gases sets in, and the line mb (the 
Expansion Line) shows the pressure during the 
forward stroke. At b the exhaust valve or port 
opens, and daring the next return stroke the exhaust 
or burnt gases arc expelled, the pressure again falling 
to the valve at A, and the cycle is complete. The 
area of the shad^ portion is proportional to the 
work done in one cycle (two revolutions), and the 
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average pressure is, as before, the average hei^t of 
this portion. 

Indiffepent Equilibriniii. A body is in indifferent 
equilibrium if on receiving a small displacement it 
does not experience any force tending ^thec to in- 
crease or decrease the displacement. 


Indigo (Chent.) C,H^ C: C 

A dark blue solid which exhibits a coppery lustre 
when rubbed; insoluble in water, alcohol, ether; 
soluble in hot aniline, in hot naphthalene, and in 
melted paraffin. It can be crystallised from the 
former. On heating, it sublimes, forming lustrous 
copyKjry prisms. Its vapour has a density corre¬ 
sponding to the above formula. Alkaline reducing 
agents dissolve indigo, forming iNDiGO White, 


., .1 yC . OH \ C. OHv p TT . 


This property is used in dyeing cotton, the reducing 
agents employed being very various; lime and 
zinc dnst,^ all^line hyposulphite (q.e,), electrolytic 
reduction,* Indigo white is a white crystalline solid, 
.soluble in alcohol. Wljcn cotton is dipped in the 
alkaline solution and then exposed to air, the oxygen 
soon oxidises the indigo white to indigo again, and 
the blue so obtained is *■ fast.” With sulphuric acid 
indigo forms, according to the strength of acid 
employed, mono-, di-, and trisulphonic acids. The 
disulphonic acid is soluVde in water, and is used in 
wool dyeing; its sodinm salt comes into trade as a 
paste under the name indigo carmine. On oxidation 
witli nitric acid or clilorine water, indigo yields 
ISATIN (s'.t'.); on distillation with caustic potash it 
yields Aniline (y,«.) Indigo is obtained to a very 
small extent from woad (Isatis Hneturia) ; to a much 
larger extent in India and South America fn)m the 
leaves of the indigo plant (huUgofera tinctoria). 
The.se pliuits contain a glueoside indican. When the 
leaves of the Indian plant are soaked in water the 
glueoside yields a sugar and a substance INDOXYL 
(q.r.), which on oxidation yields indigo. The natural 
indigo is not a pure substance; it contains indigo 
red, indigo brown, and indigo gelatine. Pure indigo 
may be obtained from it by sublimation, or by 
crystallisation from aniline, or by conversion into 
indigo white and allowing tlie alkaline solution of 
the indigo white to oxidise in the air. The pure 
indigo is called Indigotin. L-argo quantities of indigo 
are now made synthetically by the Baden Aniline & 
Soda Company. To give some idea of the scale on 
which artificial indigo i.s made, the export of indigo 
from the provinces of Calcutta and Madras fell in 
value by4.Hper cent, between the years lWW -6 and 
1899-1900; also in 19()t) the above company were 
converting yearly 2,0lX),000 kilos of glaci.il acetic 
acid into monochloracetic acid in the manufacture 
of artificial indigo. A further imiietus was given to 
the manufacture in 1901 by the Prussian Army order 
that all the blue military uniforms must be dyed 
by artificial iudigo. The synthesis employed M 
Ueumann’s. Naphthalene, the most abundant and 
cheapest coal tar jirodnct, is converted into phthalic 
anhydride by fuming sulphuric acid and mercuric 
sulphate. The anhydride yields pbthalimide with 
ammonia, and bromine and alkali convert the 
phthaliinide to anthraniUc acid. The latter with 
monochloracetic acid yields ortho<»rboxyphenyl- 
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glyoine, which on fusion with alkali and action of 
air jields indoi^l and then indigo. 




NojiKthalene. PKtluiIic <3nfiydrwicr 

a 7 “ 



CO 



) 0 H 



H 


Phthalirmdc. 


Nit 

ArithranUlc oeid. 




COOH. 


a\ 



CDOH 


VA 

NlfO^COOH MH 

OrthocartxKqfllihfiiyglycine, fodoiylic acid. 



Many other synthe-ses of indigo are known. 
Dyes an© D'yeino.—W. H. H. 


Si'f al»o 


Indigo A dark blue produced from a number 

of different plants, including Indigofera tinctnria .and 
Indigoftira anil (order, Jjcgumiimw), It is a useful 
blue for the house painter,although it cannot be mixed 
with lead or lead cbromate-s. Artificial indigo is now 
an established commercial success, and bids fair to 
drive the natural article from the market. For 
painting purposes indigo may be employed for pro¬ 
ducing effects difficult to obtain in any other way. 

Indigotin (fMn.) Indigo. 

Indigo White (Cltem.) See Indigo. 

IndJnm, In. Atomic weight, 114. A .soft 

white luetol; melts at 176°; on heating strongly it 
bnm» with a violet fiame; it dissolve-s in dilute acids, 
forming indium salts; its salts when acted on in 
solution by zinc or cadmium deposit indium. Forms 
three chlorides, InCl, InClj, InCI^ The first two are 
decomposed by water, giving the metal and Int'h,. 
The metal belongs to the same group as aluminium. 
It occurs to a minute amount in zinc blende, in 
adiich it was discovered by the spectroscope; its 
spectrum contains two bright blue lines. 

Indogen (iS'/tm.) Sne Inooxyl. 


CH(i 8 ) 

Ind<de (o). GrystalliBeB in 

NH 

shining petals; ^elts at 62° ; peculiar and rather, 
disagreeable smell; volatile in steam; soluble in hot' 
water, in alcohol, ether, and benzene. ■ It is a weak 
base. It i.s a pyrrol derivative. Indole is formed by 
putrefactive dtonges in the intestines; also when 
albumins are melt^ with uanstio potash. Formed: 
(1) By reduction of ozindole with zinc and hydro¬ 
chloric acid— 

CH,, CIT CH 

au, ^ \ CO -» CJI, . OH CH 

NH NH NH 


Tuntomoric 

(2) By reduction of orthonitrocinnamic add with 
zinc dust and caustic potash — 

,OH = CH . COOH 
C.H,< +3H- 

Vo, 

on 

C.H,CH + C0, + 2H,O 
NH 

It was first obtained by reduction of indigo. On 
oxidation with ozone it again yjasses into indigo. 
See aleo Skatole. 

C. OH 


Indoxyl {Chevi.), C^H/" );OH (d-ozyindole). 

NH 


An unstable oil which dissolv'cs in water with yellow 
fluorescence. In alkaline solution it is easily oxidised 
Ijv air to indigo. With pota.ssium pyro,sulphate it 

forms potassium indoxyl sulphate, ^jq ^ 

.substance which occurs in urine; it arises from 
indole wliich is formed in the intestines. Indoxyl is 
an iutcmiediate product in th<- synthesis of indigo 
iq.r.) It is forrntid from indigo by melting with 
caustic potash out of contact with air. In some 
of its reactions indoxyl behaves as if it had the 
tautomeric (see Tautomhuism) formula: 

C. OH CO 


CJl. 


\. 


CH 




>cn. 


NH Nil 

Indoxyl. Paeudo-lndoxyl. 

Thus with aldehydes and ketones it yields Indo- 
geuides, e.g. 


CO 


C„H, \ ^CiCHCgHs, Hcnzaldehyde indogenlde.. 


NH 


CO 


Indogen is the name given to the group 

NH 


Induced Current The current produced 

in a conducting circolt when tiie number of magnetic 
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lines of force passing through it is varied. See 

iMBtrctrtoK 

Indaeed MaipiAtlBiii. The magnetism prodnbed 
in a piece Of iron (or steel) which was previonsly 
nnmagnetised, b; placing It in a magnetic field. 

IndoolpUtee {THect. Mig.) (1) In general terms, 
•equivalent to Induction {q.v.) ( 2 ) The Co- 

aFFiciENi OF Self Ikdoction of any circuit. See 
iSULF IWDUCTION. 

Indiiotl<m Coil {Elect.') An apparatus for obtain¬ 
ing a very small current at a very high voltage from 
a battery current of low voltage, and hence really a 
transformer especially adapted to work with a con- 
tinnous current from a few cells. It consists essen¬ 
tially of an iron core, usually of wire, wound with 
two independent windings, the first or I’bimaey being 
mcfuly two or three layers of stotit wire. This is con¬ 
nected to the battery through a “ contact breaker,” 
the result being to miignetisc and demagnetise the 
cure at a rate determined by the stiffness of the 
contact breaker spring. The lines of force thus pro¬ 
duced cut the SikioxDAnr coil, wound over the 
primary, setting up in it an induced E.M.K. whose 
magnitude depends only upon the number of lines of 
force, the number of tui ns, find the rate at which the 
lines cut the tum.s, and thus may be made great 
■enough to pnxluce sparks of considerable length by 
suflficiently increasing the number of secondiiry 
turms. The greatest care is neccssiiry in insulating 
the seoondaiy from the primary, and also the various 
turns of the secondary from each other, and large 
-coils usually h.ave the secondary built up of numerour 
in<iependent small coils wound in thin vortical slices 
separated by discs of insulating materiid. 

Induction, Electro-Magnetic. When a conductor 
is nioverl at right a:igl»;s to the lines of force 
in a magnetic field {J.e. when there is relative 
motion), Jtn olectroruotivc force is .sej up in it wliich 
is indeifondcnt of its material, and, e,\’ccjit indirectly, 
of its size and sliape also; it doperid.s only upon tlie 
munber of lines of force cut and the tunc in which they 
are cut. In oth<!r words, the rate of cutting is a 
measure of the E.M.F. If the conductor and the 
field are not at right angles, only the rc.solved i;om- 
ponent of the motion whieli is at right angles to 
the lines of force is effective, no E.M.F. being pro¬ 
duced by the component of tht; motion along the 
lines of force. The fact that an induced E.M.F. is 
independent of mtiterial is the kisis of the definition 
of unit E.M.F., which is naturally defined as being 
the E.M.F. produced in a conductor cutting one line 
of force per second. It should be noticed that the 
induced current cannot be so simx>ly stated ; it may 
not even exist, and in any case it.s magnitude depends 
upon the resistance of the conductor and of the rest 
■of the circuit. See aUo Induction (Self, Mutual, 
Maoneti?, etc.) 

——y EleetPOStatic. When a neutral body be¬ 
comes electrified by mere proximity to a charged 
body without actually receiving any of its charge, it 
is said to be charged by induction. Another way of 
expressing the same fact is to say that if lines of 
electric force pass in or out of a conductor, they end 
and begin In electric charges, and hence a conductor 
necessarily becomes charged when placed in an 
electrostatic field of force. 

——, liaglMtic. If a piece of iron, steel, etc., 
previously unmagnetised, be placed in a magnetic 
fluid, it becomes a magnet. It is then said to be 


magnetised by induction. See MAONitTIO In¬ 
duction. 

lnditctloB,Miitnal(J?2sof.) Wbenacurrentlsstarted 
or stopped, or varied in strength in one circuit, it 
will produce an induced E.M.F. in a neighboitring 
and independent cirenit, because some of the Hnes 
of force produced in the first circuit cut the second. 

- f Self {Elect.") When a current fiows^in a 

circuit, a magnetic field of greater or less strongth 
is always produced, and this field, while appearing or 
disappearing, neca5sarily cuts the circuit itself, and 
>n so doing sets up an induced E.M.F. With steady 
currents this effect only occurs at its starting or 
stopping, the result being that the rise of a current), 
is opposed by the self-induced E.M.F. in the opposite 
direction, and its stoppage also opposed by another 
self-induced E.M.F. in the same direction, the effects 
being most conspicuous in the case of colls of wire 
having iron cores. The result is that an electric 
current behaves as if it possessed inertia, and is 
unable to start or stop instantaneously. 

- , Self, CoefBoient of {Elect.) This may be de¬ 
fined for any circuit or part of a circuit as being nume¬ 
rically equal to the " amount of cutting ” which takes 
place when bnit current is stopped or started in that 
cirenit. For instance, if unit current produces I 
lines of force, and these lines cut n turns in appear¬ 
ing or disappearing, then 2 x n is the “ amount of 
cutting,” and is the coefficient of .self induction. 
This is the absolute unit, the practical unit being 
the Henuy, which is 10" absolute units. It is usually 
denoted by the letter L. 

Induction Valve, Port, etc. {Eng.) The valve or 
lK)rt by which steam (or gas) enters the cylinder of 
an engine: more usually termed an Admission Valve 
or Post. 

Inductive Capacity, Specific {Eleot.) See 
Specific Inductive Capacity. 

Inductor Alternator {Elect. Eng.) An alternating 
currenU dynamo in which the change of flux through 
the arn»aturo coils is produced by the motion of 
masses of soft iron, both field magnets and armature 
Coils remaining at rest. Sec Dynamo. 

Indulinea {Chem.) Dyes ranging in shade from 
red to dark blue. They arc insoluble in water, but 
soluble in alcohol. They arc divided into classes aa 
follows; 

Benzene iudaUnc, IIN : CgU^ 

Isorosinduline, HN : 

Rosinduline, HN : C,H,. 

Naphtbinduline, HN; ^ ^ 

From these many derivatives are obtained by intro¬ 
ducing other radicals in place of hydrogen in the 
HN, and benzene and naphthalene residues on the 
left and right of the formuim. The preparation of 
the simpler iiidnlines consists in heating together a 
mixture of amidoazubcazene, aniline, and aniline 
hydrochloride. Eo.sinduline is prepared by boating 
benzcne-azo-a-naphthylamiue with ani^e and 
aniline hydrochloride. 
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Industrial Soaps. A term used to describe that 
class pf soap used for special purposes, such as ox 
gall soap, which is useful for scouring woollen goods 
and cleaning car^iets, soap for silk dyers, fulling 
soap, etc. 

Inequalities, Secular (Astrm.) Perturbations of 
the celestial bodies so small that they only become 
important in a long period of time. 

Inertia. The property of matter whereby it resists 
the action of a force which tends to cliango its state 
of rest or of uniform motion in a straight line. 

- , Moment of. A quantity which takes thef 

place of mass in the mechanics of rotating bodies, 
ft is obtained by muliiplying the mass of each 
particle in the rotating body by the square of its 
distance from the axis of rotation, and summing the 
series to an infinite number of ieiTns. It can be 
shown tliat the ordinary equations of linear motion 
are true for rotatory motions if moment of inertia 
be written in place of mass, and angular velocity in 
place of linear \clocity; for instance, the energy of a 
rotating body is lti>\ where I = moment of inertia 
and u = angular velocity. The moment of inertia 
of a body is often written in the form I 
where M is its mass and k the radius of g 3 ’rat.ion; 
i.e. that distance from the axis of rotation at which 
all the mass must be placed in order tbat its kinetic 
energy may Ik*, unaltered. 

Ineseutcheon or Shield of Pnetence {Her.') A 
small shield placed on uu escutcheon. The arms of 
Ulster are placed in this manner on the shields of 
baronets. 

Infection. See Contagion. 

Infectious Diseases iHijf/ieiu ). See Dangekou.s 
Infectious DiBUjiSEs. 

• Inferior Con^junction {A^ron.') Two or more 
bodies arc said to be in conjunction when they are 
in the same longitude or right ascension. They ar <3 
in inferior conjunction when they arc on the same 
side of the sun. 

Inferior Figures or Letters {.Typog^) Kmall 
letters or figur<*.s which range at the bottom of an 
ordinary letter or figure, thus: „ 3 . lire reverse of 
“ superior.” 

Inferior Planets {AAnm.') Those whose orbit s lie 
between that of the earth ;ind the sun, \.e. Mercury 
and Venus fy.r.) 

Infiltration (&cr)Z.) A mode of action connected 
with the tendency of fluids to spread to wider 
areas under the combined influence of surface 
tension and gravitation. Water containing any on*; 
of various substancc-s in solution may thus cany 
them into various parts of the Earth's crust below 
and around their starting point, and may eventually 
leave these sub-stanccs in new positions. Iron, silica, 
carbonate of lime, carbonate of magne.sia, and other 
substances may Ikj introduced into rocks by this 
means. 

Inflation Tybks. 

Influence Machine {Mlect.') A general name for 
static electrical machines which make use of the 
principle of induction instead of friction. See IIOLTZ, 
WiMSHiTRST, and Voss Machines. 

liifula,j;f. Infolae {Cost.') The pendent lappet or 
lappets hanging from a bishop’s mitre and falling on 
the shoulders. Originally the term was applied to a 
form of mitre itself. .< 


Inflate {Foundry). Tim gate ($.«.} by which fluid 
raetm enters a mould. 

Inflenhauu’s Ei^eriment {Seat). An experiment 
to comimre the couduotivities of different materials, 
in the form of rods or bars of equal section and 
similar state of surface. The bars are coated with 
wax, and one end of each kept at a fixed temperature 
by means of boiling water or other convenient 
method. When a steady state is reached, tlte wax 
is melted to different lengths along the bars, and the 
conductivities arc proportional to the squares of the 
lengths of the melted wax. 

Inflot {Met.) A mass of metal which has been 
poured into a mould in order to give it a shape 
(nsnally tliat of a short rectangular bar) convenient 
for handling, transit, or storage. 

InflFaln {Hee.) A class of wallpapers noW very 
popular, made from dyed pulp, which gives the pre¬ 
vailing colour to tlic paper in contradistinction to 
ordinary wallpapers which are “ grounded ” or coveroff 
wirh distemper rolonr. Ingrains are often used quite 
plain, i.e. without pul torn, but some are printed with 
a pattern in very light colours. The surface of most 
ingrains is absorbent, almost like blotting paper, and 
the usual method of a])i)ljing plenty of pa-ste and 
allowing it to soak c.auiiot successfully tie followed 
with them; as little moisture a.s possible must be 
used. In all ca.s'es lining or plain pafier should be 
hung underneath, e.'pccially if old paper is loft on 
the wall. Even when projierly hung, ingrains are 
very apt to fade. The dyi's employed are mostly 
fug'itive. See rAl‘BUll.\XoiNG, WalLtAPEKS. 

Initial Condensation (F/ig.) Ciondensation of 
steam on first entering a cylinder. 'J'he lossof energy 
thus c.ausod is largely pru\enle<l bj' keeping the 
cylinder hot by means eif a Stk.vm J.vckeT {g.v.) 

Initial Pressure {Fag.) The pre.'.sure at which 
steam first enter'' ‘a steam en^im. cylinder, or tlu* 
pre.s-jure of the gas in a gas ergino cylinder at the 
instant after the explosion has occurred. 

Ii^ection {Fug.) Applied generally to the 
forcing of a small stream of fluid into a vessel, 
especially to the fovetng of water into a boiler by 
means ol an injector {g.e.), or into Uie condenser of 
au engine. 

- (or Jet) Condenser (Fng.) See CONDENSKB. 

Injector {Fug.) A piece of apparatus for forcing 
water into a boiler. A jet of steam mingles with a 
jinrtion of the supply of fe«xl water, and by its con¬ 
densation causes a partial vacuum, into which the 
main portion of the feed water rushes with gr<'at 
velocity. The kinetic energy of the moving water is 
sufficient to force a .steady stream of feed water into 
the boiler. 

Inker (Print.) One of the rollers in a printing 
machine which apply ink to the type. 

Inks. Writing ink is a mixture of feirous and 
ferric gallates, to which gem has been added. It is 
made from nutgalls and ferrous sulphate (ooi)pcras), 
the glim serving to keep the gallates in suspensiou. 
The galls are sometimes rejilaecd to a greater or loss 
extent by use of logwood and indigo extract. 
Coloured inks are now usually made from coal tar 
dyes, e.g. eosin or rnagenfa for red ink. Sympa¬ 
thetic Inks arc of various kimls. The writing may¬ 
be done with a solution of cobalt nitrate, when it 
will be colourless till it is warmed; the heat will 
turn it blue. The writing may be done with silver 



ZNli 


311 


IN’S 


nitrate, when it will turn black on exposure to 
sunlight. The writing may be done with a solution 
of copperas, and afterwards made visible by washing 
with an extract of gallnuts. Pbiktikq Ink is a 
mixture of boiled linseed oil and lampblack. 
Coloured inks are prepared by using a suitable 
pigment in place of the lampblack (vermilion, oxide 
of lead, lead chromate, Prussian blue, ultramarine, 
etc.) Masking Ink should contain silver nitrate, 
Indian ink, and gum. 

Inlets for Fresh Air. See vndi^ (Sanitation. 

Inliep((/sol.) An exposure of rock which is com¬ 
pletely surrounded by higher or newer rocks. It is 
a term which is usually restricted to sedimentary 
rocks occurring nndcr the conditions named, but 
it is also apx'licd to similar exposures of intrusive 
masses. It is a correlative to Outlieu (a'.u.) 

InoeolatiOB {Hygiene'). A method of communi¬ 
cating a disease in a mild form by directly intro- 
' ducing infectious matter hito the system. This 
renders man more or less insusceptible to such 
disease. 

Inorganic Chemistry. A term long applied to the 
study of all the elements and their comi»ounds, 
excepting tht'se of carbon, which were supposed to 
be produced by or intimately connected with 
• organic proces.«os, i,e. processc.s carried on in or 
by the agency of animals and plants. The distinc- 
, tion between inorganic and organic chemistry wa.s 
shown to be unreal and arbitra'ry when the synthesis 
of carbon compounds from their elements became 
general. 

Inorganic Evolution (Aetron.) An hypothesis 
which has jjiaii\ si long facts to support it, viz. that 
all the various kinds of matter, all the various 
so called chemical elements, may be built up in some 
way of the same fundamental sukslance. 

Inorganic Ferments ( Chow.) See Enzvmus. 

Inosite or Hexahydrohexaoxy Benzene ( Chem.), 
Cb11,.(OHX. a iristalline solid which exists in a 
dextro, a laevo, and an inactive form. It occurs in 
muscle (it is .-nmetimes ealh'd muscle sugar), in the 
liver, and is largely distributed in the vegetable 
kingdom. 

Insect Wax {railed aho Chinese Wax). Is secreted 
by the insei t ('ooevst cerifrrux. It is \\ hite, odourless, 
tasteless, ami almost as hard as f'amauba wax (y.r.) 
It is used in Japan and China for making candles, 
sizing paper and cotton goods, but is not exported 
excepting in small quantities. 

Insertion Joint (A’»y.) A joint in pijies which is 
made watertight l>y the use of a ring or washer mtide 
of indiarubber or rubber alternating with layers of 
canvas. 

Inset (Ib’/«<.) A .slieet, or the part of a .sheet, 
which falls inside another sheet in sequence of 
pagination. 

Inside {haee Hanvfar.) A term that includes all 
the most, delicate working parts of a lae.e machine, the 
principal being the “ combs ” and “ points." 

Inside Calipers. C.a]i])ers {q.v.) with the points 
tnnied ontward, for measuring the internal diameter 
of a cavity. 

Inside Crank {lUng,) A crank formed on the shaft 
so as to lie bet%veen the bearings; the most usual 

form. 

Xniide O^Iinden {Eng.) * Cylinders of a locomotive 
trhich are fixed inside the frame. 


InMde Gouge {Carp., etc.) A Pabing or SomniNO 
GouGK(sr.v.) 

Inside Lap {Eng.) See Sudb Valve. * 

Indde Lead {Eng.) See Slide Valve. 

Insolation {Phyt.) Exposure to sunlight for the 
purpose of producing phosphorescence. 

Inspection Chamber {SmttafAon). A chamber at 
the junction of drains to allow of inspectijjn. See 
Dkains. 

Installation. Machinery, plant, apparatus, etc., 
which is set up in a more or less permanent manner, 
e^}. machinery comprising engines, boilers, dynamos, 
switch boards, cables, wires, lamps, etc., for supplying 
electric light. % • 

Instantaneons Centre. If two bodies me moving 
in any manner in a plane, their motion at any given 
instant can be fully repre,sented as a rotation about a 
certain point, termed the Instantaneous or Vibtual 
Centbe. lliis point is the intersection of two normals 
(the Vibtual Kadii) drawn to the directions of the 
motion of the respective bodies. 

Instantaneous Yaioe (Eleet.) The value of a cur¬ 
rent or electromotive force at any given instant. 
If tlic current (or E.M.P.) vary harmonically, then the 
instantaneous value (A) at time t is given by the 
equation 

A = Afl Sin pt, 

where A„' is the maximum value, and p a constant 
depending upon the frequency. 

Instantaneous Vice {Eng., etc.) A vice in which 
the griji is obtained by some form of cam or rack. 
Tbi.« can lie fli.sengaged at will, and a large movement 
of the jaws rapidly effected, the loss of time being 
much less than when the jaws are operated by a 
.screw, as in the ordinary vice. 

Instrumentation {Mutic). The art of orchestral 
writing. 

Insulate, Insulation {Elect.) The separation of 
conductors from other conductors by means of non¬ 
conducting materials; also frequently used for the 
material itself. St-e Insulating Matbbials. 


Insulating Materials or Insulators {Elect.) A 
perfect insul.ator is a substance which does not 
conduct electricity. No really perfect insulator 
has been discovered yet. In practical use the 
substances which approach the required conditions 
most nearly are those with very high resistance, 
e.g. glass, porcelain, ebonite, guttapercha, rubber, 
various resins and waxes, certain minerals {e.g. 
micii), silk, and various oils. Gases are almost 
complete insulators from the ordiiuary point of view 
of the practical electrician, though a gas may convey 
electricity freely at low pressures. The specific re¬ 
sistance {q.v.) of some important in.salatiug materiali^ 
is as follows; 


Mica 

Glass 

Guttapercha 
Shellac . 
Ebonite . 
Paraffin wax 


8 '4 X10' megohms. 

9 X 10' „ 

4*5 X 10* 

9xl0» 

2- 8 X 10'" „ 

3- 4 X 10'" 


The above resistances are ail given at ordinary 
temperatures. 

Inaulating Paint. A paint made of fossil ^m, a 
pigment, and a vehicle, usually spirit or naphl^ in¬ 
tended for use in connection with electrical appliances, 
being unaffected by the current. 
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luoifttiag BuifteBM (Meat,') See iNsnLATiNO 
Matsbiaijs. 

InnilAtor (Meot^ A snpport or coating com¬ 
posed of some iNSPLATliro Matebiai. ; applied 

to a conductor in order to insulate it. 

Intaglio (Arohiteet.') A species of sculpture in 
which the subject is carved into the ground so as to 
form a hollow. See Cavo Relievo, Basso Relievo, 
Alto BsOiiErvo, and Ms^zo Relievo. 

■ ■ ■ ■ —- (Ar€). (1) A figure engraved or cut into 

a substance so that the design is below the surface. 
(2) A gem with a figure or device cut in the fore¬ 
going manner, e.g. a seal. An intaglio or incised 
carvi^ is the reverse of a Cameo (ff.r.) 

* ftitenalfleation (Photo.') Increasing the opacity 
of the image to actinic rays either by depositing 
additional silver from a solution of its stilt or by tlie 
fMBe of a metallic salt (very frequently mercury), 
followed by ammonia. Intensification does not add 
to the detail in the picture; it merely strengthens the 
image already formed. 

Intenaifien (Photo.) Solutions used for Itensifi- 
CATIOK (q.v.) If mercuric chloride be employed', the 
negative is soaked in a solution of this until bleachetJ, 
and, after well wa.shing, blackened by means of either 
sodium sulphite, ammonia, or by the application of a 
ferrous oxalate developer. 

Intensity of Light. The quantity of light which 
falls upon a unit area of the illuminated surface. 
Intensity is usually measured by comparison with an 
arbitrary standard, sach as the light irom a standard 
candle. See alto 1llvui>'Atiom. 

Intensity of Magnetisation. A measure of mag 
netic strength based upiin the idea of magnetic poles 
and action at a distance. It is numerically equal to 
maggietic moment divided by volume, and hence in 
the ideal case of a uniform bar having free poles 
wholly on the end surfaces it mean.s the number of 
unit poles per unit area of end surface. 

Inierbedding (Geol.') A term used ns a correlative 
to IVTBUSIVE. It is thus applied equally to rocks of 
volcanic origin and to normal sediments,and conveys 
the idea of repeated alternations of conditions favour¬ 
able to the deposition of bed.s of rock. 

Intemeptor (Sanitation). See Discokeecting 

Tbafs. 

Intensepts (Min.") The lengths of the axes ent off 
by the crystal face or by the extension of the plane 
of that face. See Systems, Chystallogbai^hic. 
The simplest example is the regular octahedron (of 
the cubic system), where the intercepts are all equal. 
The intercepts are thus, 1:1:1. The face of the cube 
is ptu'allel to two of the axes, but cuts the other at 
unity, hence the intercepts are 1: CO: 00> Thu inter¬ 
cepts are always expressed as whole numbers, and 
these numbers are usually of low value, rarely more 
than ten. Thus, if the amount of one axis cat off 
by a face was half the unit length of that axis the 
intercepts are written 2:4:1 instead of 1:2 : |. 

IntercluuigeBble Parts. In many modem machines 
it is customary for the makers to supply spare parts, 
which can be substituted for damaged or worn parts, 
udthout alteration or fitting. The production of 
strictly interchangeable parts is only possible when 
they are made very accnrately to gauge, and depends 
very la^ly on the use of automatic machinery in 
the manufacture of the articles. (Cycles, motor cars, 
seagoing machinery, and many xnapbines required 


for export are some of the best examples of mechanism 
whose value is much increased by the interchange 
ability of parts. 

Intantolmiuilaitjoii (ArehMeat.) The space between 
two columns measured immediately above the bases, 
except in the case of the Greek Doric order, in which 
the intercoliuuiiiation is measured at the lowest part of 
the columns. See I’ycnosttlb, Ststvlb, Ecbtylb, 
DiASTYLE, AB.EOSTYLE, MOEOTBZGLYPH, DlTBl- 
glyfh, and Tbitbiolyph. 

Intepdentlla (Architeet.) The space between two 
DENTir.S (q.v.) 

Interfopenoe (Phg».) A term chiefly used in con¬ 
nection with light waves, but applicable to wave 
motion generally, and really meaning that when two 
or more waves traverse tl>e same space the net result 
is the algel>raic sum of the separate disturbances. 
Ilenco two waves of equal frequency and amplitude 
will have a resultant soro when a pha.«e difference of 
half a wave length (or any multiple of half a wave 
length) exists between them, and will, conversely, 
enhance each other’s effect when the phase difference 
is a whole wave or any multiple of a whole wave. 

Interference Colours (/^////tf). Transparent lamiom 
of any material wliulever cxliibit colour if they arc 
thin enough. This is due to the fact that some 
light is reflected from each suVface; hence the [tart 
reflected from the second surftice, Laving farther to 
go, is retarded with resjtect to the part reflected from 
the first surface, so tliat the two m.iy strengthen or 
weaken each other acconling to the phase difference 
introduced. 8uch col(>iii"s occur frcquimtly in nature. 
Instances are soap bubbles. molher-of-|K'ai'l, very old 
gla-.s article.s, po.acocks’ feathers, and the plumage of 
many birds. These colours may lie «llstinguisliod 
fiom absorption colours by the fact that the tint 
varies as the position of the observer changes. 

Interference Fringes (Light). When two spherical 
waves diverge from closely lidjacent point sources (or 
from two narrow parallel slits wfiich arc really rows 
of point sources), then in the space they mutually 
travcr.se there will be points at which they destroy 
each other by interfereme, and other points at which 
they reinforce each other. When a small portion of 
the wave front is njceivcul on a scrc'en or the retina, 
the re.'-ult is a serie.s of bright or dark lines known 
as iNTEBFKiutNCE FiiiNCES. The distance between 
the lines v.-vries with the wave kmgtb, hence mono¬ 
chromatic light is necessary for good definition, 
white light giving a series of sujierjio.scd fringes of 
the various csolours, and thus exhibiting niinbow 
tints. Such fringes can be prcxluccd in many ways— 
for instance, by Fre-snel’s bi-prism (q.v .)—and may 
often be observed by merely looking at a lamp 
filament tlirough a pocket handkerchief or through 
the eyelashes. 

IntcFlace (Textile Manvfac.) This relates to the 
crossing of warp and weft, the ortler of the Inter¬ 
lacing in a weave prescribing the structuie of the 
cloth. 

Intermat (Textile Manu/ao.) Tlie term applied 
to the felting or shrinking of cloths, the fibres 
intermatting or felting together. 

Intermediate Part. The term “ intermediate ” is 
applied in engineering to a wheel, shaft, cylinder, 
etc., which lies between and is connect^ to two 
similar parts. 

Intermittent Downward Filteatima /^Filtba- , 
TIOB, aaid under SANITATION. 
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iHtenud Ohavaoteriatlo {Meat. Eng.) A curve 
showing; the ration between the onxrent and the 
electromotive force in the armature of a dynamo. 
See aleo Dykamo. 

Internal Honipensatlon {Chem.) See Stebqo- 

ISOXBKliiai. 

Intomal Fine (Eng.) A fine running through a 
boiler so as to be surrounded entirely by water. 

Internal Forces. Forces acting between different 
parts of the same body, e.g. stresses. See Internal 
Stbbbs. 

Internally Fired Boiler (Eng.) A boiler whose 
firebox or furnace is inside the boiler and surrounded 
by water. 

Internal Mitre (Build.) The intersection of two 
mouldings forming an angle of less than 180°. 

Internal ReoiBtanoe The resistance which 

a current generator of any kind itself po-ssesses, and 
which oannot be varied, as distinguiHhed from the 
external resistance, which may have any value. The 
sum of the two makes up the total resistanoe of 
the circuit. 

Internal Screw (Eng.) A screw cut on the inside 
surface of a hollow ca Under {e.g. a nut). Also called 
a female thread. 

Internal Stress (Eng.) Strictly, all stresses are 
internal in their nature; but the* term is especially 
applied to stresses in a piece of^maierial which are 
not due to the load or other applied forces, but. to 
contraction or some similar fault due to bad design 
or construction. 

Internal Work (Phy.i.) Whenever a substanee 
alters its volume in consequence of a lieat. change 
in it, some work must be done by or done against 
external presstire, and therefore it i.s convenient 
to distinguish between the heat actually given out 
or absorbed by the substance and corresiwnding to 
internal work, and the portion equivalent to the 
extenuil work done. For instance, aliout 537 heat 
units arc required to change unit mass of water at 
100° to steam at 100°, and of these about 40 are 
expended agsiinst atmospheric pres.snre, the re¬ 
mainder being actually required for tlie change of 
state, or internal work. 

Interrupted Cadence (Mwie). See Cadence. 

Interaeotion Theory (Textile Mawifac.) The 
theory of cloth construction determined by the 
number of intersections or interlacings between 
warp and weft yarns and their relative diameters, 

Inter-Tle (Caxp. and Join.) The intermediate 
horizontal timber formiog the tie in a trussed 
partition. 

Interval (Mtmc). The d iffcreuce in pitch between 
any two sounds; scientifically, the ratio l)etween the 
frequeumes of two notes. In music, intervals are 
rec'.koned from the lower sound upwards, including 
both notes, and classed according to the number of 
alphabetical letters included. Thus C to 6 is a fifth, 
as it includes the letters c, d, e, f, g. lutervals exceed¬ 
ing an octave are called compound intervals, and with 
the exception of the ninth, eleventh.and thirteenth are 
for harmonic purposes reduced to simple intervals by 
subtracting seven and treated as that simple interval; 
,e,g. a twelfth is treated as a fifth, or a fifteenth 
(double octave) as an octave or eighth. Intervals 
are subdivided into different classes according 
to the ttumber'of semitones contained: seconds, 
thirds, sixths, and sevenths are colled major and 


minor; fourths, fifths, and octaves, perfect. IS" 
tervals a semitone less than perfect or less 
minor are called diminished, and those a semitone 
greater than perf^ or major are called augmented 
The following table gives the intervals within an 
octave and the number of semitones contained in 
each. Note that in each case the interval, as stated 
above, is counted according to the alphabeti(»l 
letters contained, not according to the numter of 
semitones contained; e.g. C to G5 is a fifth, whilst 
C to F|: is a fourth, although in each case the number 
of semitones contained is six. 


Intkrvai,. 

Vniaoo. Semitone. Seconds. Thirds. 
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When an interval is turned upside down it is said 
to be “ inverted.” The inversion may easily be found 
by subtracting the interval from 9; thus: 







!i 


is a major sixth. 



— (the inversion) 


is a minor third. By inversion perfect intervals 
remain perfect, major become minor, minor become 
major, augmented become diminished, diminished 
become augmented. 


Intrados. See Arch. 


Intramepoarial Planets (Astron.) Planets vbibh 
ma}' poasibly revolve round the sun in orbits inside 
chat of Mercnr}'. 

Intramolecular Chaa|e. The name given to a 
kind of reaction in which the atoms which oompose 
the molecule of certain compounds undeigo a re¬ 
arrangement and produce a new compound. This 
kind of ohange oan be brought about in many ways, 
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as the following examples show: (1) Ammoniam 
oyanate is transformed into urea on evaporating its 
aqueous solution on the water bath : 

n:C.ONH, = CO<^|*. 

([2) Hydrasobenzenc is transformod by acids, even 
in the cold, into benzidine and a small quantity of 
diphenylene: 


HC 



COCH, 
NH * 
C 

■/Nch 


HCf 


HC\ A?H 


V 


CCl 

Papcichloracctanilidc. 




CH 

OrthocMoracetonUide. 


(3) Phenylacetyl nitrogen chloride is transformed, 
on standing in glacial acetic acid solution, into 
parachloracetanilide and a small quantity of ortho- 
chloracetanilide: 



at which consolidation took place, as Pltttonio, in 
the case of the deeper seated rooks, and Tbappbajt 
for the remainder. 


Inulin (Ckem.), (C,H,jOj)„. A white crystalline 
solid which occurs in many plants, e.y. in dahlia 
tubers, in cltioory, etc. It is coloured yellow by 
iodine. On hydrolysis with water containing a trace 
of sulphuric acid, it yields pure lievulose. 

Invected (Her.) A partition line formed by semi¬ 
circular indentations, the converse of engrailed. 
See under Hebaldry. 


InYerse Square Law (Phytt.) Most physical 
phenomena (electric and magnetic forces, various 
forms of radiation, etc.) arc observetl to decrem^e in 
amount as we recede from the source or point from 
which the effect proceed.s; if 1)}' doubling the dis¬ 
tance the effect fall to one quarter of its previous 
value, tlu‘ phenomenon is said to follow the IN- 
VKESK Square Law. Thus, if the amount of 
force (e.g. electric or magnetic attraction) at a 
given point be /, and tiio distance of the point from 
the source or origin of tiie force be r, the law is 

expressed by the equation It being a constant. 

Inveraion (Chem.) A name given to the change 
which occurs when c.ane sugar is treated with dilute 
acids. Cano .suptr is dextrorotatory. After warming 
with very dilute sulphuric acid it is changed to a 
mixture of equal quantities of di'xtroseand l»vulo.se, 
of which the latter is moii- sir >ngly Imvorotatory 
than the former is dextrorotatory. Hence the pro¬ 
duct is liexorotatory. Tliis cliaiige in the direction 
of rotation gave the name Inversion to the proccs-. 

- (Muiic). (1) Of Intervals (jtcc Interval). (2) 

Of a chord ; when any note other than the Hoot is in 
the Bass or lowest part, a chord is said to bo in¬ 
verted. (3) Of Countcjpoint: when the lower part 
is placed above the upi)cr in Double C'ounterfjoiut, 
or rice verm. (I) Of a Fugue subject: when tbe 
subject is given in contrary motion, thus: 


6n|ijc<ct. 


3, 3. Rach. 
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( 4 ) Nitrons acid changes oleic acid into claidic acid 
(g.v.) It also changes maleic aci<l fumaric acid; 

COOH.C.H cooil. o.n 
II = li 

coon.C.H H.C.coon 

Some of the alkaloids undergo intramolecular re¬ 
arrangement to a remarkable extent; thus cinchonine 
forms the isomeric alkaloids cinchonicine, cinchoni- 
dine, allocinchonine. 

Intrusiye Rocks (Geol.) Eruptive rocks which 
have grade their way, wliile in a fluid .state, upward 
and outward from deep seated sources (presumedly in 
connection with volcanic foci), and which have con¬ 
solidated somewhere below the surface. The great 
majority of intrusive rocks replace their own volume 
of the rock they invade, i.e. tliey do not displace it. 
Intrusive rocks may conveniently be distinguished 
in accordance with the position below tbe surface 



(6) Of a pedal: when a pedal point is held at some 
other po.sition than below the harmony it is called 
an invcrt.cd pedal. 

Inversion of Images (Kleet.) An application of 
the matlieinatical tlieoiy of inversion to the solution 
of problems on electrostatics. When any one problem 
is solved, the solution of another may be deduced by 
a purely geometrical process. 

Inversion, Thermoelectric (Elect.) If one 
junction of a thermoelectric couple l>e kept at 0“ C. 
and tbe other varied in temperature, there will 
usually be some point at which the E.M.F. becomes 
zero and then reverses its direction. For instance, 
with iron and copper the temperature of inversion 
would be 550'’ C. More generally, for any two metala 
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forming a thermo-couple, there is usually some 
temperature, called the neutral temperature, such 
that there is no E.M.F. in the circuit when the mean 
temperature of the junctions is equal to the neutral 
temperature. When the mean value is less than 
this, the is in one direction, and in the 

opposite direction when the mean value is greater. 
For copper and iron the neutral temperature is 
271*^ C. 

Invertose or Invertin (Chem.) A widespread 
enzyme. It occurs in brewers' yeast; in some 
mo^ds and bacteria; in the plants yiehling cane 
sugar; in the liver and intestines of man. The 
process of extraction from yeast is complex and 
long. In outline it is as follows; Yeast is treated 
with strong alcohol, and the re$idue with chloroform 
water; the latter is liltered into absolntc alcohol, 
and the precipitate dried in vacuo over sulphuric 
acid. The product still c;ontains ash, which can only 
be removed by an elaborate process. It is a light 
white powder, and its importance lies in its power 
of inverting cane sugar. AVr iNVEiiHlON. Traces of 
acid promot<i its action, while traces of alkali retard 
its aoti<in. lt.M optimum temperature is about 50'^ C. 

Invepted Arc (ISk-rt. En^.') An arc lip lit having 
a conical reflet'Tor lixed bc.nouth it, so as to throw 
the light upward. Used in a room with a Hat 
coiling, it produces very uniform illumination, free 
from shadow.s, and is suitable therefore for work¬ 
shops, drawing ollicc.s, and many other purposes. 

Inverted Arch An arch built (near the 

footings) upside down to distribute the weight of 
piers, etc., over a greater area. 

Inverted Commas. Commas placed thus “ " to 
denote that the matter is quotenl; also to denote 
the title of a book, etc. 

Invert Sugar ( ('Imm.') The mixture of dextrose 
and lasvulose obtained on inver-ion of cane sugar. 
Sec IsvititsioN. 

Involucre {Uotany). The investment of over¬ 
lapping scales or bracts on the underside of tlic 
capituliim or inflorescence of tlie Composita;. A 
similar, but less ciowdcd, involucre occurs in the 
UmhelUferte, at the base of a main branch of the 
umbel. 

Involute. If a cord wrapped round a carved 
surface be unwound (the unwound portion being 
kept tight), its free end will describe a plane curve, 
termed the IxvontTTii of <he first curve; the original 
curve is termed the Kvolutk of the curve generated 
by the end of the cord. If tho cord be unwound from 
a circle, ttic curve obtained is termed the Ikvolutr 
OF TUB ClUCLB. 

Involute Teeth. Wheel teeth whose curves are 
formed by the involutes of a circle. In such 

teeth, both tlie root ami point of the teeth form 
parts of one continuous curve. By reason of this 
property the distance between the axles of tw'O 
gearing whecds with involute teeth can be varied 
without interfering with the smoothness of action of 
tho teeth. Such wheels are used in rolling mills, 
etc., where the distance between the axles is apt to 
vary somewhat. No other form of wheel teeth will 
allow of this variation. 

lodatea (diem.) Halts of iodic acid. Sodinm 
iodate occurs uatnrally along with sodium nitrate. 
See viuier loDiNB. Potassium iodate, KIO,, is 
obtained by the action of caustic potash solution on 
iodine, 31, + 6K0H == 5KI + KIO, + 3H,0. As the 


iodate is much less soluble than the iodide, it caa be 
separated by repeated crystallisation. The salt may 
also be obtained by heating either iodine or 
potassium iodide with potassium chlorate. Oa 
heating, it loses oxygen and some iodine, formings 
potassium iodide and some oxide. It combines with 
iodic acid to form acid salts. Silver iodate, AglO,, 
is obtained by double decomposition between mlver 
nitrate and potassium iodate, AgKO, + KlO, => AglO^ 

+ KNO 3 . Stas used this salt in one of his numerous 
determinations of the atomic weight of silver. On 
heating, it loses oxygen and some iodine, leaving & 
residue of silver iodide and some silver. 

Iodic Acid (CJiem.), HIO,. A heavy white 
crystalline solid, soluble in water, insoluble in 
alcohol. Kept at 200°, it loses water and forms the 
anliydride iodine pentoxide. It behaves as a strong' 
oxidising agent; e.g. it oxidise.s hydriodic acid to 
water and iodine, HIO, + 5H1 =• 3H,0 + 3I„. Used 
as a te.st for morphine, which liberates iodine'from it. • 
It is prejjared by heating iodine with strong nitric 
acid, evaporating to dryness, heating tho residue for 
some time at 200° to expel all nitric acid, and 
cry.stallising from water. 

Iodine, I. (^Chem.') Atomic weight, 127. Dark 
grey lustrons solid; melts at 114°: boils at 184“. 

'i he vapour is blue ■w'hcn pure, reddish violet when 
mixed with air; below 700° the molecule is diatomic r 
at 1700°. monatomic. Sp. gr. of ioflinc = 5. It is 
slightly solui)le in water, forming brownish solution ; 
very soluble in pota.ssiura iodide solution, giving a red 
solution ; very soluble in carbon disulphide and 
chloroform, giving a violet solution. Strong solntions 
of ioriine in carbon disulphide do not transmit the 
visible and ultra violet rays of the spectrum, but de 
transmit rays of greater wave length than these (so 
called " heat ra\s ”). It unites with many elements 
forming iodides; e.g. hydrogen (gee Hydbiodic 
Acid), mercury (g.v.), iron (q.v.^ With caustic 
soda or potash it forms potassium iodide and iodate, 
III, + «K0H = 5K1 + KIO, + 3H,0. With ammonia 
it forms nitrogen iodide (q.v.) Strong nitric acid 
oxidises it to iodic acidfy.i'.) Withstarch pasteitgives 
a deep blue colour: thi.-. reaction supplies a common 
tc.st for the presence of iodine. Iodine occurs in sea 
water and in sea plants and animals, hence it is present 
in sponges and in cod liver oil; in erode Chile salt¬ 
petre ; combined with certain metals, e.g. silver; in 
certain rather rare ores ; in some mineral springs, 
e.g. one at Woodhall Spa near Lincoln is famous for 
the free iodine it contains ; in the thyroid gland in 
man. The world's production of iodine is practically 
under the control of a syndicate which owns nearly 
all the South American and a great part of the 
Scotch iodine manufacture. The Frcnoli iodine 
makers are bound by the syndicate only to produce 
j for home consumption. Must iodine is extracted 
I from Chili saltfietre, NaNO,, which contains sodium 
iodate, KaIO„ as impurity. On cry.stallising the soln- 
tion of tho crude nitrate, sodium nitrate sejiarates out, 
while the iodate remains in solution. From the solu¬ 
tion sodium hydrogen sulphite precipitates the iodine,. 
2NalO, + SNaHSO, = SNaHSO, r 2NajSO, + 2H,0 + 
lotline is also obtained from seaweed in tfcotland anoL 
in France. The weed (deep-sea weed) is either care¬ 
fully burned or i.s simply extracted with water to dis- 
solve out the soluble salts. In the former case the ash 
is extracted with water. The solution in both cases is- 
concentrated, when the less soluble salts (sulphates, 
etc.) separate out. The motlierliquor, which contains 
the iodides, is distilled with manganese dioxide and 
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sulphuric add ib quantity just insufficient to liberate 
all the iodine. All iodides treated in this way give 
tip their iodine, 2EI + MnO, + 3HjBO* = 2KHSO, 
'.f MnSO, + 2H,0 4- If I<raine u purified by 
eubliming. Pure iodine is obtained by dissolving 
sublimed iodine in potassitun iodide solution, pre> 
-cipitating it by water, distilling in steam, drying 
over calcium citrate, and redistilling over barium 
-oxide. 


Iodine Absorption or Iodine Value (Cftmi.) 
Unsaturated fatty acids have the property of uniting 
directly with iodine: so also have their glycerides 
-{fats). The amount of iodine which combines with 
100 parts of the fatty acid or fat is called the iodine 
absorption or iodine value of the fat. The acid or 
fat is weighed and dissolved in chloroform and an 
■excess of HdbTs reagent added, the amount added 
being known. HUbl’s reagent is made by dissolving 
86 eprams of iodine in 500 cc. of 95 per cent, alcohol 
.and 30 grams of mercuric chloride in a like amount 
nf the same alcohol, and mixing the two solutions. 
The excess of iodine is found by titnition with a 
standard solution of sodium thiosulphate: 100 parts 
of oleic acid require 90 parts of iodine, and 100 parts 
of olein require 86'2 parts; thus if the only uu- 
isatmated acid or £:it present were oleic acid or olein, . 
its amount is readily found. The iodine value of a I 
fat can always be found ; but if the fat is a mixture 
of glycerides of unsaturated fatty acids, the amount 
of each constituent can only be calculated in simple 
<ases. The proce.ss is useful in estimating the 
amount of olexn in butter, as olein is the only un- 
saturated fat present in butter. 

Iodine Fentoxide iCMvi.), IgOy A white solid 
obtained by heating iodic acid at 200®; at iifK)® it 
decomposes into io<HDe and oxygen. It dissolves in 
water, forming iodic acid. 


lodobenzone, CgH^I [^Plienyliodide), A colourless 
liquid: boils at 18H®. Obtained by heating benzene, 
iomne, and iodic acid togetbc;r at 2<Kf. The iodic 
acid converts the hydriodic acid liberated by the 
action of the iodine into icaline again: 

6C,H. + 41+ HIO, = SCJIjl + .3HjO. 

Also it is prepared by diazotising aniline with 
hydrctdiloric acid and sodium nitrite {tee DiAzo 
■Compounds), and adding strong potassium iodide 
solution and warming. lodobenzcne unites with dty 
uhlorine in chloroform solution, fonning a dichloride 
—a yellow crystalline solid, CjIljIClp in which iodine 
is trimiJent. The iodobenzene Aichloride, when 
treated with caustic soda solution, is converted into 
lODOBOBBNZENB, 

C,HjlCl, + 2NaOH = C.HjTO + 2KC1 + H^O, 
wMoh explodes about 2C0®, and liberates iodine from 
solution of potassium iodide acidified with acetic 
XtddL It also acts as a base, forming salts which may 

be regarded as derived from C*ll 5 T<^g, «.p. iodoso- 


benzene acetate, When iodosoben- 

xene is heated alone, or heated in steam, or preferably 
oxidised with hypochlorous acid, iodozybenzene, 
'O.HjIOi, ds obtained: it forms colourless crystals 
wbich explode at about 2.S0®. When a mixture of 
iodosobenzene and iodoxybenzene is shaken with 
moist silver oxide, a solution of DlPHENTUODONltm 
Htdboxide is obtained: 


C,HJO + C,HilO, + AgOH = (CgHj),IOH + AglOy 
This substance behaves like a strong base, and forms 


salts with acids. Thus the ohloiide, bromide, iodide, 
nitrate, carbonate, etc., are known. The iodide 
(C,Hs)^ . 1 is pol^eric with iodobenzene. 
iudonium compounds may be regarded as derivatives 
of the unknown compound IH,OH, which is called 
iodoninm. 

lodofonn ( Chem.'), Shining yellow scales; 

molts at 12 (f; characteristic odour; insoluble in 
water; soluble in alcohol, ether, chloroform; used as 
an antiseptic and disinfectant for sores and wounds, 
its action being probably due to liberation of iodine, 
as the unchanged substance docs not appear to be an 
antiseptic. Hydriodic acid converts it into methylene 
iodide, cm, -H HI = CH,T + I„. The zinc-copper 
couple reduces it to acetylene, as does also finely’ 
divided silver. It can be distilled in steam. It is 
obtained by warming alcohol with a solution of 
sodium carbonate to about 89^, and gradually adding 
iodine ; when cool, the <',lear liquid is separated from 
the precipitated iodoform, and as it contains sodium 
iodide, more alcohol and carbonate are added and 
clilorine passed in to liberate the iodine, when a 
farther quantity of iodoform is obtained. It is also 
obtfiined electrolytically: the jKXsitive pole of a 
battery dips into a solution of sodium carbonate, 
iwtassium iodide, and alcohol, contained in a porous 
cell, and the negative jKxle into a solution of caustic 
soda, which surrounds the }iorous cell. Many other 
substances besides alcoliol give iodoform when 
warmed with sodium carbonate solution and iodine, 
e.{f. the higher homologucs of alcohol (normal 
alcohols), also aldehyde and its liomolognes, acetone, 
etc. The production of iodoform from alcohol serves 
as a delimtc lest for tise latter, of oimrsr! only in the 
absence of tJjc other substances named. 

ci=rr 

lodol or Tetraiodopyppole (, (’hem.) > NH. 

CI«CI 

Brownish yellow prisms; melts at with decom- 
po.sition; no smell; insoluble in vrater; soluble in 
hot alcohol; soluble in ether; jurepared by the 
action of iodine on pyrrole (y.r.); jnsfcrably in 
presence of an alkali. It is used as an antiseptic 
in pliuse of icKloform, as ’t has no smell; its action 
is tlie same. 

lodonium Compoimdl {Chem.) See Iodobbn- 

ZENE. 

lodoBobetuene ( (^hem.) See Iodobenzene. 

lolite {Min.) SUictate of aluminium, mf^nesium, 
and iron, 11,0.4(Mg. FeO). 4Al.jO,. 108iO,. Hillca 
s49'4, alamina~33‘9, magnesia = 8 - 8 ,ferrous oxide^E 
7’9 per cent. Orthorhombic, in blue crystals, often 
dichroic (whence the synonym Dichboite). More 
easily fused than Quartz, softer than 8 appldre. It 
is used as a gem under the name Sapbir d’eau. 
From Norway, France, Ireland, Bavaria, etc. 

Ion {Elect.) A term introduced by Faraday to 
denote the current carriers in electrolysis. Ions 
include Anionh and Cations, which appear at the 
anode and cathode respectively. The term has since 
come to signify a portion of ordinary matter asso¬ 
ciated with a definite electric charge, either positive 
or negative ; for instance, a solution of common 
salt in water probably consists {Hurtly of unaltered 
molecules and partly of free sodium and chlorine 
atoms, carrying positive and negative charges reapeo 
lively. These latter are the ions, and their number 
increases with the dilation. Their presence confers 
conductivity on the solution, and if the dissolved 
substanco does not ionise, it will not oonduot. Every 
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monad atom in eleotrolyBis ajmears to cany exactly 
the same charge, and every dyad atom tMoe that 
charge, and so on. Whilst in this state the ordinary 
chemical properties of the substance are in abeysnoe, 
only bepoming apparent when the charge is removed, 
See alto losisATlos; Ions, Vblooity of; amd lONB, 
MrOBATION. OF. 


Ionian {^Mund). See Modbs. 

Ionic Order {Arohiteot.) This order was adopted 
by tlie Greeks in 
Ionia daring the p- 
ftfth century b.c. 

It is less sturdy, v , 
less severe, and <; 
treated with 
greater freedom 
than the Boric. 

Vor description 
tee Abohitec- 
tube.Obdebsof. 

Ionic Yeloeity 

(^MeH.) Ai"('IoNS, 

VBtt.OCITY OF. 

Ionisation 

(Fleet.) The 
di.ssot'iafion of a 
compound body 
into ions—thiit is, 
into atoms or 
molecular groups 
carrying definite 
electric charges. 

The phenomena 
are most, .'•triking 
in the case of 
electroly.'-is, and 
the great value of 
water as a solvent 
for electrolytes 

appears l.o depend upon its power of facilitating 
ionisation. Although gase.s are among the bc-st of 
non-conductors at ordinary pressures, tliey may be 
ioni.«ed, and will ti)en conduct more or les.s. Tliis 
may be done in various ways, amongst others by 
ultra-violet light, by Itontgeu rays, or by the radia¬ 
tions from radium and other radio-active .substances. 
Sec alto loN. 
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Ionisation Coefficient (EleH.) The fraction of 
the total number of dissolved molecules whicli exist 
in the condition of ions. Tims if N bti the total 
number of molecules of the dissolved substance 
present in the solution, and n the number disso¬ 
ciated or broken up into ions, the ionisation co¬ 
efficient is^. This quantity is also termed the 
Dissooiatiox Ooefpicient. 


lonone (f'/nua.) Tkkpenes. 

Ions, miration of (Elect.) During electrolysis 
the strength of a solution does not remain uniform, 
but becomes greater near one electrode than at the 
other. This is still the case when all allowance is 
made for the influence of secondary reactions, and 
the observed fact first suggested the idea that 
different ions travel with different velocities under 
the some potential difference. See also Ion, Ioni¬ 
sation, etc.. 

——, Ydoeity ot (Eleat.) The charged ions of 
an electrolyte during electrolysis move in opixisite 
directions towards the electrodes with velocities 


whid depend xxpoa the nature of the and upon 
the differeooe of potential per unit len^lu Bydzegen. 
ions move the fa^st, at the rate cS about HXIsS omti- 
metres per serand, under a P.D. of 1 volt per centimef^. 
These velocities may be calculated by measurliw the 
change of concentration at the ele^rodes and also- 
the electric conductivity. In some oases the motion 
may be made visible, and the direct measurements' 
thus obtained agree very well with the calculated 
values. 

Ipecacuanha. The roots of this Brasilian plant, 
ZTraffOffa ipecaevjanha (order, Ituhiaeeee), famish the 
ringed Ipecacuanha, while the striated variety is the 
produce of a closely allied genus. 

Ipomosa (Jiotany). A genus of the order Con* 
vaVmdaeccie. consisting of climbing plants chiefly. 
Tlie sweet potato is the tuberous root of I. batatas, 
and the swollen roots of I.purga yield Jalap. 

Iridium (Min.) This rare metal occurs native in 
cubic crystals, or more often in silvery grains. It 
also occurs in the alloy Ibidosmine with osmium. 
Its hardness is 6—7, and its specific gravity about 
22‘7. Found chiefly in the Urals. 

—, Ir. (Chem.) Atomic weight, 193. A shining 
white metal; next to osmiiun, the heaviest known 
element; melts at over 2,0fi0®—that is, higher than 
platinum, and the oxyhydrogen flame only melts it 
with difficulty. In fine state of division it is dis¬ 
solved by aqua regia, but not after it has been 
melte^. It occurs naturally along with platinum. 
After the platinum has been removed from the or© 
by tu^ua regia there remains a shining scaly residue 
which consists of an alloy known as OSMlBloliriC. 
This alloy consists chiefly of iridium, and osmium, 
with small amounts of the other platinum metals and 
iron or copper. This alloy is heated with common 
salt in a stream of moist chlorine, when most of the 
osmium volatilises, and the iridium and other metals^ 
fi>rm soluble double chlorides with the salt. The 
solution of these i? treated while boiling with sulphur¬ 
etted hydrogen; the other metals are precipitated os 
sulphides first, and the gas is stopped as soon as 
the orange yellow iridium sulphide begins to appear. 
The liquid is filtered, evaporated, and the double 
chloride 6NaC]. IrCI,24HgO Tecry.stalli8ed. This is 
converted into the ammonium salt, which is less 
.soluble, and on heating yields finely divided indium. 
It can be made coherent by heating to whiteness and 
pressing, Usex: The standard metre is an alloy of 
10 per cent, iridium and 90 per cent, platiiium. 
Vessels of platinum with 25 to 30 per cent, of iridium 
are not attacked by aqua regia. It is also used in 
making iridium pointed jicns. Its salts resemble 
those of t>latinum to some extent, and are un¬ 
important. 

Ipidosmine (Min.) &’e Ibidittm (Min.) 

Iris (BotaHy). A genus of the order IHdaeeee 
known as “ Flags.” The violet scented rhizomes of 
Iris Jlorentina (Orris root) are used in perfumery. 

- (Zeol.) The coloured portion of the eve, 

formed by a continuation of the choroid coat to form 
a circular curtain to the front of the eye. Tlie 
opening in the centre (the pupil) becomes smaller or 
larger under the varying intensity of light. 

iFon, Fe. Atomic weight, 56. Pure irtm is a (toft 
white metal not possessing any of the useful pro¬ 
perties of steel, wrought iron, or cast iron ; it meih? 
about 1600°; that is, higher than any of the useful 
forms of iron. When pure iron is heated to near it» 
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molting' point and allowed to cool slowly, a remark¬ 
able and sadden decrease in the rate of cooling 
oOcurs at a temperature of about 860°. Except for 
' this, the rate of cooling is very regular. This retarda¬ 
tion of cooling can only be due to a liberation of heat 
in the iron itself, and the only feasible explanation 
of such behaviour is that the iron at this point 
dhanges from one state to another. The pheno¬ 
menon of heat li Iteration is called rccalescence, and 
the form of iron above the point of rccalescence 
is called ^-ferrite; that below, a-ferrite. Tliese 
two forms of iron play an important part in the 
hardening of steel. Above the rccalcsccnt point 
iron is not m'agnetio; below this point iron is 
magnetic. Pure iron is easily oxidised in air, the 
change occurring rapidly at high temperatures, very 
slowly at ordinary temperatures, unless the iron is in 
a very fine state of division, when it is spontaneously 
inflammable (pyrophoric). In dry air, ferric oxide, 
Fe^^ is formed on complete oxidation ; but in moist 
air, hydrated ferric oxide is formed, Fe.jOj,.rlljO, where 
the limit of « is 3 . Ihire iron is readily attacked by 
acids, forming ferrous salts. The action of very .strong 
nitric acid is peculiar. This acid produces a super¬ 
ficial change, probably oxidising the .surf.ace to Fe^O,. 
Iron which has been plunged into very strong nitric 
acid is not attacked by dilute nitric acid, nor doe.s it 
precipitate copper from .suhitiuris of copper salts. | In 
this state iron is .said to be “pa.ssive.” If the surface 
of such iron be removed, as by filing, it loses its 
passivity, and again tlissolves in dilute nitric sicid 
and precipitates copper. Other oxidising agents 
besides nitric acid, e.g. chromic acid, can produce 
passivity. Pure iron can be obtained by reducing 
the pure ferric oxide in hydrogen, when the metal is 
obtained pyrophoric at low temperatures, and non- 
pyrophoric at high temperatures; also by electrolysis 
of a solution of ferrous sulphate. It is doubtful if 
iron occurs free on earth except in the form of meteor¬ 
ites. It occurs in combination in the hicmoglobin of 
the blood and in the green parts of plants. The chief 
ores of iron are, magnetite, Fe^O,; red haematite, 
FBjO, ; brown haematite, Fe._.Oj, combined with 
more or less water; spathic iron ore, Fet'O,; clay iron¬ 
stone, wliich is FeCO, associated with clay; and 
black band ironstone, which is FuCO, a.ssociated 
with carbonaceous matter. Iron also occurs com¬ 
bined with sulphur as iron pyrite.s, FcS.^ which is not 
-used as an ore of iron, but is largely u.sed in the 
manufacture of sulphuric adtl. The following is a 
brief description of the extraction of iron from its 
ores : it applies to clay ironstone or IJack baud iron¬ 
stone, and would be modified for other ores. The 
ofieration is earriotl out in a blast furnace. See 
FuBNACes. Before the ore is put in the. furnace it 
is calcined ; that is, heated to drive oil carbon dioxide 
and water, and to render it more porous. During this 
process the iron is changed from the form of carbon¬ 
ate to that of the <;xideB Fe,0^ and FfjO„. Along 
with the ore there is also put into the furnace coke 
and limestone, the former serving as fuel and the 
latter as a flux, which will combine with the silica 
and aluminium oxide of the ore to form a fu.sible 
double silicate of calcium and aluminium which con¬ 
stitutes the slag. The chemical composition of the 
-ore and the character of the product required deter¬ 
mine the proportions of coke and limestone to be 
added to the ore, and all three are weighed out and 
introduced into the furnace at the top by means of 
the cop and cone arrangement. A blast of air heated 
to from 300 to 600° by being drawn through chambers 
heated to redness by the waste gases of the furnace 


is blown into the furnace under a pressure of 4 to 
5 lb. per square inch through a number of openings in 
the furnace a little above the place where the slag is 
drawn off. The changes which occur in the furnace 
are somewhat as follows: The oxygen of the air 
forms carbon monoxide with the excess of carbon 
contained in the coke, and the carbon monoxide 
reduces the oxide of iron to the metal, being con¬ 
verted in the process to carbon dioxide. This is the 
predominant change in the higher regions of the 
furnace. Lower down, where the temperature is 
higher, the reducing action of carbon itself plays a 
part, reducing oxide of iron to the metal, and forming 
probably carbon dioxide. But at liigh temperatures 
iron can take up oxjgen from both oxides of carbon, 
reproducing iron oxide. Finally, carbon dioxide can 
combine with carbon to form carbon monoxide. 
Until the hottest pjirt of the furnace is reached the 
result produced is the diflereuoo between the opposing 
reactions just described, the reducing reactions pre¬ 
ponderating. Coke and clay both conLain small 
quantities of sodium and potas.'-ium, and these metals, 
in the form of carbonate, are converted by nitrogen 
in presence of carbon at a high temperature into 
potassium cyanide, which i.s a powerful reducing 
agent. This compound is produced in the furnace, 
and reduces tlic remaining ^lortions of iron oxide to 
tlie metal. Tlie iron ■wliich now melts dissolves 
carbon, silicon, manganese, phospl\oru-', and snlplmr, 
the last two being present in traces only, and sinks 
to the bottom of the furnace, whence it is withdrawn 
from time to .time. Tlic lime of the liinestone and 
tiie aluminium oxide of tlic clay unite with the silica 
forming tlu slag, which melts and lloats above the iron 
and is withdrawn at much more fiequcut intervals 
than the iron. The product of the blast funiace is 
called I'lG luoN or t’AST I BUM. Various grade.s of pig 
iron are product'd, depending on the ratio of ore to 
fuel, and therefore on the teiniKii'aturc. Grey ctwt 
iron is produced when the ratio (called the burden 
of the furnace) is low. w’hilc cast iron wJien the 
burden is high. The chief differences between grey 
and wliitc cast iron arc: Grey c.ist iron contains 
most of it.s carbon free; it is soi ter than white cast" 
iron. On melting, it iiaH.s,-'s at once to the fluid state, 
while white cast iron becon'es jiastj', and is never so 
fluid; also grey cast iron melts at a higher tempera¬ 
ture. Grey pig iron Is used for castings ; white in 
making steel: Varieties of ca.st iron containing much 
manganese are called spiegcle.iscn or ferroraan* 
ganese, and are used in steel making. WuoucxiT IKON 
is the purest form of useful iron, and is visually made 
in this country from grey pig iron by a process known 
as the puddling process. This process is carried out 
in a reverberatory furnace (#e<f Fbbnaces) having a 
cast iron bottom, covered with a slag technically 
called “ bulldog ” (it is a mixture of ferrous silicate 
and ferric oxide, obtained by roasting the slag—“ tap 
cinder"—of a previous ojieration), and the scale 
beaten out of the wrought iron when it is hammered 
under the steam hammer. The pig iron is placed in 
the furnace with slag from a previous operation. 
I’art of the impurities are burned away during the 
melting. When the iron has melted, it becomes 
covered with a layer of slag, which prevents further 
oxidation; it is well stirred with iron bars by the 
puddler, and the carbon is removed from the iron by 
union with ferric oxide, from the furnace bed. The 
metal is now made purer, and melts at a higher 
temperature, so that it is only pasty at this stage of 
the process. It is acc.ordingly made into *' blooms,’*^ 
and removed from the funiace to the steam hammer, 
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'Where ihe slag is beaten ont of it; after this it is 
loUecL A better quality wronght iron is produced 
by cutting this product into bars, heating tnem, and 
wain rolling them; and this process may be repeated. 
xe Faootinq. Btebi. is intermediate, as to the 
amount of carbon it contains, between cast iron and 
wrought irpn, sp that it can be made from a very 
pure iron by addition of carbon, or from an iron 
rich in carbon by removing some of this clement. 
The cementation process is an example of the first 
method. In this process bars of wrought iron are 
heated in contact witli carbon and out of contact 
with air to about the melting point of ciopijcr. Tiie 
extent of carburisation that takes place depends 
on the time the carbon is left in contact with the 
iron; if the time is short,,the iron is only case 
hanlened. Habveyibed Steel is pi;pduced by case 
hardening, and then suddenly cooling the metal by 
ice cold water, directed as a spray on the carburised 
surface. When the iron has been exposed the 
required time to the action of tlie carbon, the bars 
are medted to obtain a homogeneous prorluct, and 
then cast. Very higli quality steel is made in this 
w!iy. The carbon probably enters the iron partly by 
a process of difiusinn between the tw(j solids and 
partly through the agency of carbon monoxide. In 
otlier processes for steel making a combination of t he 
two methods mentioned above is adopted, cast iron 
being deprived of all, or nearly all, its earbon, and tlien 
the requisite amount of carbon adde<l to it, usually 
in the fonu of high carbon pig iron containing 
manganese or silicon (spiegeleisen or ferrosilicon). 
Open Hkaiith 1‘bocbss: A regenerative furnace (^see 
Fubnaces) is employed. If the iron to be used is 
nearly free from phosphorus, the liearth is of silica; 
if phosphorus is present to an ajipreeiatilo amount, it 
is of calcined dolomite (y.».) In the Kiemkxs-Mabtin 
Pbocess the eluuge consists of pig iron, scrap iron 
and steel, and iron oxide ores. The ores are added 
gradually after the melting of the pig and scrap. 
Some of the impurities are oxidised during the 
melting, especially manganese and silicon; after 
malting, most of the carbon is removed by tlie iron 
oxide ores as o:irbon mimoxide. The metal now 
contains loo little carbon, and the requisite amount 
of carbon is adtlcd in the form of spiegeleisen and 
ferrosilicon (cast iron ricli in silicon). Low carbon 
steels are usually made in this way. The Siemens 
process differs from the above in that ore is not 
used. Bes!3RMEB I’kooess; In this proee.ss a .special 
apparatus known as the Bes.semcr converter is used. 
The converter is an iron vessel with a lining of 
gannistcr {q.v .'); the bottom is perforated with holes 
which open into a box supplied with a blast of 
air wdicu tlie converter is working, of sufficient 
pressure to keep the molten charge from entering 
the holes. The blast is supplied to the box by a 
pipe which communicates with one of the two 
trunnions which siqjport the converter, this trunnion 
being hollow, while the other is solid. The trunnions 
allow of the converter being turned through an angle 
of IRtf* for filling and emptying, and through the 
hollow trunnion the blast is supplied to the con¬ 
verter. Melted pig iron is brought into the converter 
while on its side, the blast is tamed on, and the 
converter brought into the vertical position, Silicon 
and manganese are first oxidised by tlie air blast, 
then the carbon, the latter stage being marked by 
issue of flame from the mouth of the converter. This 
flame is due to carbon monoxide ; and when it “ drops" 
the blast is turned off as the oxidation of carbon is 
at an end. The metal now contains too little carbon, 


and the proper quantity of spiegelrisen is .added to 
the converter. The process is now ended, and 
the charge is poured into ladles and oast. Cion' ' 
verters 'with gannister linings will not remove 
phosphorus from pig iron; so that pig iron con¬ 
taining more than a trace of phosphorus cannot 
be used for steel making in such converters. Thomas 
and Gilchrist introduced a lining of calcined mag- '' 
nesian limestone in place of gamiister in the con¬ 
verter for the m^ufacture of steel from pig 
iron containing phosphorus. Their process is called 
the basic Bessemer proce.ss, because the strong non¬ 
volatile bases calcium oxide and magnesium oxide 
combine with the acid oxide of pbosphoras to form 
plio-phates. To prevent the lining being rapidly 
u.'-ed up in this wa.v, lime is added to the charge, and 
forms, with the phosphoric oxide, a slag of basic 
calcium phosphate which is a valuable manure. 
Varietkii of Untfvl Iron: Wrought iron contains 
99'6 to 99-8 per cent, of iron; it ha.s the highest 
melting {xtint of all the useful forms of iron; it is 
soft and fibrous; strongly magnetic, bat not reten¬ 
tive of magnetisation; cannot be hardened or 
tempered; is easily welded; it is malleable and 
ductile. Steel may contain from about 0‘2 per cent, 
of carbon to I'o per cent. Low carbon stools are 
called MiifD Steel, and apiiroach wrought iron in 
properties. Tt melts below wrought iron; is harder 
an<l less ductile; more difficultly magneti.sable, but 
once magnetised it is retentive of its magnetism, so 
that stool is used in making permanent magnets, 
while wrought iron is used in making electromagnets. 
The carbon in steel confers upon it the unique pro¬ 
perty of being hardened and tempered. If steel be 
heated above the point of rccalescence of pure iron, 
and then .-.•iddcnly cooled, it becomes hard, high 
c.'irbon stools becoming so hard that they will cut 
glass (glass hard). The degree of hardness (an be 
reduced to any desired extent, between certain limits, 
by again heating the steel to a temperature de¬ 
pendent on the degree of hardncs.s required, but 
always lower than in hardening, and again cooling. 
This proces.s is called Tejupebing. Steel which has 
been licatcd to a high temperature and slowly cooled 
is said to be annealed Tlic chemical and micro¬ 
scopical examination (the latter a branch of the 
science of metallography) of steel have shown it to 
consist of various substances, which confer on it its 
characteristic properi ics. The more important of these 
substances are; (1) a- and /S-FEltBiTE. The former 
is the same as pure iron; the latter is a harder and 
non-magnctic modification of iron present in steel 
when it bus been heated above the recalescent point 
of pure iron and suddenly cooled, the carbon in 
the steel hindering its transformation into 
a-ferrite. (2) Cembktitk, a name given to the 
(airbide of iron Fe,C, which is present in high carbon 
stool. (3) Mabtensitb, which occurs in tins hardest 
steel and is a solution of iron carbide in iron. (4) 
Peblite, which is a mixture of a-ferritc and cementite, 
containing 0'8 per cent, of (»rbon. Steel heated 
above the recalescent point of pure iron may be 
jegarded as a solution of cementite in jS-ferrIte. 
The changes that occur as the tcmpeiature fall.s will 
depend on the rate of cixiling and the amount of 
cementite present. With sufficient cementite and 
rapid cooling we shall have the hardest steel, con¬ 
sisting of fl-ferrite and martensite. If the cooling is 
slow the Iron will revert to a-femte; the soft modi¬ 
fication and cementite will separate out, and soft 
steel will result. Between these extremes it is dear 
many gradations can exist. In the temperii^ of 
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hardened steel the metal is heated to saoh atempeia- 
tore that changes in the proportions of the dbn- 
Btituents mentioned occur in the sense that /S-ferrite 
changes to a-ferrite, and oementite separates out from 
solution. The working of steel also alters its 
structure markedly. Several other elements besides 
carbon have an important influence on the properties 
of steel. Thus manganese above a certain per¬ 
centage renders steel non-magnglic; it also retards or 
prevents the conversion of p- to a-ferrite, and thus 
makes a hard steel. Chromium in steel confers re¬ 
markable properties upon it. “ The use of chromium 
alloyed with iron in making projectiles ... is now 
general; they contain from 1‘2 to 1’6 per cent, of 
chromium, and will hold together even when they 
strike steel plates at a velocity of 2,000 ft. per second ” 
(Bobe!Bts-At7Sten). Nickel in steel confers great 
hardness upon it: Harveyised nickel steel is employed 
in making armour plates. Cast iron has already been 
mentioned: it may contain from 2‘5 to 4 per cent, of 
carbon; white oast iron oven more. W. H. H. 

Iron (Min.') This element occurs native in Green¬ 
land in some quantity, and very sparingly in Auvergne, 
Brazil, Ireland, etc. Iron of meteoric origin has 
been found in many parts of the world. Native iron 
is •cubic, is malleable and ductile, and exhibits all 
the properties of the artificially reduced metal. 
Meteoric iron usually contains admixture of other 
metals. 

Iron Cement ( E»ff.) A mixture of iron filings or 
borings with a very small amount of sal-ammoniac 
(ammonium chloride). This mixture rusts and 
hardens into a solid mass, which fills up joints in 
iron piping, etc., and makes them watertight. Sm 
Btjbt Joint. 

Iron Compounds (€hem.) (1) Febbous Com- 
FOUNDS: In these iron is divalent. Ferrov^ oandr, 
FeO, is a black powder; takes fire in air; readily 
combines with carbon dioxitle; it is prepared by 
reduction of ferric oxide in hydrogen at 300°, or 
by beating ferrous oxalate out of contact with 
air. Fhr<m» hydroxide, FeCOH),: A white solid; 
rapidly oxidises in air, turning first a dirty green 
colour, then reddish brown, owing to formation ui 
hydrated ferric oxide; it is prepared by mixing 
air free solutions of caustic soda and ferrous sul¬ 
phate out of air. Ferrnm chlt^ridr, Fe(%: Porm.s 
white crj'stalline scxiles when anhydrous, green 
crystals containing r.n.p when obtained by evapora¬ 
tion of its aqueous solution. Vapour density at low 
temperature correspond.^ to formula FCjCl^, at high 
temperature to FeOlg. Heated in air it gives Fe^O,. 
Forms double .salts with alkali chlorides, r.y. 
Fe(JIj2NH,Cl. Dissolves nitric oxide, forming a dark 
brown solution. Anhydrous salt, obtained by pa.ssing 
dry hydrogen chloride over heated iron; crystallise<i 
salt, obtained by dissolving iron or ferrous sulphide 
in hydrochloric acid, and crystallising the solution. 
Ferrout mlphate, FeHO^: A white scilid obtained by 
heating the crystallised salt carefully till all water of 
crystallisation is expelled. Ordinarfly met with as 
green crystals, FeKO,7HjO, whicjh are called green 
vitriol or eopperae ; in this form it is isodimorphous 
with magnesium sulphate. Its solution oxidises on 
exposure to air, forming hytlrated ferric oxide and 
ferric sulphate; it flissolves nitric oxide, forming a 
dark brown solution, a property made use of in 
testing for nitrates. It forms double salts with 
alkaline sulphates, e.g, ferrous ammonium sulphate, 
FeBO,(NH^),SO,6H,0, which is more stable in air 
than ferrous snlpwte, and is therefore used in 


standardising solutions of potassium peraumgaaate 
and didiromate for use in volmnetric analysht. 
Ferrous sulphate is used as a rednoing agent, 04. 
it reduces gold from a solution of gold ohlmde. ft 
was formerly used in making Nordbausen sulphuric 
acid by partial roasting and suluequent distillation. 

It may be obtained by dissolving iron or ferrous 
sulphide in dilute sulphurio add, and crystallisinF 
the solution. On the large scale iron pyrites, PeSk. 
are exposed to air, and moistened with water; rapid 
oxidation occurs, and from the mass ferrous sulphate 
can be obtainiMl by extraction with water and 
crystallising the solution. Ferrous sulphate is 
largely used in making ink. Ferrom iodide, Fel,; 
Obtained by beating finely divided iron In iodine 
vapour out of air; is remarkable as being a dark red 
brown crystailiiie solid, other ferrous salts ben^ 
white. (2) Fkkkic Compounds : In these iron is 
trivalent. Ferr'ie oxide, Fe.,0,: A reddish brown 
powder; only .soluble in acids with difiSciilty, after 
it has been strongly heated ; insoluble in water; 
easily reduced to the metal by heating in hydrogen 
or .wirbon monoxiile; le8.-> easily by heating with 
carbon. It is obtained by heating the hydroxide . 
and many salts of iron in air. When obtained by 
heating ferrous sulphate it is used for polishing 
purposes under the name of jewellers’ rouge. It is 
a common ore of iron (q.v.) Perrle hy dr oxide,. 
Fc(01I ; Obtained as a slimy dark brown precipitate * 
when animonia is added to a solution of ferric 
chloride in the cold; on warming, the precipitate 
becomes granular. Wlien heated it forms ferric 
oxide. It di8.solves in ferric chloride solution, and 
on submitting this product to dialysis (q.v.), it iS' 
obtained in a soluble colloidal form. This solution is 
used in medicine under the name of dialyxed iron ; 
it does not show the ordinary reactions of iron, and 
it is precipitated by addition of solution.® of salts. 
Hydrated ferric oxides, containing less water than 
ferric hj'droxule, are formral when iron rusts in moist 
air. It has tlie property of fixing colouring matters 
on fabrics Ccottou, linen, etc.), and on this aaiount , 
many ferric salts which are hydrolysed by wafer, 
.such as the nitrate, acetate, and sulpliate, are used 
as mordants; e.g. Fo(N(\). + JIljO = Fe(OH), -i- 
.'IHNf),. Hydratl.-d osid<‘6 or iron are Impfirtaut ores 
of iron (q r.) Ferric ehloride, FeCl,: Is a red brown 
solid witli a green lustre when anhydrous; this form 
is obtained by heating iron in a rapid stream of 
chlorine. When obtained by evaporating itsaqqeoim 
solution to the solidifying point, it forms brownish 
yellow crystals of the composition FcCljGHjO. A 
solution of ferric chloride can bo prep^od by dis¬ 
solving iron in bydrochlorio acid, and passing chlorine 
into the solution, or oxidising the solution witli 
nitric acid, GFeCL + GHGl + 2nNO, = GFeCl, + 
2NO •+■ 4nj|(); also by dissolving ferric hydroxide in 
hydrochloric acid. Anhydrous ferric chloride boils at 
about 280°, and its vapour density corresponds to the 
formula Fe^Cl, just above its boiling point; at 
higher temperatures to FeCl^. It is soluble in. 
alcobol; it is used in organic chemistry as a 
“halogen carrier,” e.g. nitrobenzene is converted 
by chlorine in presence of FeL'l, into mctaohlotnitro- 
benzene. The solution of ferric chloride is partly 
hyrlrolysed by water, completelv at great dilutions, 
FeCl, »H,0 •= Fc(OH), + 3HC1; so that it alwaya 
reacts acid to litmus. It is an oxidising agent, e.g. 
2FeCl, + IT,0 + H-SO, = H,80, + 2HC1 + 2FeCly 
It coagulates albumin. Solutions of ferric chloride 
in water and in alcohol are used in medicine, 
Ferrie tvlphate, Fe,(S0,),; A pale yellowish white. 
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Holid which dissolves in water plentifully, bntslowly. 
It may be prepared by a<Iding sulphuric add to 
ferrous sulphate, and oxidishig with nitric acid, 
eiJ’eSO^ + + 2HN(), = SKe/SO,), + 2NO + 

41IjO. It forms alums witli the alkali sulphates, r-jr. 
Kj^O<Fej(HO^)j2'lHjC>. Fi'rrie aeetato, BV(C 2 lTjO ;)3 : 
Forms a deep rod uncrystallisablo solution, wlinh 
forms an insoluble basic acetate, Fe(f)lI).j(Cj,lI/)j), 
on heating. Uso is miide of this property iii analysis 
to separate iron from other motals. (.'{) Othkii 
Compounds op Ikon ; Fi-rmw/erric oxide, Fe,(), ; 
Also called magnetic oxide of iron. Occurs naturally, 
and is an important ore of iron {q.r.') Ohiained as a 
dark brown solid by passing steaiu over heated iron. 
As its name implies, it is magnetic. It is formed as 
a thill layer on iron in I’arlf’s process (»/•*■.) Ohomi- 
cally it behaves as if it were a eiimpoxind of ferrous 
and ferric o.xides, Fe,0, — FeO^FeX),. SulpMdcf of 
irim; Ferrous sulphide, FoS, ol’taiued as a dark 
grey solid on hcdting iron and .snlpliur together; 
also as a black preciiutato when ammonium sulphide 
is addetl to a sohiblo iron salt. It is this conijioiind 
wliich causes the blackening of (In; teeth and fasces 
after taking iron. It readily di'snlves in acids, 
forming a I'ernuis salt, .and evolving sul] din ret ted 
hydrogen. Iron disuljihidc, FeSj: Also called iron 
Pyrites, or Miiiidie. when it occur.-, crystallised in 
the reeiilar s_\stoiii ; Marcasite when it occurs 
crystallised in the trit.linic system. Heated out of 
air it lose.s a pnirt of it-- .snljihiir ; healed in a cnriTlit 
(>f air it tonii-. sulphur dioxMe and ferric o.\ide, .'ind 
on this aeemint is used in enoinuon.s (}!iantilu*.s for 
the manufaetine t>f .sidjjhiii ic.'ieid. tf/.ve FniirtoU.s 
Hur.vn.tTn. Ferrnifs; When a mixture of linely 
divided iion and jmia'sium nitrate is heated, h 
takes liri-, and from the jir'duet when cold .a solu¬ 
tion of iiotassium ferrate is obtained on ad'iin^ 
water. Tlie formula of the .sal! is K .FeO,. CausTic 
p itash ]iri‘eipitiiti's it rroir. tliee 'rieentrated soiati'm. 
it is Idiiek, aii.l foiiiis red soliilinis; only .sUdde 
when very eoneentrate.l. Iron l•^lrilon]ll; AbrovMi;-.!i 
lii|nid of the. jnohablo formu'a FeitMp/. very 
volatile; slowly formed xvhen carbon niono.xidc is 
pa.ssed over gi ntly he.'ited, (inelv divided iion. iVr 
also I'OTA.IBIL'M ri;i:i!Ol'\ .VNIDK OlirfFEKinCYANlDr:, 
and I’BU.s.si,iN Itu u. W, 11.11. 

Iron, Cutting. Tiic word “ iron” is ajipliod to the 
cutting part of tools that have steed cutlers, such as 
planiis. 

Irene (fVicw.) .sVc Tkepknes, 

Iron Founding. The ]uoce.ss of milking iron 
castings. It consists essentially of the proeisses of 
(1) MoULUINO (y.r.) : ^2) I’oiiiing in the molten 
iron which liius usually been melted in a Cupola 
Fuunace {see Fi KNACl'..sl; (H) Hroaking up the 
mould when the cnj;ling has cooli-d suHieieiitly ; and 
(4) TuimminO or Futtlinu (i/.r.) the casting, which 
is then ready to leave the foundry. 

Iron Losses (AV.f;cf. Eng^ That part, of the energy 
which is lost in a transfoiiner (j'.r.) or similar cleetro- 
magnetio apparatus, through the Foueault or eddy 
cummts (gx.) and the Hystkresis (i/.f.) The 
amount of the former loss is uncertain, but it may 
bo reduced to a very small amount by laminating the 
core. Eee Lamination. Tlio amount of energy lost 
by hysteresis depends upon the quality of the iron 
and the value of tlie magnetic induction in the iron. 
According to the well known formula of Stoinmetz, 
if B be the induction, h a coefficient depending on 


the nature of the iron and the unit of mass chosen, 
then Wf, the work lost during each complete magnetic 
cycle, is given by the equation : 

W = AB'-* 

Iron Ores (Min.") The jirincipal ores of iron are 
the oxides H.iiMATiTB and Magnetite, the hydrates 
Limonite, Tubgite, Gotuite, and the carbonates 
Chalybxtb for Hidbbite), and Clay Ieonstone 
O/x.) See also Ikon and Iron Compounds. TIictp 
arc many mincralff beside-^ {o.g. Iron Pyrites) whi-h 
contain a large amount of iron, but owing to the 
presence of other clomcnts (such as sulphur and 
jiliospiioi-us), ivliich cannot be easily separate 1 from 
the metal, they are not classed commercially as ir m 
ores. 

Iron Painting (Dee.) This work differs fion 
ordinary house painting, lic(;au.se the sur-'imis is 
alnio.st non-absorlx'nt, wnile the principal object of 
the paint is to jirevcnt rusting. The best paint for 
iron has long been the .‘•ubjc'ct of discu.ssion among 
engineers and paintcr.s. Bed lead is giner.ally 
favoured, but oxide of iron ha.s al.sn many adherents. 
Probably' better tl.an cither are the several .special 
iion paints niiinnfai-t ared for the purjJO.se. When 
led lead is used it i§ mi.xcd with boiled oil, and 
quickly dries very hard. The London County ('ojfiicil 
Usually specifies white lead for repainting iron, tint 
this is contrary to the ojiinion of those who have 
closely studied the subject, in rejiainting iron it is 
quite cs.seiitial that all traces of grease, dirt, and 
rust be removed before the new jiaint is applied. A 
IjIow lamp or solvents are, nsnally employed to re¬ 
move the grease, while the rust is got rid of by 
thorough scrajiing and the use of wire brns'.scs. 

Iron Pattern {Foundry'). A pattern \qx.') is often 
made of iion in c.ases vviiere a large number of cast- 
ijigs I'.ave to be made fi'om it. The iron patten, is 
itM'ir a casting, and is made ironi tin original v,-()od,cjn 
I pntti'i'ii, ill which double contraction (/[X.') has to be 
uliovved for. 

Iron Pyrites {Min.) Sulphide of iron, FeS„ Iron 
= 47, siilj'lmr = .7;; jjor lont. Cubic,' in ’ briis.sy 
yellow cry .stnls or iua.ssivc in radiating forms. It is 
iiaid and l;rittlo. It was formerly u.sed as a .siibsti- 
t.iite for flint in firearm.s ; now chiefly used in the 
m.Tiuifai-tui-o of sulphuric acid, .suljihate of inm, and 
alum. It ncfitly always contaiii.s a trace of g.ihl, for 
which metal it is often mi.sh'ikcn, but from which it 
is at once di.stingui-.hcd by its hardness and brittle¬ 
ness. In some cases enough gold is present to p.ay 
,'is an ore of goM. I’yrites is of world wide di-tri- 
be.tion. Many dark clays ;ind other coloured rocks 
owe their colour to fineh’ disseminated Pyrites. 

Iron Rope. Usually termed Wire Hope {qx.) 
Iron Stain on Linen. Soo Cellulose. 

Ironstone. A general term for Iron Ore ty.e.) 

Iron Tubing {Eng., ofe.) See Tubing. 

Ironwood. Sec Woods. 

Irradiation {Phys.) The name given to a j;oculiar 
optical effect in consequence of wliich very luminous 
bodies—for instance, an incandescent lamp filament—' 
apjjear larger than the actual size. It is supjio.sed to 
imlicate that when a part of the retina is very strongly 
stimulated, the adjacent portions arc also slightly 
affected, giving the sensation of light. 

Irrationality of Dispersion {Light), Prisms of 
different matorials under exactly similar conditions 
produce spectra of different lengths. If, however, 
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the spectra be made 6f equal lengths, and be made to 
correspond in one part, it mil be found that they do 
not correspond in oth^r parts, the separation of two 
given spectral lines depending npon the substance of 
tbo prism. 

^hJripgalar Pass (Textile^'). See ENtuBixa. 

Irregulw Reflection (^Lig?U\ noflcction which 
occurs at other than polished surfaces. Such surfaces 
are equivalent to myrimls of small mirrors set at all 
'angles, and their effect is to scatter the liglit in all 
directions. A typical in.stance is white unglazod 
pajUT. Even the smoothest surface is to some extent 
rough, and in consequence diffuses some light. 

IrreTersible Cycles (P/iye.) Wlim the pressure, 
volume, and temixTatnrc of a substance are alU’.re<l 
in siuih a way that after a series of changes the sub¬ 
stance returns to its original state, it is said to itass 
through a “cycle” of oporatif.us, and when tlie, 
series of changes can only take place in one way the 
eycle is said to be “ irivveisiblc." For instance, if 
the substance during tiie ctelc. comes into contact 
with another body at a higher tcinperatnrc than its 
OW'D, then the Ojmration is irreversible, for if it be 
attempted to perform Ihe cycle the reverse way. al 
thii'pjurticnlar point it is necessary that heat should 
]Ki«s from the cold sul'statiee to the hot body, which 
wilf* not haj>x>en. i’raetical changes are almost 
inevitably irrevei-sible. L’f. liKVKnsinij!: CycLKS. 

Ippigation (dn! £/>//.) The artilicial sip'ply of 
water for agricultural pnij'-oses. Usually cib'ciedby 
ojieu channels on the surface of th.e land, and not l>> 
pipes or conduits. 

- (Seicapr). The di.stribatiou of sewage over a 

large surface of onhn.iiy agricultural ground, 1 aving 
in view a masimmn growth of vegetation (consist cJjI 
With due purification) for the amount of sewage, siifj- 
piii'd. The soil should be porous, as it i.s e.ssentlal 
that the sewage should not only juu over but ilirouglj 
tbo S|^il before passing out as an ellluent. On an 
»n crage one acre of land isreijuiied tor crery hunilrcil 
persons. 

Isatin {dicm.), C'JI 

prisms; melts at 201*; soltihlc in water and in aleoht.l. 
it dissolve.s in caustic soda solution with a violet 
colour; but on standing, the solution turns yellow, 
owing to the. formation*of the sodium salt of isatinic 

afdd, Its chemical behaviour i.s 

^lat of a ketone (y.r.); but with plio.sjihoms pcii- 

lachloride it gi\es isatin cliloridc. C,,!!, ■ <'h 

The latter compouml is reduced t o indigo by zinc 
dost. It was finsl obtained by oxidatiim of indigo 
■with nitric acid. In Sfune of it.s r<actioris (c.g. 
formation of salts with alkalis) isatin behtives 

according to the tautomeric form t'^ll, 

wlii '.h is called Pseitdoisatin. 

Isatis Tinctoria (/Ma/ig). The Woah Plant 
btdong.s to the order.dVwmycw, and yields a dyo by 
feriuentatiori of the leaves. The dye i.s now super¬ 
seded by indigo. 

Isohiiun (JZoohtgy'). The posterior bone of the hip 
girdle. 

jBentropic Lines ( Tleat). Lines or carves of con- 
stant entropy, k’requcntlj- used as another name for 
Adiabatic Lises, but the two are only synonymous 
in of reversible changes. 
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iBlnglasB. A refined form,of gelMine obtained 
frtrm li.sU membranes, especially the isturgeon. SeB 
AccipENaBB and G-JonAXiitB. . ' 

iBinglass Gold Size {Dee.) Made,from Bnssian 
isinglass. It i.s dissolved in water^hi'’moans of heat, 
aad afiorwanis added to .spirits of wine, and then 
straineil or filtered. It is used for giraing on glass, 

Isis Headed Capital iArehUeet.) See Hathob 
IIladed Capital. 

Ibo- (67im.) A prefix used in chemical nomen- 
cluiuro to indicate that the compound or group of# 
coKiimnncls whose name or names begin with the 
pi ( fix are isomeric (ece IsoMBRlSM) with the com¬ 
pound or gioup of compounds having Ihe same name, 
minus the prefix “ iso,” Examples : 

CH, CH, 


CH., CHOn 

cH.on <^ij„ 

Proigl AJciibol. ]soi>Topyl AI<x>iiol. 

Another e.xaiujile i.s afforded by racdhyl cyanide, 
fh'ljCN, and methyl isoi'yanidc, 01J,NC'. 

Isobap or Isobaric Line (Melrorol.) A line (or 
surface) in the air, ai ail poii.t.s of which tlic baro¬ 
metric pre.ssure has llic .same \alue. 

IsobarometPic Charts QIetnm>l.') Charts on 
w'lnoli lii!(‘« arc drawn tl roi.g i veguuis having sirnul- 
tasieou-ly the same reailing-. of tho bavoiuoii r. 

Isobars Lim-S or curves showing tiic 

relatii.n lietwceii the ii.iimie and teinpeiaturo of a 
biolv V hen its j ressure i' eoti.-iant. Also known as 
1 IsoniLSTIO 1 


I Isobllateral Leaf (7io/oo.(/). The term xpjilied to 
1 tl t; ].v.i of |i at wlu-u; the blade is vciiical, e.tj. Juiss. 

j Isochciinals [MlIho-i'!.) Lines <lrawn on a map 
I till iiigl, U'gii.ns M Ine.i have |■(pudwin^encnlperalure«. 

I Isochromatic Curve (VV._</«.) A urm used to 
I deiiote a line along which ti;e colour is uiijf(irni intl.o 
j e..ise of the r.< 1 .iirp’ eiu.iiiena displayed by crystals in 
I e.oiHurgent pohiii.si'd iigli'’. 

Isochromatic Photography. Another name for 
OuTiriK'iiiyjji.vTio i’HoTooiiAriiv oj.r.) See aUu 
: I'itOTottRArnv. 

j Isochronism ( lirffcAes Tim perforaj- 

; ance of un/'qual arti.s of vibration in eyval- intervals 
I (J! '.iine. 

Isochronous (yV(//«.) Having ctiual times. Applied 
to iinil rm luoti'in, or lU'ire eorructly to tw<j or more 
('iff"n.tit motions which eecnr in the sanie time, 
r.//. (wo pendulums wiiieh swing«cxactly in time with 
each (.ther. 

Isoclinic Lines {J’hijn.. Melcorel,') Linc.s t:onue.ct- 
incT those ]<art.s of im; Kurtii’-s surface at which the 
magnetic inclinariuii or dip b the same. 

Isocyanides {Chem.') Aho called Cabbvlaminek, 
CArLiJAMiN'JiS, or Jso.n'itbiles. Compounds t-f iJm 
formula II —NC, wliere U stands for an alcohol 
radical. They arc isomeric with the organic cyanides 
or nit.rilcs which have the formula K—CN. 'J^icy 
are distinguished from the latter by having a dis¬ 
agreeable smell, lower boiling points, and by their 
reactions. They are obtainoci by heating an alkyl 


iodide -with jwlv«r ojw,mde; also by heating a primary 
amine with chloroform and alcoholic potash: 

O^Hji + AgONfegHjNO + Agi. 

C,fl jNH,,+ 0 ^ 1 , + 3 K 0 H = <J„HsNC + 3 KC 1 + 3 H, 0 . 

^ * Phenyl iBooyiinide. 

T!he isocyaniilBS are liquids, sjiaringly soluble in 
■water, readily soluble in alcohol and etlier; they all 
have the same disagreeable smell, which prtKluces 
nausea ami heatlache. When Jieated they undergo 
rearrangoinent into cyanides; with acids they undergo 
hydrolysis to amines* and formic acid: 

CjIIsNC + 2H,0 = C^ilIsNH, + ilCOOH. 

Their formation from and dcoomjiosition into 
primary amines proves that the riitrf)gen is attacticd 
to carbon, ilcthyl isocyanidu boils at C9“, ethyl 
isocyauide at 79S and phenyl isocyanide at ititt®, at 
the same lime polymeiising. Their formatiim is 
used as a test for primary amines and cliloroforrn. 

laocyolie Ring ( Chem .') 8 ce Closed Chain 
COHPOCNDS.. 

laodynaniic Lines ( J ’ hi / s ., MHcnrol .') Lines con¬ 
necting thos'.- jKii'i.s of the Hartli’s surface at which 
the total magnei i • intensity (in tlm line of dip) is the 
same, 

Isogeothermic Lines iPhys ., Met , ral .) Idnes 
connectiijg those plares on the Kaitli's surface at 
which the mc.iii temj>eratuiv of tlio soil is the .same. 

Isogonic Lines (/' In / f ., JMiorol .) Lines connect¬ 
ing those pans of the liaith's surface at whieli the 
magnetic declination is the same. 

Isohels ( Jli f - rorof .) I.ines a iniuu'llog places ha\ i' g 
the same, iimonin of .sims'.dno. 

Isohydric Solutions < Sciii;.on-- of sn’'- 

stancos (salts, acid-, bases) a eouiui uj ion. of 

such strength tlija the concentia! ion{gnuu niok-eules 
per litre) of the ion in each solution is the .‘-aiiie. 
{such solutions undergo no change when they arc 
mixed. 

Isohyets (-VcrcwcL) l.ine.s connecting places 
having tlie same aniount of rainfall. 

Isomepism, Comiiouud.s oonijai-od of ihe same 
elements aisl Imting the smne lueleculiir weight 
are said to b.- isomcne. Tiiere are taiious kiiid.s of 
isomerism, Wlu'ii the same atom or group of atoms 
is substituted at different places in tlie molecule of 
a pivreut compound, wi‘ have I'osition Isomekism ; 
e . ff , propane yields normal and isoprojiyl alcohols 
and iodides: 
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Alcohol. 

Alct^hol. 

Iodide. 
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When the same atoms or groups of atoms ato-simi- 
larly united chemically, but have a different s|riicial 
arrangement, we have what iS called Stereoisommism 
or Qcometrical Isomerism. This form of isomerism 
is dealt with separately. See StbbHOIBOMSBI^. 
The number of Lsomerides derivable from one J|)ar«it 
compound increases very rapidly -with the increase 
of complexity of the compound. While butane has' 
only two isomeric forms, CH,C'HjCHjOH, and 
(OHj)j. Cn. CHj, tridecane, C„Hjg, has 802 iso- 
meridcs. Naphthalene— *' 

CH CH 


When different radicals are united logctlmr by 
means of a di- or polyvalcjit element to form <'om- 
pounds wdtich fullil the n-quiremeuts of the abme 
dcflnitiun of isouu'ric eomjiounds, wc have wl at is 
called MetameUISM ; <v/. the felloe lug ethers arc 
metamerio, also the amines; 

cS>° §!:>■ II 

iMAtbylitroj^l Distil}! Trinieihyl- Mctliylothyl- Noniml and 
Btlier. Btbar, wnine. amine. Isoiirojiylaniinua. 


CH CH 

ha.s ten isomoridcs when two hytlrngen atoms are re- 
fil.uced by two different atom^ or groups, butsover 
J0,(X)0,0(.0 isomcride.-' when eight hydrogens are re- 
])]fieed by eight dilTerent grouj’s. It must not be 
jjdVncd th.at if two comimuiuls ore isomeric they are 
easily v-onvorted into each other, or arc even nearly 
rcLvicd. This may be hO or not. TTydrazobenzeue is 
ea-uh converted into b' iizidine, C|,HjNII, Nil. C^llj 
—&• il jN . ft, ,11^. C,,1I,NI1.^; but tlicse isomerides arc 
widely different cheiniciilly. 1‘ropyl alcohol is not 
readily ch'.ngcd to is >]irop} 1 alcohol, but both these 
siilisiaiiocs have Certain properties in common. The 
mo-t namcrou.s o-'^amplcs of isomerism are to be 
found in organic ^ehoinistry; but in recent years 
numerous examples 1 a\c 1 icon discovered inin^ganic 
cliemisiry. Examples arc: the. sodium potassium 

sulpiiitcs, ai’d ; the sodium 

potji.Hsimu thio.'ulplifite.s, andSO, 

the chromium bromides, 

[t'r(ll,0)JI?r, and Ji;r2Tl,0. 

ISIuc. Oiiiin. 

All Dr vrcci)>itated ^ Bi i)rvrj]iitated 

l-yAgNO,. by ,\pX0,. ^ 

algo, in connection with this subject, TAXTTO- 
jiEitisM and Weuneb’s Theohy. 

Isometric Lines {Phyg.) Lines or curves showing 
the ivhitii n between the prossuri' and tomiieratmeof 
a btuly when its voiunie is constant. Also known as 
ls01*Ll'.UE8. 

Isomorphism ( Chem.') Literally means having the 
same foim. In chemistry it is used to indicate 
the identity of crystalline form shown by comixiunds 
conliiiuing similar elements similarly combined 
together. The following are examples of isomor- 
phous compoiiiuLs:—The alums: they have the 
general formula KjS{>,M./8CW24B..O; the double 
sulphates of the gmieral formula "!R.^SO^MSOj6IIjO, 
when U=K, NH^, orNa, .'ind M =■= Mg, Mn,IVi, Go, ox 
Ni; the arscniatc.s and plu'sphates, as sodium 
iirseiiiite, K.-t.dlAsO,1211.0, and sodium phosphate, 
Niijll l'Ojl2H.jO ; the sulphates and chromates, as 
K^O, and KjCrO,. The term is also applied to the 
elements occurring In isomorphous groups; for 
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instance, alnminium, chromium, iron,an<l manganese 
are sometimes called isomorplious elements because 
the alums form an isomorphous group. Identity of 
crystalline form is not by it.self a proof of isomor¬ 
phism : thus potassium nitrate crystallises in the 
same form a.s arritgonite—a form of caloiimi 
carbonate; but thc.se substances are not isomorplious, 
for calcium and carbon are not .similar 'elements 
to potassium and nitrogen. A good test of isomor¬ 
phism besides similarity of form is the formation of 
mixed crystals. Tims a eiystal of (uimnion alum 
will grow in a solution of ehrome alum by ha\ing 
the latter deposited on it in such a way tluit the i 
shape of the crystal docs not alter ; or a inixerl | 
solution of these two alum.s will deposit crystals ; 
Bontaining both alums, while their shape is tlial of ^ 
clnm or clirome alum. Tlie identity of crystalline 
form in isomorplious substances i.s not perfect, the ' 
angles between eorresponding faces in two i.s()inor- ' 
phous substances being usually .slightly different. 
The principle of isomorphism Ims oecasiimally b( cn I 
of use in atomic weight determinalious. Tims > 
aluminium is isomorplious wit li iron in a numbei of ' 
compouiuis, so that if ferric oxide luis the formula 1 
FcjOg, the isomorplious nlnminium oxide v\ill most 
probably have the formula Al/t^; so that if the 
percentage composition of this oxide is known, tlie 
atomic weight of aluminium Js known. One eli lueiit i 
may belong to more tlian one i.'Omorphous group, i 
Mangane.se is isomorphous vvith iron in its sulphate 1 
and iu its alums ; it is isomorphous with sulpliur in ' 

themanganalus.nnd snljihati .s, K^MnO^ and K>(),; ; 

it Ls isomorphoii.s with cldorine in the piu imingunati-s I 
and porchlorate.s, e.;j. KMnO^ jiad Kt'K\.—W TI. 11. 1 

Isoinorphi3m (JFot.') I'he identity in form of .some 
minoral.s of the .same gronj/s. Jsoinorjil'ous niiueifds i 
can and do rephai e one .amither to a consiiieral'le [ 
c.xtent; e.tf. the .sulphide ol L-ad, (laLi.XM. is lifieri 
partially re|ilufed by the isomoiplious sulpliide of 
silver, Akoiixtitk, without any ri]iparcnt altei.Uion | 
in tlie crystal of (Jlaleita. . 

Isonephs {Mcfi'orol.) Lines connecting places 
having the same amount of ehiiidim ss. 

Isonitrilcs w.) I.socy.wiul's. 

Isonitroso Compounds {Chrm.) Srr N'iTP.ono 

COSIPOUNIW. 

Isopiestic Lines {Phys., ^^i•lrorol.') See Isobak.S, 

Isopleres (Phm.) Scr IsoMuntic Links. 

Isoquinolinc (_Chem.') 


HC CH 



A colourless crystalline solid; melts at 23°; boils at 
240°. Its properties and behaviour are .similar to 
those of quinoline (j.r.) It occurs in coal tar, and 
is obtained from this source. On oxidation it y iedds 
pbthalic acid and cinchomeronic acid. It is used in 
the preparation of the dye quinoline red, and is of 
importamce as being the parent .substance of a number 
of alkaloids, e.g. Papaverine and Iilarootine. 


Isotherals (Mrt^orol.') lanes drawn on a map 
through regions which liave equal summer tempera¬ 
ture. . 

Isothermal Change (Ph/s.) A change in the 
pressure and volume of a sub.stancc, especially a 
gas, wdiieli occurs without change of tcmpciutui’e. 

Isothermal Charts (Meteorol.') Charts on wdiioh 
lines ai edrawn tiirougli regions having simultaneously 
tile sume readings of the thermometer. 

Isothermal Line or Curve {Phys.') A curve¬ 
showing tlio relation between the changes of pressure 
and volume of a substance wliieli i.s kept at constant 
teuiperatuve. For a perfect ga.« the curve is a 
iiyiierliola, and is rcprc.scntcd liy the equation I’V— a 
con.slaut. 

Isotherms {Metenrol.) Lines connecting places 
having an equal temjieiature. 

Isothiocyanates {Chem.) See Mt'ST.\BD OnA 

Isotonic Solutions fciolutious lia\ing the 

saiiu- osmotic luer'.sme (/j.r.) • 

Isotropic Body (iViy.s-.) .A body homogeneous in 
all diieetiuns .•li^ regards ils pliysical propertie.s. 

Istesso tempo, P < Muxir), Tlie same time; imt 
after an alteiaiioii tif time to show tlr.it tlu‘ former 
tenqio is to be rc'.umed, or as warning that there is t o 
be no change in the lime. 

Italian (.Trxtilr Manufnr.) A lining fabric, 
usually with a live end weft sateen weave. Highly 
poli'hi'd in tlie tiiushiiig and piessiiig. 

Italian Pink (/Ar.y A pigment similar to Dutch 
pink (g.r.) 

Italian Schools of Painting. (Vv- Painting, 

StiloOI -i Ol 

Italic, Italics Vi'gpoy.) The name a]j)>lied to a 
jitiiiiinL’' t\i‘i iim-iiled about l.'iOit by .Vidus 
.Mauiiliu.--. a \eiM-tiau piiiiter. h.-ihotype or iliiijcs 
ail- employed in niuderii books, i-ie., to atiracl the 
.iiieution of the T(-a<t( r. for {‘nipliu'-is, or to distin- 
gui-h a word or iilirase from oibers in tlie siuno 
i-oiito’-t. The wool'm jjarenl'icscs wiiicb follow the 
tel Ills in till' work are .s -t in italics. 

Ivory (/.ool.) Tlio toothliko .substance of tlie 
tu.'ks of eii-]'liant.s .'ii'.l also ol the tooth and tu.sks 
of the narwli.-d, lifiar, and hiiiiiojjotamus. 

-, Artifirial. A form of ( (y.r.) 

often us(-d a.s an imitation of and .substitute for 
ivory. 

Ivory Black (Alw.) This is made l>y calcining 

wasto. eutii'igs of ivory. It i.s of an iiiteiiso Idin k 
colour, tending towaid a bhiisii hiio ; is not a good 
drier, hill makes a good gla/e. firr tinAZl.vo. Much 
.so-called iiory is re.d boueblack 

Ivory, Vegetable (Polany). The rijie seeds of 
the ivoi-y nut juilm or Corozo mil. Phytrlcpkas 
viarnirarj>n (order, Pa/itttr), a native of Central 
America. Tlio hard alhiimcn is much used for making 
small articles, which arc turned in tlie latlic. 


J (Ptujs.) The symbol tor Joule's Equivalent 

Jaborandi. A powerful .sudorific drug derived 
from the dried leaflets of a Brazilian shrub, Pilo- 
carpta prnnatifolixs (order, Jlutaceee). The alkaloid 
Pilocarpine and its salts arc used in <qA thaJmin; 
practice. 
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Jack. A term applied to a great variety of 
mochanical contrivances, often to machines wiiioh 
have taken the place of lininan labour, e.g. the auto¬ 
matic machine for turning a spit in roasting meat. 
Ajltlied to a form of roller, winch, a wedge used iu 
mining, an oscillating lever, to a spring clip forming 
the terminal in a ttjlcgraph or telephone wire by 
means of which instruments can he rapidly brought 
into circuit, etc., etc. 

- (^Arclid'ol') A vessel made of waxed leather, 

used either for holding liquor {xee JlbACK Jack) or 
for drinking from, e.g. a mug or tankard. 

- (^Ann.) A .slccvi-lcss tunic or coat of fence, 

usually made of leather, worn by footmen ami 
archers from the fourtccnlh to the sixteenth ceni.nr\. 
later fnrms tif tlie Jack were plated with iron. 
The Jack was succeeded by the I’L’t'P Coat (^.n.) 

- (L'ng.) A piece of mechanism, usually 

portable, used for lifting lioavy wcighl.s through a 
short distance; c.g. lifting :i heavy vehicle so that 
its wheels aie off the ground. It is usually worked 
by hand, the forc,(i being applh'd by hwers, or b^ .a 
screw in a ScuKW .Iack or I’ottj.h Jack, or by a 
Binnll liydraulh; jire.ss in the ease of a Hydkaulic 
Jack. 

- (Lore Maitu/hr.) A term used in the lace 

trade. 11 has \arntu'- meanings; rg. a frame of 
wootl or iron witJi prujeeting wires t.n hold bobbins i 
filled with material. This description :iji|)lii‘s to the j 
jack used by the warper, and i* analogous to the • 
term “creel” used in the weaving trade. See ahi> 
Jacks. 

Jacket t'fi'.) A general term for a easing 

used to keep some oltjeel at a (Oiisiam lempenitUK ; 
1 '.^?. aSriiA.M .lACKKT (y.r.) or a Wai ku .lACKr.T(</.r.) 

- {.Pdjur Jhaiiijar.} A special felt eover for 

the eouch roil, whi'di scries to n move exeess water 
from Wet paiier dniiag maniil'aciurc. 

Jack Frame ( S/iintiiiin). A tine, gauge on 
(be loving frame with one low of 11; cr spiaille.s onh. 
lised Tor producing line rovings for very line spun 
yarns. 

Jacking Delivery Motion (f’e/fe// Sjihmitig). Used 
on fine spinning nnili s for delivming a short length 
of roiing through <lraw rollers after '• jacking” has 
taken place, to coiuptmsate for the contraction 
-during tw-istiiig. 

Jacking Motion (Cotton Spinning'). I'sed on fine 
spinning mules for slopping lielivery id roving 
throng'll roller-s, just bclore the carnace reaches the 
end of its traverse outward.s. 15_\ this means an 
extra ilraft is given to the spun thiead. 

Jacking Off (Spinning). The motion in mule 
spinning for reiersing the twist or taking out the 
exet'Ksive twine in the yarn, near the top of the 
spindle, IxdVire. winding on to the latter. 

Jacking Dp (Cng.) Lifting a heavy object by 
means of a .l.vcK (i/.e.) 

Jack In the Box (Cotton Spinning). Sec Ittt’- 

FEBENTIAL AloTUiX. 

Jack Off (ia/r Manufac.) To wind short lengths 
•of thread off a mnuber of bobbins, .and make them 
into one continuous lengt h. 

Jack Plano (Ca-rp.) The jJane used for roughing 
out wood and producing an approximately true 
surface. Its length is usually from 15 to 18 iu., and 
the width of the cutting iron 2 to 2^ in. Eiiglisli 
jack planes are usually made of bccch. Iron planes 


arc much used in America, and are being gradually 
introduced in England. ^ ■ 

Jack Rafters (Gnrp.) The short rafters fixed to 
the hip rafters. See Koovs. 

Jacks ( Lore Mimufac.') The Selectobs or INTEB- 
CEPTOKS t^acd iu the lace curtain machine. 

- (Textile Mannfar.) A typo of lever in dobby 

looms in connection with the lowering and lifting of 
the heald shafts. 

Jacobean Architectupe. See Kexaissance 
AKCIUTEft'l’Ulfi:. 

Jacquard (Cotton Wearing'). A pattern machine 
used fur tJio proiluclion of floral and other onia- 
immlal designs in cloth weaving where the adoption 
of tappet or dobby would be useless. These machines 
are specially eon.strueted for different kinds of 
work, the chief makes being HlXGLK CVLllsDEB, 
TW'O ClLlNDliB, (.'ROSS llUBDEB, and I'WILLINO 
jAOQUAItT). 

- (Loi-e Mawifac.) Alcchani.sm connected to 

the liicc machine for the purpose of producing the 
fai >rie. (Jacq cards vary con.-'idcrably in their applica- 
rioij to the various machines u.sed in the textile 
trailc's.) The form best adapted for laco curtain 
machines is* a special form of AJanchEistBR Top, 
.and for the “J.cveis’' machine a mo'lification known 
,as the “SpKiNO Dnoppoii’' JAi qi'ARD, wherein the 
various movements of the guide bar.s are accom¬ 
plished by the aid of droppers (q.v) or ■wedges, 
ilrcat accur<acy of niovcmcnt i.s nitained by the latter 
method. St'e also Sii.K Wjjavixg. 

Jade (Min.) A compact tough silicate of mag¬ 
nesium and calcium of variable comiiosition. It is 
much used i>y the .Maoris for wcajums and by the 
I'hincsc in the manufacture of cups, images, rings, 
etc. Abo called Nephrite and Axe Stone. Distin- 
gui'-hed from Jadeitc, which is a sodium aluminium 
silicate. Jade comes ehielly from China, Now 
Ze.vland. Corsica, and North Atmrica. 

Jag Bolt (h'ng.) A bolt roughened on the part of 
its a.\i.“, oi siiafl above tin' screw, iu order that it may 
be lickl fast by the material (wood, lead, etc.) in 
which it is embedded. 

Jalap (JMang). The dried tnbcrculatcd roots of 
Jpouuea pnrga (onler, Conrolevlaccer), imported 
iroiii Mexico, arc the somcc of the purgative resin 
.lAL.^P. 

Jamb (Build.) (1) ITiic brickwork on each side 
of a firejilacc. (2) The sides of a door or window 
opening. 

Jambe 07- Gamb (Her.) The paw and part of a 
leg of any animal. If extending only to the first 
joint it is called a I’AW. 

Jamb, Jamhart, Jambean (.Irw.) A defence for 
tile leg, generally made of cuir-bouilli until the 
fifteenth century, subsequently of iron. S(’e IHtX- 
BKBGS, ARMOPH, a7ld (UtEAVES. 

Jamb Lining (Ca/p. a7id Joi/i.) The wood 
fuii.sliings- that cover the .sides of window and door 
ojieiiings. 

Jamesonite (Min.) A sulpli-autinmnide of lead, 
2TbS, Sb„S.,. It IS orthorhombic and usually occurs 
in very‘fine capillary crystals. From Cornwall, 
Siberia, Hungary, etc. 

Japanese Paper. Made from the bark of Mwus 
papi/era satira. used for expensive printing, and 
especially for printing proofs of engravings end 
etchings. 
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Japtumers’ Oold Size iliee.) Size is simply a 
weak glue water made with gelatine of vaiious 
degrees of purity, ranging from isinglass or some 
form of inferior gelatine which has been freed from 
colouring matter down to the cheapest and darkest 
glue. Gold size js so called from its use by gilders, 
and is made from very pure gelatine. Japanuers use 
an exactly similar size. 

J&pftnning (^Dec.) This is a species of enamelling 
(g.v,), and, like it, is distinguished from ordinary 
varnishing by the japan being dried in hot sieves. 
Japanning, therefore, is restiictud to articles of no 
great size, usually of metal. Japanning is done wdth 
a suitable varnish, and may be in any colour, but 
black is by far the eommonest. Several coats of the 
varnish are applied for good work, .and each coal is 
dried in the stove before the next is applied. The 
beat is of conr.se much less than in cnsrnolling, but 
is often as much as liKJP C. The varnishes used are 
copals with less oil in them, but more turpentine, 
than in an ordinary copal vjiruish. Japanning gives 
a more brilliant and a more durable surface than 
any ordinary vurnisliing can do, but costs consider¬ 
ably more. Tin boxes and canisters, articlo.s of 
ironmongery, pajiii r much' good.s, slate for marlde 
imitation, and leather are often japanned. Japan is 
always coloured ■lelth Mineral pii/Menf/t, on account 
of the heat it has to .stand. Tlie black jajwn owes 
its colour to the asphaltum from which it is made. 

JapeiuB {Astrnn.) The most distiint satellite of 
Saturn; distant 2.2(>l,0t)0 iniics, 1‘criod Ti'd. 7h. 
C4m. Discovered by C'a.ssini in 1(571. 

Javdluiere. A ^•ase or stand for the display of 
growing flower.*, either inside or outsiilc a house; 
.also for the display of cut flowers .as a ta'. lc 
decoration. 

Jar^ooa (J/ia.) A variety of Zircon ( 7 .?'.) of .a 
smoky colour. Used as a gem. 

Jar, Leyden (£’lcet.) See T.iIstdkn .iita. 

Jarrah. See Woods. 

Jasmine or Jasminum (^Botany'). A genus of 
fragrant flowered jdants belonging to the Oleaceee 
(Olive order). The flowers of J. offieiuale and J. . 
grandijloruin yield on distillation a volatile, oil used j 
in perfumery. j 

Jasper (Mitt.) An opaque coloured variety of j 
silica in the rua.s*ive state. It i.* really an intimate j 
mixture of the crystalline anhydrfuis silica tjuartzinc ■ 
and the amorphous hydrated silica Opal, togetlair ' 
with other impuritie.s. Of all colours, chiefly red, | 
yellow, and green. Often found in veins in volcaido | 
rocks, or as pebbles from ilio erosion of tbe.se veins. 
Of very wide distribution. 

Jatropha (diotatiy). A genus of the Euphor- 
biacea found in tropical countries. The seed.* of 
several species yield by pifssurc oils used medi¬ 
cinally, for burning, and to adulterate croton oil.- 

JaTelin (Arms). A light spear used as a missile 
by both horse and foot in the Middle Ages. It is 
still carried in thLs country for display, e.g. by the 
footmen attending a judge on Htato occasions. 

Jaw (Mg., etc.) The part of a vice,clamp, chuck, 
etc., which actually comes in contact with the piece 
of work to bt! held. 

Jazenant (Arm.) Light armour composed of 
overlapping pieces of steel fastened by one edge to 
some feibric. Used in the fourteenth and fifteenth 
centnrieis in place of heavy chain or plate armour. 


Jemmy. '^A short crowbar. 

Jerkin (Cmtt.) A short jacket something like a- 
doiiblct, worn by men in the sixteenth and seven¬ 
teenth centuries. ^ 

Jesses (Tier.) See Hawk Bells and Jesses, 

I Jet. (1) A fine stream of fluid; (2) the nozzle or 
pipe from which such a stre.om issues, e-.g. the nozzle 
from which gas issues for burning, 

- (Mitt.) A hydrocarbon compound allied to 

Cannol tlo-il in composition. It is light, and takes 
a good polish, and liencc is used for ornamental 
purposes. Ohiefly from Whitby. 

Jet Condenser (Mg.) The device used for cen- 
deii.Mng the steam in the older type of steam 
engines. The exli.aust steam c'sc.apcs into a space 
in which it mingles with <’.old water Issuing from a 
jet or nozzle. The condensed steam and the water 
arc rein >ve:l by a pump, often termed an Air Pump, 
See Am ruMP (Eng.) 

Jets {Astro-n.) Meteoric lajiours ejected from the 
coma of a comet to Will', is tlio sun, ,aud immediately 
driven back by the solai repulsion. 

Jetty (Archlteci.) A jiortion of a building ex- 
I teiidnig beyond the face of the jiart below, as in the 
I ca*-e of a projecting upper .''tovey in a lialf-tiraber 
I budding. 

- (Civil Eng.) A small ])k)r or landing stage. 

Jeux d'Anches (Music). Tlu; French teim for 
! rood .'.tops on an organ. 

I Jewels. Src, I'kkcious Stonin. 

Jeyes’ Disinfectant. See Cudosotk. 

Jib (Entj.) The lu'ojccting j«irt of a crane fronii 
the end of which the chain hang.s down. See also 

CUAiV L,.':!. 

- (Eng., etc.) An alternatbe sjielling of 

(iin i'].r.) 

Jib Cranes (Mg.) S e r'RANE,s, 

Jib Door (Jouu rg). A msuv; door which, when 
shut, rcscndili!.* the widl it. which it fixed. 

3ig(Cijcle Manv/ac.) A. d"vii',c for holding parts 
of cycles (e.g. frame:.; in their proimr relative 
positions whiio they are being operatctl on by hand 
or othtT\vi.*e. 

- or Jigger (J/ia/iu/). An appliance for sorting 

or clrcs'.iitg ore worked either Ity ! and or by 
machint'ry. 

- or Jigger Saw ( Cargi., cle.) A narrow saw 

bluing a reciprocating motion, actuated l>y mechan¬ 
ism. Most, of the work for which thi.s saw was used 
i.s now carried out by the bantl saw (q.v.) 

Jigger. A term for many mechanical contrivances 
ust'd in v.ariftns trades ; e.g. in pottery maiiufaetarc, 
a vertical lathe upon whieh aiv made plates, sancers, 
dishes, and other flat and pressed wares. See also 
Jio. 

Jil Barrow (Eng.) A flat wheelbarrow without 
.sidi s. iis(‘ t in foundries and engineering shops. 

Job (Print.) Work which occupies less than a 
sheet. 

- (Trades). (1) Any kind of odd work, (2) A 

small oontx-act. 

Jobbing Founts (Tgpog.) Types suitable for 
jobbing work (74’.) ; generally^of a fancy character. 
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Jobblntf Haehlaes (JMnt.) Small platen macbioes, 
worked mther by a pedal or by ^wer; used for 
jobbing work. 

Jabbing Work iTypog.) This includes all kinds 
of miall work, such as cards, programmes, memoran¬ 
dums, circulars, bills, etc. 

Job’s Tears {Botany). A grass, Cojx laoJiryma 
(order, Cframinea), belonging to China and India, 
grown as a cereal in N(»rthern India. The hard 
“seeds” are used for ornaments, being made into 
necklaces, etc. 

Joggle ( Carp.) A‘ simple joint formed bs' notching 
two pieces of timber at a point where theyci oss eacti 
other; a.y. rafters may be joggled to the purlins on 
which they lie. 

- {Eng.) A small projection on a piece of 

metal work, which fits into a correspoinling socket 
on another part for the purpose of checking lateral 
motion. 

Joggled Joint {Mnoonry). A projection formed on 
one stone to fit into another. 

Joiner’s Cramp. A long piece of T or bar iron, 
with a movable shoe at one end and a s' rew press at 
the otlicr. U.sod for squeezing u]> the .shouldens of 
tenons in doors, etc. 

Joinery. The branch of wood working which 
deal.s with the more finished ancl ornaiuental jjarts of 
a building, sucli as door^, windows, staircases, 
internal fittings and fixtuins ; also certain classes of 
furniture and many iuiiclcs oonslrncied in a well 
finished style. Cf. CABiSK'niAKiKO and Cau- 
PKXTBY. 

Joint {Bind.) Tlie i»art of the cover where it 
joins the b.ack of the book on the inside, and where 
a kind of hinge i.s formed. In whole-bound book.s 
the joints are generally formed of the '•ami: m.'iteiial 
(pared down) as the cover; in half-l>ound hooks the 
joints are soinetinies covered with cloth if the book 
ta likely to Ikj much used. In other oases the joints 
are simply coveroil oi or with the end papers, which 
are pasted well flown into I he joints. 

- XElrft. Eng.) The main cs'-entials of a good 

eleotrwal joint arc three : (1) Elect iical eondnetivity. 
(a) Meehanical strength and durability. (;{) Facility 
for insulation. A joint may be soldoicd, brazed, or 
welded, or may be “flry," be. the two parts of the 
conductor are brought into close uietallic contact 
and kept fn position by twisting, lapping w'ith wire, 
by a damp, etc. 

Jointing {Carp, and Joint rj/). (1) The making of 
various joints. Tkxon, l>ovr/r.viL, etc. (2) The 
truing up of large nii'inbcrs of .a structure in which 
considerable accuracy is required. 

—— {Eng.) Applied to a great variety of 
operations, snob as tVio connecting together of lengths 
of piping. In foundry work jointing means the 
formation of suitable surfaces on two parts of a 
mould whie.h have to be separated when the ])at.tern 
is withdrawn; such surfaces are usually faced with 
fine sand. 

—— or Jointep Plane {Johtory). The large.st 
form of plane, resembling a jack or trying i>lanc in 
form, blit 2K or 30 in. long. Usmd in truing up large 
pieces of timlier. 

Jointa {diTp. and Joinery). Bee PoVETAtli, 
Balvino, Lap Joint, Mobticn and Tenon, etc. 

. . ( Genl.) Divisional iplanes of secondary origin, 

formed in various, rocks at or near thp time of their 


consolidation. Joints nsaally ooefir in two or more 
transverse sets, which cut across the bedding planes, 
of the rocks in snch a manner as to divide wem up 
into masses with some approach to geometrical regu> 
larity. They are spaced at about equ^ distances ajiart* 
and the rock affected does not usually tend to split be¬ 
tween them in directions parallel to the joints. This 
feature distinguishes joints from cleavage. Except 
in the case of strata of very uniform lithological 
character, joints tend to a “ bonded ” arrangement, 
like that of masonry or brickwork. The joints formed 
in rocks which have cooled from a state of fusion 
generally traverse them in such a manner as to divide 
tile eruptive rock into polygonal prisms, whose axes 
are perpendicular to the surface of cooling. 

Joists {Eng., Bnild., cte.) A general tenn for 
beams and girders, especially the horizontal beams 
w'hioh carry the floors in a building. See also 
Floobs and Roofs. 

Jolley {Pot.) A machine used in the manufac- 
turi! by machinery of cups, jugs, and hollow ware 
generally. 

Joule (Phys.) A unit of work equal to ten 
million (lO’) ergs. It is occasionally used in electri¬ 
cal calculations; but the unit of Toweb, which is one 
joule per second, is more frequently required, Tliis 
unit of power is termed the Watt {g.r.) 

Joule’s Equivalent, J. {Ilrnt). The amount of 
mechanical work which can be obtained from.one 
unit of heat if entirely converted into work ; also 
termed the Mechanical Equivalent op Hfat. 
The value of tliis equivalent has been the subject of 
many experiments since those of Joule; it is found 
that one calorie is equivalent to 4*189 x 10’ ergs, or 
th.at the licsit required to raise 1 Tb. of water through 
1° Kalinuihcit i.s equivalent t o 778 foot pounds. 

Joule’s Law {Eleot.) The heat produced by a 
current in a conductor is proportional to the lime 
during w'hich it Hows, the re.sistance of the conductor, 
and to t.ho square of the .strength of the current. If 
C bo the strength of the cniTent in amperes, t the 
time in seconds, R the resistance of the conductor in 
ohm.s, and H the amount of heat produced in calories, 
then H =. C’Rt x -21. 

Journal {Eng.) The part of a shaft which is 
actually in contact with the bearings. It must be 
truly cylindrical, and it is often of smaUer diameter 
tliaii the rest of the shaft. 

Journeyman. .A qualified mechanic or workman. 

- {('loohs). See Indicatok Dlals. 

Joy’s Yalve Gear {Etig.) A set of levers forming 
what is termed Radial Gear, sometimes used insto.id 
of eccentrics to actuate the slide valves rf a 
locoiuoti\o. The levers are driven by a link attached 
to the connect ing rod. 

Jube {Architect.) The rood loft over the screen 
which separates the chancel from the nave. >So 
named from the fact that the prie.'^t pronounced the 
woids jnhe Atmine benedirere from the rood loft j re- 
vious to reading the lessons. See Rood Hcseen. 

Judge {Mining). A measuring rod or staff used in 
mines. 

Juglandaces {Botany). An older of Dicetyle- 
dons belonging to nortli temperate and tropicsal 
Asia. The Walnut {Jvglam regia) is the host 
known genus, ami is valued not only for its fruit, 
but also for its wood and an oil expressed from the 
seeds. 
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Juj'lone (ChemJ) 


C CO 



COH CO 


(.'i-oxy-a-naphthoquinone). Garnet red needles 
(.i'roni alcohol); melts with decomposition at loO^'. 
^olul»le in chloroform, less soluble in alciuhol. The 
powdiT causes sneedng. Tt is obtained from walnut 
shells. On reduction jt gives o-liTdrojnglonc, 


HC COH 



COH COH 


which forms eoloiiric'^s pla(es. melts at is 

sparingly soluble in water, rc.'idiJ^' in alcohol and 
ether; its solution is oxidised on standing in air 
to -jiiglono. a-lTjalrojuglene is poisomms. On dis- 
ti.hiti lU it is changed to the isomeric/i-hjdrojnglonc, 
The hydrojnghmes occur in niiiipe w’.'ilimt shells. 

Julian Calendar (.tv^roji.) The calendar as 
rc\ I'.e I by Julius Cai-tir, n.c. 45. It is still, with 
trilling modification, used by all civilised nations 

Julian Period {AkI ron.') The Julian period con¬ 
sists c>f Jidian yours, etich eoniaining exactly 

o,:5’ days. l(s starting point or epoch is 
January 1, 47Ki B.c, 

Jumper {^inhiff). A form of hand ‘drill shaped 
like a straight cmvvhar. It has a chisel-like cutting 
edge, and cuts .a hole by a simide rising and falling 
motion. The blow may be intensified by striking the 
head of the tool \vit!i a hammer. 

- or Through Stone (Jtuild.) .S'v- Through 

.Stox". 

Ju7.’.ping Up Thickening tlie end of an j 

iron rod by liammeriiig it in llio direction of its 
length ; also termed Ul’SKTTlXG. ' 

Jump Joint A Butt .Joint (y.r.) 

Junsaces (^Boiany'). A Moni>cotyledon order 
found in moist jilaces in temperate and cold 
climiites. The lUtiSHttri (Juiu-im) are used for making 
Itaskets and .similar articles, and some species are 
usotl ns fodder. 

jurtetions {Civil Ung.) A }niirit where a br.aiicb 
enters or leaves another line. T i- main tail 
fernished with gaps, and tlic branch rail i.as 
tiwlTgHES or I’OINTS Jind t'Eossiscs or Guako 

Juniper (JMany). An oil is distilled from the 
unripe fruits iA ,hiitiperu:^ rorinHunis (order, Coniferre) 
and used in tnedicine. The fruits arc also used in 
making gin. tSoc al/>o WoOVS. 

Junk Ring (Eitrj.) A cast iron ring fixed to a 
piston in order to squeeze the packing (j.t*.) into 
close contact with the sides of the cylinder. 


Juno (Astroii.') One of the larger minor planets 
or st-steroids discovered by Harding in 1804. 

Jupiter, Planet (A^troji.') Distance from Sun, 
48:5,Ot!O,0tK) miles; diameter, 86,500 miles ; periodic 
time, 11 "86 years. Five satellites, whose peilbds 
iire respectively Id. IKjh., 3d, IJJh., 7d. 4h., and 
Hid. ish; the iniriod of the innermost satellite is 
not yet accuwitely known. 

Jupon (Cost.') A close fitting tunic, originally 
worn by knights under tlic hauberk or cuirass: 
hitor a sleevolcbs surcoat reacliing to the hips, often 
of rich mtiterial blnz'nual with arms, and w’oru over 
arumur. That of t!ic Black Prince is still to Vo seen 
in Westminster Abbey. tSfee Coat Aumoub. 

Jurassic System (Crol.') Tlie group of rocks 
w'hii'h endwaces all the strata between the top of the 
llliTtk: Beds irj.v,') and tlie ba.se of the Neocorniau 
Bocks. It thi'refore includes the Lias and the 
Oolites. These rocks arc t^p^cally developed in the 
Swiss Jura, whence the name. 

Justification (Typiy.') Tlie adjustment or even 
sjjuciiig of wiinis and line.-, in a given measure. 

Jute {Jtofi/iif/). Tiic plant Corchorvs oapsiilaris 
(onler, Tiliocto'): also (\ o/itorius \» tlio source of 
Jl’TL' or (iirx.M', which i.s obtained l>j' mae^Tation 
of the bast fibres, a» in Jlax and hemp. L’sed in the 
mauufaeiurc of .sacks, paper, carpets, cordage, etc. 


K {/.Vtr/.) A .-ymbol used for the BruciKlC 
IsuirCTlVE C'Al’.V ITY oi a dielectric (fj.r.) 

- (PliifS.. (•*. d A symbol often used for the 

INfoMUXT oi’ a:!;TlA (y.r.) The letttr 1 is also 
use<l. 

k (J'.Iecf.) A .s-.'ml)! Used f-T the ’.lAGXUTIC 
Si.sci.i'irnii.i lA (y.c.) iron and steel. Its value 
is < ashy obtained fiom th tables of 1’matKABILITY 
(fj.i\) by the toiniula 

/IX ” 1 h 1 w /i' 

in w’hieli p equ.als Iho PiTiiu'ability. It i.s evident 
thtil if p be lioge, /.' is vci\ ajii.rcximatcly equal to p 
lihi'ii'd b.\ 4 JT or Jg-u. 

- (Flips., rtc.) A symbol frequently used to 

! denote a constant. 

Kaaha. -''V'e ('A.vitA. 

Kachin {Photo.) The name of a subsUtnee used 
as a de\elo[)ei. It is a white crysbilline powder 
readily .soluble in water. 'J'iie use of bromide with 
this developer is iimK!ee.ssary, :ind in fact greatly 
retards its action. With jilates that have been eon- 
hidorably ov er-exf>osud it will yie.ld good negatives. 

Kahnisin (Mi trund.') The hot wintis of Egypt. 

Kakemono (Art). The name given by the 
.Japanese to a wall ])icture, generally painted on 
silk oi pa]!ev, and nioaiil.ed on rollers. It j.s the 
custtirn in ,lajjane.se lioiises to toll up fbe kakemonos' 
jjcriodieall.v and substitute others in their places. 

Kale (Jioianij), \ cultivated form of Brassioa 
nh racoH (order. Crvoifera), used as a vegetable. 

Kaleidoscope. An optical toy, consisting of a 
tubular body containing two (or three) mirrors 
arrtinged at angles of (JO''. Small objects (e.g. pieces 
of coloured gliiss, beads, etc.) are contained in a 
glass oomjtartment at one end; on looking through 
the otlier end, tlie objects and their reflection in the 
mirrors form symmetrical patterns, which change as 
the instrument is rotated. It is employed to a small 
extent by designers. 
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Kalinite (JLTin.) See Aiitru. 

Kampylite (_Min.) A variety of Mimbtitb (g.v.) 
occurring in barrel ahapod crystals, whence the 
name. Found at Dry Gill Mine in Cumberland. 

Kann {Mming). A Cornish name for Fluobsi?ab 
(y.v.) ^ 

Kaolin (Qeol}) Another n.ame for Chika Olay. 
It originates chiefly through tljc prolonged acition 
of subterranean waters upon fel-par—chiefly upon 
the potasli felspars Orthoclase am I ilicrocline. As 
a rule kaolin occurs only in those granite areas 
whose surfaces have not Ixjcn lately bciu'ath the sea 
and which have not been recently jnred to any great 
depth by glacial action. Kaolin is aimost absent 
from tho north of England ami from the whole of 
Scot.land. ]Mo.'t clays vicrc oviirinally impure forms 
of kaolin. It is a bydr'ius silicate of aluminium, 
.2R./>. ALOg. 2SiOj. Apjiroximale composition, silica 
= 4tJ‘3, alumina — 39-s, water -=■ 13 9])erccnt. Mono- 
symmetric. The crj sials are microseojjic plates ; it 
ajipears to the naked eye as a fine white clay, with a 
slightly soapy feel. From Cornwall, Saxon v, Austria, 
China, and the Uniteit Isltifcs. li is used with 
Petuntse, a similar material, to i'orm hard jiastc 
porcelain. See roTTLBY AND I’oKCELAlN and 
Chisa Clay. 

Karri. Sec tVoons. 

Karrusel ( Watelns). A nnj'lern form of tourbillon 
inrcnieil l>yi». lionnikscn.in wliifh the Mtarj cseapt- 
nicnt carri.'rge turns at a nnicir .slower r.'ite than 
in llregiiet.’s original invention, making ihe watch 
stronger and cheaper, while gaining the .same object 
Si-e Toubbillox. 

Kaspine Leather. A new kind of wliitc Icatlier 
iaiinc(l liy nieans of iornial.lch\de and an alkali. The 
pro<’.ess wa.s discovered by E. E. M. I’ayne in l>s9k. 

Kater’s Pendulum. Sv I’ex'dulcjts. „ 

Kathode or Cathode {Pleet.') The coiiductor or 
■electrode (y.r.) by w Inch an elc-tric current ]ea\e.s a 
conducting sj'stcm, e.g. u liquid or gas. 

Kathode Rays {Pleet.) An emanation from the 
kathode in a liiglily exhausted \jicuum tube. These 
rays i»rohahly consist, of a stream of ncgatiicly 
clectrilied jarticles, .shot out from tho kathode ; they 
travel tlirongh the stream in straight lines, and can 
be dellectcd or even hriuight to a focus by a plate of 
suitable shape placed in their j-tath ; they arc al.so 
deflected by a m.'igiiut. Tlicy are cither idimtical 
wdth or give rise to the emanation known as 
Lenabu Hays (y-r.) S'c also Hadiatiox. 

Kation or Cation {Elret.') The lox' (</.r.) in a 
solution, which travels towards the Ivatholb (y.r.) 

Kaorl. Sec Woou.s. 

--- Kauri or Cowrie oojjal is a resin 

«xudcd by two trees, JJanunara australis in Kew 
Zealand, end T>, ovata in Kew Caledonia. It is used 
for varnish making. In commerce the only kauri 
used is tho sub-fo.s.sil exudation, whiuli i.s dug up in 
lumps, often weighing a hunilredweight or more. 
The fresh exudation of the trees is of no lalue. The 
value of kauri in varnish making is <lue to the large 
amount of oil it will take up, and to the fact that 
it can be worked into a varnish at a lower tempera¬ 
ture than any other copal. Tho trade in it amounts 
to about half a million pounds sterling per annum. 

Kazan (_Min.inij'). A Cornish term for a sieve. 


Keel Moulding (^AreMteet.') A moulding used in 
tho Early English and Decorated periods. In section 
it resembles the keel of a ship or an ogee arch. ” It 
consists of a pointed bowtcll with a slight sinking 
on each side of tho point or arris. See BoWT^LL, 
Hull Moulding, and Scboll Moulding. 

'Keen’s Clement (TMld,') A cement or plast,er 
capable of being woi kod to a very hard and highly 
polished surface. It is obtained by soaking plaster 
of Paris in alum water after a first calcination; it is 
tljcn pat ag:iin into the kiln, rebumt, and ground. 
It is especially useful on sharp angles of walls and 
on walls which have to be painted. 

Keep QArcha-ol.') See Dox’JOX. 

Keeper {jRlect.) A jiiece of soft iron placed across 
the poles of magnets; it complete.^ the magnetic 
circuit and <lce,reasos the demagnetising effect. 

- {Eng.') The lower part of the bearing in the 

axle box of a railway vciiiclc; there is no force 
exerted by the axle on this part of the bearing 
during steady running. 

Kefir (Foods). See Kmbhib. 

Kelp (Chem.) The ash obtained by burning sea¬ 
weed, esix-cially deep-sea weed, Tt is used in the 
j)repaKition* of iwline (g.r.) Instead of burning it, 
tli(! weed may be extracted with sodium carbonate 
."oluiioii, and the liquid obtained treated with hydro- 
i-l.loric acid. Tho resulting liquid, neutralised with 
ciinstie soda and evapor,ate<l, gives a residue of salts 
enlhid kelp .Mibstitule; it eorilainsj all the iodine,and 
i-s u.sed for the i)re])aration of ioiline. 

Kelp Substitute (('hem.) &'e Kelp. 

Kentish Coal. Sf:e Coal. 

Kentish Rag (Build.) A stone used for rubble 
walling. See. HuiLDTKG ATONES. 

Kentledge (Eng.) The heavy material (stones, 
scraj) iron, etc..) used to form a counterbalance 
weight in a balance crane. 

Kephir or Kefir (Ilggleaie). Fermented cow’s 
milk; a modern .'«ubstitutc for Koumiss (i/.t!.) It is 
more easily digested and absorbed than the original 
milk, and is used medicinally. The process of fer- 
ineuTation is a double one; both lactic acid (q.v.) and 
al.-ohol are produced, though the amount of each is 
very .small. 

Kepler's Laws (Astron.) Fikst Law ; The orbit 
of a planet is an ellipse, the sun being in one focus. 
Sec.ixd L.VW : The radius vector (the line joining 
the sun to the planet) sweeps out equal areas in 
equal times. TniBD LJtW: The square.s of the 
Periodic Times of tho planets are pro))ortional to 
the cubes of their mean distances from the sun. 

Kerargyrite (Min.) A synonym for Hoen 

SiLVEB (q.r.) 

Keratin (Zool.) An organic substance which is 
found in lioin, nails, and in the cells of the e.pidermis 
when it assumes a homy texture, i.e. when pressed 
out by the growth of younger cells. 

Kerf (Carp, and Join.) The cut mside by a saw. 

Kermesite (Min.) An oxysulphide of antimony, 
2 Sb»Sj, Sb„0,. Antimony =■ 70-34. oxygen = 4*73, 
sulphur = jK'r e.uui. Monosymmetric. Crystals 
usually aeieular. AI.-.0 in radiating masses. Baxony 
P.oheitiia, Hungary, France, etc. 

Kem (Tgpog.) That part of a letter which ovrer- 
hatigs its body or shank, more generally met with in 
italic type, owing to the slope of the chaxaotei-s. 



330 


KBT 


Ken^B PheDomena or Kerr Effeota (Pkyt.') Ken 
discovered that a transparent dielectric like glass 
or carbon disulphide beoomes doubly refracting 
under tbo influence of an electrostatic strain. Ter¬ 
minals were fixed in holes drilled in a slab of glass 
and connected to a powerful electric machine, and 
the glass was placed between crossed Nicol prisms, so 
that the light passed through it at right angles to 
the lines of electric force. On working the machine 
the dark field became coloured. Kerr afterwards 
discovered a magnetic effect on polarised light. 
When plane polarised light is reflected from the 
polished surface of the pole of a powerful raacnet, 
the plane of polarisation is rotated ; the rotation 
produced by a positive pole is in a clockwise direc¬ 
tion ; that produced by a negative pole is in the 
reverse direction. The phenomena is, however, com¬ 
plicated, and depends upon the relation of the plane 
of polarisation to the plane of incidence. This effect 
is one of the various experimental re.sults which 
connect light with electro-magnetic phenomena. 

KeroBene (Chem.) That fraction of American 
petroleum boiling between ]S()“ and 300”, and con¬ 
sisting of paraflln hydrocarbons (q.v.) containing 
from 10 to 16 atoms of carbon. It is u.snally 
purified by shaking in succession with sulphtiric 
acid and caustic soda, distilling it, and collecting 
for burnijig purpo.^es the fmetion coining over 
between the above temperatures. 

Ketipie Add ( Chm.) See Ketipic Estek. 


Ketipic Ethyl Edier (^Chevi.) 

cocn.noocHi 

A crystalline solid; melts at 77”, soluble in alcohol. 
Ferric chloride imparts a deep red colour to its 
solution in alcoliol. Forms an osazone (jj-p.) On 
hydrolysis it yields the unstable ketipic acid, which 
readily loses 2CO,^ aud forms diacetyl—a diketonc 
{q.v.) Ketipic ethyl ester is oblnined as follows; 
Act upon ethyl oxalate anc^etiiyl acetate with sodium 
ethoxlde, 

OC,H, 

/OCM, 


CO + NaOC,n* c 


k 


.^ooaHs 

.00Ji. 

oAhOi® 

1 


, \oNi: 

coot;.,II, 


II. 


1 ^ONa 
COOCjlI^ 

C = CH . COOC.H, 


+ n-'^c. coocji. 

ir 


h 


ONa 
COOUjOs 


2C,H,OH 

C.OH: Cri.CUOC.Hj 


Acidify, and the product is 

(ethyl oxalacetate). Hepeat the whole process on 
^is compound, and the product is ketipic ethyl e.ster, 


COOOjHg 


CH 

1!^ 

C.OH 


A. 

GH 

A 


OH 


, or (tautomeric form) 


OOC,Hi 


COOCj,Hs 

I 

OH. 

CO 

CO 

OH, 

<!!00C,H^ 


Ketonea (CRm.) Compounds of the formula 
E — CO — E', where R and R' are alkyl groups or 
other hydrocarbon residues which may be the same 
or different, are called ketonea. Examples are 
acetone CH,COCH„ and acetophenone CH^COCj]^. 
When E and E' are substituted alkyls or bydrooarbon 
residues, the compounds have still the keto^ cbaraC' 
ter, but have also the character of the substituting 
groups superimposed on the ketone character; e.g, 
ethyl acctoacetate, CH.CO . CH^COOC^,, has the 
ketone character, but this is modified by the pre¬ 
sence of the group — COOCjllj. The ketone group 
may also occur iu a ring', giiing rise to what are- 
called cyclic ketones; e.g. 

ClI, CH, 

B,C^ ^CO 
CH.. CH. 


which is called cychihexanone (see KoMEKCtATUBB)- 
or kctohexamothjlone. TJie ketone group may occur 
more than once in a coiniiuund, giving diketoims 
(q.v.), etc. Among the bt-nzene compounds there 
occurs a cla.ss of ketones of such distinctive proper¬ 
ties that they have been given a special name— 
quinones (see Quinones). The ketones may be ob¬ 
tained by many inotluifis; e.g. (1) Heating the 
calcium salf.s of acids— 


CH:rOO> “ CH,COCH, -t ro <g> Ca 

Calcium Acetate. Calcium ('arlxmate. 


xClIj, - CH..COO 
CH, ^Ca = n 

\CIL - CH.,. OOO''^ * 

Calciuni FiJieiatc. 


,c(^ ; CO + 

chTc’h, 


CO<«>Ca 


(2) Oxidation of a secondary alcoliol— 

CH,. CTIOH . CH, + 0 = CTI, . Ct) OH, + H,0 

►Secf*ii<iaTy Proj/yl A3coL«»J. 


(;S) Action of zinc alkyls on acid chlorides and 
subsequent treatment wi'tii water—*■ 

CH, .0i\ CII, 

I +Ze/ = I .OH. 


^\ci 


V- 


CH, C<^OZnCII, 


CH, CH., 

1 OH, • + HOn = I /CH, + 
CvO/.hCII, 0<^ 

V‘l ^'0 

H Cl + ZnO + CH, 

Basic Zinc Chlmiila. 

(4) From nitriles by the action of an alkyl iodide 
in presence of magnesium, the best yields being 
obtained with aromatic nitriles (e,g. benzonitrile 
with ethyl iodide gives an 80 per cent, yield of the 
ketone)— 

C.HjCN + C.,H,I + Mg = J>C - N. MgX 

BenEonitrilo. 

2[,'«5[''>C : NMgl + 4HOH « 2^,«^»>CO + 

2NH, + Mg(OII),+ MgI, 

(6) From /S-lsetonic acids by hydrolysis of the ester 
by alcoholic caustic potash (tee EthtB AokTO- 
Acetate). Important examples of ketones are 
acetone, acetophenone, camphor; and of com- 
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pounds oont^ining icetone groaps, ethyl aceitoaeetate 
and tevulose (tee these), (6) Aromatic ketones may 
be obtained from benzene by the action of an acid 
chloride in presence of alnmininm chloride (see 
Aobtophekone). The chemical reactions of the 
ketones are : (1) On reduction they yield secondary 
alcohols and pinacones, 

CH, 


(!h. 


CH, 


CH, 

1 ^ 

i<OH 

1 /OH HO V 

« c- - 

1 

CH, 

An,. 

CH, 

Pinaome 


CH, 

C 


CH, 


CH, 


+ ji ^ c 


CH, 


I 

CH, 


CH, 

Tctmuiethylglyoul. 

OH 

H 


(2) On oxidation they yield acids with a smaller 
number of carbon atoms in the molecule than 
the original ketone ; ejj. ethyl propyl ketone, 
OHjCHjCOCTLCUmCH,, yields acetio, propionie, and 
butyric* acids! (;i) I’ho.sphorus pcntacshloiide re¬ 
places tbe oxygen by two atoms of chlorine, 

CH/X)CIJ, cii,cci,cn, 

(4) Ammonia causes condensation, and then adds 
itself on to the product, 


CH, 

ho 


CH. 


,CH, 


C: CH . CO. CH, C*. NH,, CH,COCH, 

II I ‘ ■ 

CH, CH, CH, 

Mmityl 0<ci<1e. B,P. ]8(f. DiiiLelonamino (Liquid). 
CH, Cfi„ (’il. 


8 CO 

i'u. 


C:CII.CO.CH:C 

I I 

CH, I'H, 

J'liorone. M.P. 2s-'. 

CH, CH, 

i’.cn.co.CH.c 


CH, i!h 

Triacetoniimine. 


CH, 


M.P. 40® 

(5) With hydrocyanic acid (IlCN), hydroxylamine 
(II,NOIi), and piienylhydrazine (I1,,N .NHCgH,) tbe 
ketones behave like the ahlchydes, forming re-'pec- 
tively oyanhydi'ins, ketuximes, and hydrazones— 


CH, 

lo 

Ah, 

oil, 

Ao 

Ah, 


CH, 

+ HCN = A J 

cii, 

«-OxyiBOlwitjionitriie. B.P. 120®. 

CH, 

H,N.OH= C:NOH 


CH, 

Aoetoxime. M.P. 80®. 

(6) Those ketones which contain a methyl group 
unite directly with sodium hydrogen sulpldte just 
as the aldehydes do. (7) Ketones undergo con¬ 
densation ; e.ff. hydrochloric acid causes two mole¬ 
cules of acetone to lose one molecule of water and 
form mesityl oxide (see 4); three molecules of 
Acetone to lose two molecules of water and form 


phorone (see 4). BoOed with sulphorlo acid, ioetMte- 
condenses to mesitylene (^.r.) (8) Ketones, especially 
cyclic ketones, yield tertiary alcohols when h%41elS 
with magnesium and an alkyl iodide in thereat 
solution, and the product of the reaction acidified 
with dilute acid: 

CH, CH, CH., CH, 

h,c< 3 oo-»h,o(_;o<^^' 

CH, CH, CH, CH, 



CH, CHa 

Ketose (Chmi.) A sugar which contains the- 
ketone group is called a ketose— e.g. laevuolose (q.v.) 

Ketoximes ( Chem.) See Kbtoneb, also Oximes. 
Kettledrums ( Musio ). See Mdsioal Instkuments 

(I’KItCLSSlOX). 

Kettlestitch (Jfind.) The chain stitch made at 
the Imad mnl t.-iiJ of a book when the sections are- 
being sewn together, prior to binding, in order to- 
keep them firm. 

Keuper [GpoI.) The uppermost division of the 
Tri.as or I’ppor New Bed. In Britain it consists 
of a small thickness of sand.stone, prevalently red 
in colour, and an overlying series of red marls, 
which range to os much as eight hundred feet in 
thickness where they are most fully developed. 
Deposits of rock salt, and also of gypsum, occur in 
these maths. Tlie Keuper series has been formed 
under continental coudithtns, and in an arid climate, 
at the botlora of inland lakes. 

Key {Bind.) A small metal implement used to- 
secure- one end of a band to the base of a sewing 
press', the other end being attached to a loop formed 
of cord on the adjustable bar^running across tbe press, 
Ser Bands; and Sewing PKEsswft//«r Bookbinding. 

- {Kng„ etc.) (1) A wedge shaped piece of iron 

or other maioiial used for fixing a joint, especially 
the wedge by which a wheel is fixed on its axle. 
(2) A tool used for turning a nut or other loose part 
of some machine or structui'e. 

- (Musie). I. A system of notes in connection 

with one certain note called the “Tonic,” or key¬ 
note, from which the key is named. This system- 
includes the seven notes of the major diatonic 
scale, together with five chromatic notes, vit. the 
fiattened 2nd, 3rd, 6th, and 7tb, and sharpened 
4th of the diatonic scale. The technical names of 
the se\en diatonic notes are: (1) Tonic or keynote. 
(2) bupertonic (above tbe tonic). (3) Mediant (mid¬ 
way between tonic and dominant). (4) Sub-dominant 
(tlie ?/«rfer-dommant, being a fifth below the tonic 
just as the dominant is a fifth above the tonic) 
(5) Dominant (governing note). (6) Sub-mediant (the 
KMdcr-medittnt, being midway between the sub¬ 
dominant (under-dominant) and the tonic. (T) The 
leading note (from its tendency to lead to the tonic, 
below whicli it is only a semitone), also called■^Bub»■ 
tonic (under the tonic). [8. Tonic, or Keynote, being 
replicate of 1.] Starting from C, the twelve *iOtes of 
the key arc: 
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These notes with the tails tumeti down form the 
< majin* scale; those with the tails turned up, the 
minor scale. The whole series form the diatonic 
ebrom.'i.tic scale. II. That put of the mechanism of 
kcreil instruments on which the finger rests. It is, 
strictly speaking, a lever, which in the case of the 
pianoforte raises a hainiiier, and in the case of the 
tiute, etc., opens or closes the sound holes. 

Key (PlasieriHi/). The portion of the plaster tli.nt 
squeezes through the l.nths of a eeiling or iiartition ; 
any holes or roughness that the plfistcr can hang to. 

Key Bed or Way (AV//.) The grove cut in a 
shaft or the hub of a wheel, into wliieh the key is 
driven. 

Keyboard {Mutio). The set of keys on instru¬ 
ments ])layed by means of keys. On orgar.s the 
keyboards are spoken of as “ itumiials,” to distinguish 
them from the keyboard played with the ftiet, called 
a pedal board. 

Key Harmonica (.Viittic'). Sre Musical Instuu- 

MESTS (I’KEUVSStOX). 

Keyhole Saw (('<tr/>,) A narrow .saw having a 
liandfe at one end only, ami somewlifit resemblimr 
a very narrow handsaw ; used for cutting out siimll 
pieces of wood such as those removed in f')riuing 
the central imiiu of a keyhole, A hole is bored at 
each end of the keyhole, in which the ijoint of the 
saw can be inserted. 


Keyless Work (Wafcficx), The mechanism en¬ 
abling one to wind and set a watcli by turning the 
pendant knob or “ button,” instead of having to <isc 
a separate key. 

Keynote (^fxxic). AIko called Tonic, The note 
from which the scale l»egius, and by wliich it is 
named. 

Key Seating A Key Bed {q.v.) 

Key Signature (Mimic) The sliarps cjr flats 
belonging to the key jiiaeed at the beginning of 
a piece of music between the clef and the time 
signature to show tliat every note of their res¬ 
pective nanie.s, throughout the piece, is to be so 
affected unless contradicted. The sharps and flats 
are called Essential skirps and flats, and are written 
as follows : 


'Major Key. 
Minor Key. 


Kevs WITH SuAurs 


^ C G D A K B FS CJf 

A K I! FJf CJ O# BJ AJ 


often spoken 6f as the “ open ’’ signature. It will 
1)6 noticed that the minor keynote is always three 
semitones below the major keynote. A simple rule 
to determine whether a piece is in the major or 
minor key is: Assume that it is major, then sec if 
iho <loniinant is unaltered throughout the piece or 
sef'tion. If unaltered, it is major; but if that note 
be, niised in the majority of times it occurs, then it 
is in the minor key. 

Keystone {Architccf,') Tlie stone which occupies 
<he centre of the crown of an tuch. Sec AliCH. 

Kibble, Kibbal (Mininii). A vessel used for draw- 
itig up materials from a mine; a bucket, barrel, etc. 

Kick {/iuild.') The de,]nv.ssion or Fkoo in the 
surface of certain kinds of bricks. 

Kidney Ore (Vix.) A variety of H,'K,vi.\TirE 
(ij.r.) so called flora its resemblance to a lubed 
kidney. 

Kicselguhr. A fos.sil ileposit con.si.sting of the 
silieilied valves of tlie vegetaiilc organisms known as 
Ih.VTOMS (fj.r.) It is used in making dynamite 

Kieselguhr Bricks. See Bbicks. 

Killas {(’Col.) A Cornish name for the country 
rock, mainly of sedimentary origin, in which the 
inetalUferous veins occur. Tlie ijamc is ajiplied 
irrospei'tivc of tl'O geological age of tin* rock. A 
huge part of the kilhis may be of Devoniau age; 
some is eertaiidy Carbonifelons; ;iud p.'irt may pT- 
tain to tlie Troterozoie Systi'iu. .Mi)>-t of the “killas” 
<)f Itcvonsliire and Cornwall has been dynairiicnlly 
metiiniorphiserl. 

Killed Spirits. A solntion of zinc chloride used in 
soldiMing; sciap zinc i.s .added to liydrochloric acid 
antd the acid is neutralised or "killed.” 

Kiln. A furnace in which ore er some of. cr 
substance i.s placed in order to be srwmgly healed, but 
not fused; c.ff. in gla.ss manufacture a .squ.are or ive- 
tangular anne.aling oven lieiit<.d on bolli sides, used 
cbn-fly for armcaling large article.s. When full the 
kiln i.s clostd, and liy s.ilowing tlie fires gradually 
to become exihict, the anicle.s tire more thoroughly 
annealed than by passing tiieiii down the lear. S-r 
limCKS, (JLAS.S MANUFACTUKK, rOTTEUY AND VOTl- 

CKLAIN, Bisque Oven, Olost Oven, Enamel Kiln, 

lie. 

Kilogram. Sec Weicjuts and MEAStTKES, 

Kilometre. See Weights and Mbasubbs. 

Kinematics. The sniouce. dealing with the motion 
of bislies, apart from the forces which produce the 
motion. 


Krvs wiiH Flats. 


Major Key. 
Minor Key, 


C 

A 


D G C 


1 


i‘J 




bA-El 

AO 

IW 

Gtl 

a 

F 

Bh 

El 

A5 





It will be seen that in keys with sharps the major 
keynote is always one note above the last sharp 
in the signature, and in keys with flats it is always 
the last flat but one in the signature. The keys of 
A3 major and A minor having no sharp nor fiat are 


Kinetic Energy. The energy which a body 
pos-ie.sses in virtue of its motion. ]f »» be the nia.s«, 
ami V the linear vehfcity of a body, then the kinetic 
energy is J «t. r*. In the case of a rotating body, if 
K he its Moment of Inhbtia (g.v.) and w* its 
angular velocity, the kinetic energy is ^ K w®. 

Kinetic Friction. Sec I’biction, Kinetic. 

Kinetic Theory of Gases (Phye.) The theory 
whereby the known physical projjeitie.s of gases are 
deilnecd from the assumption that a gas consists of 
many i^eparate molccule.s, each having a finite mass 
ami velocity, and obeying tho ordinary laws of 
motion. 
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King Bolt (Citrp md Join.) .An iron rod, 
tnkinpr th<j place or the king post in a truss. See 
alitfl Hoofs. 

Klngeloser. A brick cut lengthwise, showing 
2 J in. one end and 4} in. the other. 

King Poit ( CVryy;. and Join.) The central vertical 
timber in a tmshed roof or in a partition. See 
also Hoofs. 

King Hod (.Sa lid.) An iron rod used in place of 
the king post in an iron rocjf. See Kiku Holt and 
Hoops. 

Kings of Arms. The chie,f ollicers of the Hcmlds* 
College. They are “ (lartiT," " Olanuireux,” and 
“Norroy" for England; " Jlatli," "Ljou,” and 
“ Ulster" for Wales, Scotland, and Ireland 
respectively. 

Kino. A dark red astringent jelly-like juice u.sed 
in nietlioine and tanning. Obr..'>lne<l from incisions 
made in the trunks of various trees and fehriibs in 
tropical and sub-tropical regions. Tlie < hief v.'irieties 
are official or Malabar Kino (India and Ceylon), and 
Australian or Eucalyjitns Kino, It resembles 
t'ATKCHU (fj.v.). 

Kiosk or Kiosque (■.trel/lfief,') A .small structure, 
gencndly polygonal or eirciilaf in consiruction, with 
open sides, atid surmounted by a dtuiie-shaped or 
lent-shape^l rotif carried (,n pillar.s. L■^ed as a band 
stand, Bumuier lionsc, etc. 

Kip Leather. Leafln.T made from Kiji hides, 
which are the skins of ye.'irliug cattle grown in 
India. 

KirchofTs Hypothesis The t.yiioibods 

which c.xplaiueil tin* (uigiu of ilie d.iih linos in the 
.solar speetnim. When tlie light lr<>ui an ijicnn- 
descent body passes tlirougb the .'•amc substanee in a 
state of \apour, tlie eolomed baiiLls become replaced 
by' dark or absorption liin-s. 

KirchofTs Laws Fiust Law ; Ata])oiiit 

where any number of coinluclois cailying ciiireni-. 
meet, the algebr.aic sum of all the currents Ihjwing 
towartj.s the point is equal to the sum of t !ic‘eurreut' 
tiowing avvay fiom the j'oint. bAW: If 

any closed ciiouit be made up of conduct ors of 
resi,stancc r„ r.j, etc., and if the currents in these 
conductors are Cj, e^ e^, ele., then the algebraic sum 
c,r, + e^i\j + + is equal to the electromotive 

foice acting in tbo e,h(!uit. This law is of great 
use in the calculatiim of currents in comliictoi's 
forming a number of different closed circuits, e.//. 
the WHliATSTONl!! HltlDCI-l (f/.V.) 

Kish (_C/iem.) A name given to the carbon which 
sejiaratcs from melted pig iron when silicon or 
highly silicious iron is ailded t.o it. Wlien a molten 
mass of grey pig iron is allowed to cool tdotrly (as in 
a foundry ladle) a .scum of graj'hitic e.arbon (^.r.) 
separates and collects on tho surface. 

Kilt. See Cist. 

Kit-Cat {Paint.) A term ajipUed to ii portrait on 
canvas rather loss than threequarter length (116 by 
28 in.), in which the hands are shown. The term 
arose from the fact that Sir Godfrey Kneller painted 
a series of portraits of members of the Kit-Cat ('luff 
on canvases of those dimensions to lit tlie walls of 
a room in Tonson, the publisher and booksellers 
residence, Bara Elms, Ihitney. A<ldison and Steele 
were amongst the members of the club. . 

Kitchener or Kitohen Range. A kitchen stove 
the grate portion of which can be either used as an 
open or a closed range. It is provided with an oven 


and a boiler and with the necessary fines for heating 
them. The top of tho stove, known as the hot platOf, 
is used for heating saucepans, etc. 

Kite (Mfteorol.) An instrument for “sounding,^ 
or taking observations in, the air Of various shapes- 
aiid sizes. It is raised in the air by the force of the 
wind pressing against its surface, and is held steady 
by means of a cord. 

Kite Winch (Meteorol.) A winch used for paying 
out the line or winding it up during the flight of a 
kite. 

Kiemm’s Leather. See Crows Lbathkb. 

Knee {Carp, and Join.) A convex curve, the 
rev<'i>e of a llAWP (y.r.) 

Kneeler {Pnild.) A stone iilaced either at the 
base of the .xlope of a gable or at a higher level; its 
ba.se is horizontal, while one face is usually' cut to 
the siunc angle as the gable. It serves to relieve a 
part of the diagonal thrust, 

Knib (Typog.) A .small projcclion at one end of a 
setting rule to enable it to l>c more easily lifted from 
Ihc composing stick when the line of type has been 

j 

I Knife Edges. Sharp edges of steel, agate, or other 
har<l material, on which a lever turns; used in 
I balances, vvclgliing nnudiines, etc. 

Knife File {Eng.) A thin, sharp edged flip. 

Knitting Frame, or Loom {Textile Manv/ao.) 
A inaclime for the knitting t)f warp threa's into 
a wearable fabric. ll rmiv l>e a straight-bar or' 
I j'ircular loom. The fabric posscsse.s the .same 
; ftnicturc sis that due to the ordinary proce.ss of 
. kniltiiig. 

I Knocking y’^'lng.) A noise heard in the cylinder 
j of a pump or engine, due to a loo.>e paW or the 
j accumiiiation of fluid (gas, .-team, fir water) at the 
I end of the stroke. Tl.e term is often sipplieil to 
i noi-.es due to various other defects in machinery. 

Knocking-Down Iron {Jlind.) An oblong rect¬ 
angular jiiece of iron wiiii a leg on one side, by 
means oi which it is seoinod in the lying press. 
Tiic upper surlaco, wiiicb is Hat, is used as a support 
when beating the slijis in tlie Iwirds after they are 
laced in, so that they may bo imperceptible when 
the boards ate covered. 

Knop Yarn {Tixfnc Jfitnn/ae.) Yarn on the 
sill face of wliich arc foiuied at intervals small 
knops or lumps, which may be of one or several 
cohall's. The proec.ss of producing this yarn is 
known as “ kuopping,” anil is done on the twisting 
frame. 

Knots {Her.) Henildio biulgos, made of inter¬ 
twined cords, borne liy different families. 

Knotter {Paper Manu/ae.) An appliance for 
romov iug knots and inoohanical imiuirilie.s from pulp. 

Knotting {Pec.) A preparation ef shellac used 
for covering knots in wood before being painted. See 
House J’aintino. 

Knuckle {Ihtild.) The joint of a hinge. 

Knuckle Joint {£ng.) A hinged joint between 
two rods ; one posse.sses an eye or loop, fitting into a- 
forked projection on the other rod; a pin passes 
tlirougli the eye. forming an axis, about which the 
two members can turn. 

Kohlrabi {Botany). Like the cabbage, hrocooli, 
and kale, this plant is a cultivated variety of 
Brassica okracea (order, Crneifera:). 
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Sola {Botany). An AfTicip plant, Cola aouminaia 
^{StormUaceo!), yrhosa seeds, laiown as Kola nuts, are 
used in medicine, having the power o£ sustaining 
fatigue. 

Kollergang {Paper Mamfaa.) See Edge Benneb. 

Komb^ {Botany). The important drug ^Tito- 
PHANTHIN is obtained from the rifie seeds of 
Strophanthus homhe {Apoipnaeetr), wtich are used 
in Central Africa as an arrow poison. 

KoamiBB or Kumisa. An alcoholic beverage 
resulting from the fermentation of mare's milk, 
commonly used by many nomadic tribcjs in Asia, 
•especially by the Tartars. Sometimes used dicteti- 
cally in this country. 

Kp {Clicm.) The symbol for Kbypton (p.v.) 

Krio Sphinx (ArehHeet.) A carved figure having 
the IkkIv of a lion and the head of a ram. Si'e 
Bphinx and AsuBO Sphixx. 

Krokidolite {Min.) See (Jkocidolite. 

Krypton, Kr. {CVirm.) Atomic weight, 81'8. A 
-gas without chemical reaction. It has a monatomic 
molecule; acharactcrislic sjjccfnim ; boils at —loJ-"'" 
It occurs in the atmosphere to the extent of 1 jiart in ' 
7,00(1,000. It is obtained by fractional distillation of | 
liquid air. | 

Kandy's Experiment {Sound). If a fine powder { 
be i>lacod in a tui.e containing a gas in which i 
ST-tTlONABY Waves {y-e.) of sound arc being ! 
produced, the powder collect.® in heaps at the l.ooi’s ' 
iq.v .); from the position of these lieajis we cun [ 
determine with fair aocurafy the distance from ot\e . 
loop to the next, and hence the wave length (y.c) 
of the sound in the gas in the tube. From the. \ 
wave length we can calculate the velocity of sound j 
in the g.as. j 

Knpfernickel {Min.) Arsojide of nickel, NiAs. 
N'ickel = 4M, arsenic = .'j.l'O per cent. Ilexagomil. . 
but usually massive, with a coppery colour, wiiern c 
the name. It is uscit as an ore of nickel. From 
Oornwall, Linlitliguw.shire, Wigtonsliiro, Saxony, ' 
Bohemia, many places in Scandinavia, N. and S. . 
America. 


Label (^rcMteot.) 

- or FUe {Iter.) 

to distinguish the eldest 
his father. It con¬ 
sists of a bar with 
three points placed 
ac ross the paternal 
.shield, in chief. In 
the case of younger 
•sons tlie paternal 
shield is differ¬ 
enced bv the fol- 


See Hood Mould. 

A mark of cadency used 
son during the lifetitne of 



lowing additions; 


MonsBN Foaa. 


Ot,i> Fokm. 
the third son a 


the second son tises a crescent 
mullet; the fourth .son a m.'urtlct; the fifth son an 
annulet; the sixth son a ileur-de-lys; the seventh 
son a rose: tlie eighth son a cross nioline; the ninth 
son a double quatrefoil. In the ca.'ie of royalty the 
label is ctniiloyed by all sons, but the second and 
youngcT .•'ons bear the label differenoeth 


Labiata {liotnnij). The natural order Labiatee 
includes a large number of plants which arc valued 
for the e-'.-cntial oils they c'outain. A common and 
fairly t 3 ')iical examiile is the White Dr..-VD NbI'TLE 
(Lttmiiim alhiim). Among tlie jihints of this order 
are the L.\vi:xi)EK (c/.r.), Sweet Basil {Ocywnm 
bftidiri/iii). Mixt {Menlho), Matwoh.AM {Oriya/nnm), 
.MU ( Thymui.), llosUMAKY (Jlonmarhis oJ^eina-Ux), 
Balm {Melixen). IfoiiEHorxi) {MnrruM'um), Por/oa- 
ti inert Palfhiinli, which yields OlL OF PATCHOULI, 
and mail} others. 


Laboratory. Cl) A place in which experimental 
voik and nm-stigiition m iiutural science are carried 
on. (f) Aiiotl'.cr term for the “ hearth ” of a refer- 
b(;ratory Itirn.iec, La. the pari in which the effective 
wcik of the fmnuee i.s jicrtormed. 


Labradorite (jlfm.) A culcium nluminium sodium 
.siheaie; app'ioMinaie comjjosilion, silica 52‘Sl, 
aiumiua = limc--jli'h, so<lu =‘1-5 per cent. 
'J'lielinic. li is one of tlie felspar'.. Oiey, bnovn, 
green.sometimes colouilcss. It shows a fine 
pla.v of colour in certain directions, and is hut as 
an ornanicntal si one. It is of very wide distribution 
in iiasic \oicanic locks. 


XyaniBin^ (Buy., Build,.) Soaking timber in a ' 
solntion of corrosive sublimate, llgt'h, in order to ! 
preserve it. * I 

Kyanite {Min.) A silicate of alnminiura, | 
AljO,, SiOj. Silicac=37, alumina.- i'.;? ])er cent. Tii- | 
cliiiio, occurring in bladed crystals in metaii'ciqiliic j 
rocks. Pale bine to white. BanilVliitc, Alierdecn- 
shire, Purthahire, Shetland, Ireland, Switzerland, 
Tyrol, the United States, etc. 

Kylln {AH.) A mj^hical animal often depicted 
ton Cliinese and Japanese porcelain. Sometimes 
known as the Chinese Unicom. 


L {Phyg.) The symbol for Latent Heat (y.v.) 

La {Cbem.) The symbol for liANTHAxuM {q.r.) 

La, Lab {Mneic). The sol-fa name for A in the 
fixed Do system; and for the sixth degree of the 
jscalo (submediant) in the movable I>o system. 

Labaram {Archceol.) (1) The Boman impciial 
standard as altered by Constantine the Groat after 
bis conversion to Christianity, certain Christian 
symbols being incorporated on it. (2) A general 
term for a banner or standard 


Laburnum. Sec Woods. 

Lac {liotanu). A resinous exudation from the 
br.im he- of a mniibcr of trees such a.s Pieve indica 
and rehiji-isii (ordiT, Moraerce) ; Jhitra frowloaa 
(order, L>yumin,ixte)\ Croton lucei/erus (order, 
Eu/rhorhiurnej. It is caused by tlie punctures of a 
small insect (^f'cs.v«.‘f jiriix). See also SHELLAC. 

Laccolite {(fcoL) A term originally' applied to 
1 hos<- occurrences of inrrusiic rock.s in which the 
eruptiie rock di.splaces its ow n volume of the rock 
i iiixailcrl. and tlius, as it were, lifts the whole of the 
overlying conntiy rock on its back. One or two 
such insi atK;o.s luit c been .seen abioad; but most of 
the intrusive mas.scs to which this name has been 
applied are nothing mou; tlian sills occurriug in the 
usual manner, i.e. without any snch upward arching 
of the countiy rock above. J’he term may well be 
dispensed with. 

Lace Hand and Machine Made. *‘The earlier 
laces were jdain braids,” and wert; made by “vnroving 
the edges ol wt^ven material and plaiting or knotting 
tlic fringe so fonned” into a reticulated border. This 
w:t.s one of the earliest forms of ornamentation. Fur¬ 
ther developments were the introduction of a biaid 
with a toothed edge called Dentellb and GUTWOBK, 
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the latter a method of Smamentatiov, which was 
produced hy arranging a series of threads upon a 
frame and interlacing them by the aid of needle and 
thread, thus fomin" a net or ground upon which 
•various objects cut %it of woven material could be 
embroidered. Every draper’s shop window gives 
ample evidence of the survival—or revival in a 
modern form—of this art, by the display of a multi¬ 
plicity of articles, both for liome and personal adorn¬ 
ment, comiMJsed of fabrics of the most diverse 
character superimposed upon each otlier, e.g. a design, 
worked by the aid of the sewing machine, through 
two fabrics. Upon the superfluous material of the 
imposed fabric lieing cut away, effects arc evolved 
artistic, unique, or i)eculiar. A sjinihir effect to 
outwork was attained by the method known as 
UUAWNWOKK, produced by drawing a design upon 
woven fabric and then carel’ullv cutting certain 
threa<1s of both woft and wjirp at regular i)itervals in 
the interspace betweem the various objects of the 
design; the cut threads were then carefully drawn 
out, thus leaving reliculated openwork which could 
afterwards be more tiniily seeuwd by t)je fiid of the 
needle and to the fancy <if the worker. Those 
mothofls wi'm the fashionable employment for ladies 
of tlie jieriod about 1oS7. There are two descriptions 
of lace, “ point ” and •* pillow ” Ileal I'oiNT I.Acn is 
muido entiiely by the aid of the needle, nponapareh- 
ment pattern, each lof>p or stitch being so worked 
as to hold the ]'receding stitch in pi^rition. The 
Italians claim to have invented it, but tliey probably 
derivi'd the art of line ne'-d'.ework, of which laec is a 
development, from the Greeks. .Much prolicicncj' 
in tlie art littd been attained by and a great 

devehi]>nunt in by C’olhert’s esttiblishnicnt of 

the Pm.sTS OF KitAN'CK. The eliiof centres of inann- 
facturc were Veniee, Milan. Genoa, and Bnis.-.e]s. 
The nuns also wtsu: amongst the principal makers. 
Is'iiig very expert in the ))r<)diK'tion of tlu; eatretmly 
line tltixeu thread so es.'-outi.il to the making of hig'n 
eJas-' lace. It i.s in,,in!y <Aving to tiie fnieiie.-s of this 
thread tliat I>i;fssi;j.s l.Aei.' uj-r. > owes its beauty of 
aiqtearanee. rini-ow is made upon a parch- 

nioiit pattern, but quite a nimd'cr of tJircads enter 
into its e.ompusitiun, each thiead having a separate 
.source of supply called a bobbin; and, lieing similar 
in shape to an ordinary letid pencil, tliey can be 
twisteil or otbervvisu n.anipiil-it' d with ease. XJie 
parchment pattern being seemed to the jullow or 
eus’nion and the tlireads to i>ins, stuck .at snitabli'' 
intervals into the cushion, the wi.rkor’s liaiids are 
free to make the neee.-s.iry movements. There is a 
coinsiilerable quantity of “lace” that is de.signatcd 
SEMI-REAb l.Acj; produced by mod 'in metiiods. It 
is a composite article, macMni; made braids being 
utilised to form the mo-ic subsitiniial outline of the 
pattern, the “ lilliugs” being vviotvriit by the needle 
and also by adventitious aies. Very effective articles 
arc jiroduced, Luxfcuil Ix ing one of the principal 
sources of niarmfacturc. Most iaces take their name 
from tltc place vvhcic they were fir.st made, or that 
were notoil for the excollem-o of their production, 
and many laoes differ much more in name than in 
appearance. The chief e.\ception to this rule is 
GuiPUIlB, which take.s its naino from a made upcoiil 
composed of some inferior material, such as cotton 
wrapped round or platedwilha more valimblsarticle, 
e.y. gold thread or silk. This principle produces, not. 
only a thicker thrcatl, but a tliread of an entirely 
different appearance, and is used to form the raised 
pattern. Any lace therefore that contains raised 
outlines attained by this or similar methods may be 
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called “Guipure": tlms we find “Spaniifii Ghiipure," 
etc,, and also various’*' made up " names as" Guipure 
d’art.” The Germans claim the invention of p&ow 
lacc‘, and Barbaia Uttmann, of 6t. Annabei'ge, as ^he 
medium, about 15G0.—W. H, 

Lace Machine. Ignoring experiments, the first 
machine for producing lace net as a practical and 
commercial Success was invented by John Hoatheote, 
1S09-11; and though many mechanical imperfectiona 
have been eliminated and improvements developed, 
the fundamental principle remains the same in the 
modern machine of to-day. The object to be attained 
is to twist one scries of threads around a neighbour¬ 
ing and alternating serie.s. This is accomplished 
by dividing the threads that will eventually compose 
i!ie fabric into two systems, one called the ‘‘warp," 
where each thread has a common source of supply 
(the warp beam), and the other called tho “ bobbins,” 
which, though numerically the same, have eadh an 
independent source of supply. The continuity of 
tills latter system of threads is thus broken below 
receptacles called the “carriages," each of w:hich 
contains an independent bobbin. These carriages 
(with the bobbins they contain) are so attenuated, 
so slim, that the whole .system is able to pass simul¬ 
taneously between neighbouring warp threads, A 
slight Literal movement of the waip threads at 
rigiit angles to the plane of the carriages (to the 
right when the carriages swing in one. direction, and 
to the loft at the return inoveinont of the carriages) 
causes warp thread and iiobbin thread to twist, 
t ogethcr. A continuation of tbe-^c movements simply 
forms a senes of tvvLslcd pillars, composed of one 
bobbin and one warp tliread twisted together, and 
having no eouneetion with any neighbouring pair 
of threads; out if at certain regular intei^ls a more 
extended hiloral moveriient is communicated to the 
guide bars tlnit control the warp threads (say over 
two carriages instead of only one), then community 
is at oiiee established and a web of not begins to’ 
b.i formeiL the description of net being dependent 
upon the character of the movement communicated 
to tiio warp threads. It requires twm “motions” or 
m>)V ments of the cai- 
riages to form one 
citiuplete twist, and by 
reference to lig. 1 it 
will be readily under¬ 
stood tlint it lias taken 
six to and fro move¬ 
ments of the carriages 
to form the first three 
twists rcpicsenled in the 
upper portion of th 3 
draw ing; it will also be 
realised that so long as 
this limited timoimt of 
movement is continued, 
onl.v twisted pillars 
would be fiirmcd, as 
previously mentioned; 
but the seventh move¬ 
ment shows tlie warp 
thread as having been 
moved to the right 
behind two bobbin 
threads; the eighth 

movement, to the left over one bobbin; the nintii 
movement, to the riglit under one bobbin; the 
tenth movement, to the left over two bobbins; 
the eleventh movement, to the right under one 
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bobbin: the twelfth movement, to the left over 
. one bobbin, after which it is all repetition in the 
same order. Up to this point it has Ixjcn assumed 
that the bobbin thread is a straight line, as repre¬ 
sented in the drawing; and on paper this is perfcctly 
oorrect, but it must be remembered that the bobbiii 
threads form a system of threads to themselves, 
each thread from an independent source; and the 
'■ tension upon each thread is con trailed *by a flexible 
spring, that impinges ni.iott the bobbin: llicse 
springs are adjusted to give a uniform tension, as 
far as possible. Tlie warjt Ihrctuls (the other sys(('in) 
all come from a common source, and one controlling 
influence affects them collectively, Tliis coninflliug 
influence generally takes the form of a cord parsed 
aronud a collar on tlie end of the warp beam. To 
the end of this cord a weight or spring is atlaclted, 
though otiicr mechanical dcvicc.s art* umhI. It will 
be obvious that sbonld the wciglit or tcn.'iou upon 
the warp exceed that upon tlie b(>bbin>, the exact 
, reverse of wliat is represented in the drawing would 
f'^jccur— vis, the warp would pull straiglit and tlie 
bobbin would lie across. Xcitlicr of 1 lieso conditions 
would contribute to success in nt-t making; it is the 
happy medium tliat is required—ju.st sufficient tension 
upon the warp to cause hubhin aud warp to adaiit 
tjiem.selves to each otlier, as shown iu llio last three 
meshes represented, which deiiiei the foriu.'ition uf 
Mechlin Xut, also known as JI.\i.ixns and Tri.LE. 
There arc three de.scriptions of lv\i.st lacc maebincs, 
but one pruieiple oiitains in tboin all. Tltc princijile 
is that of a s^\iuging ]icnd\duin, all the maidiines 
being built to a certain diameter of circle, goncralh 
12 to l-l iu. It. is ii\ ilic lower h.-ilf of the circum¬ 
ference of this circle that the cairiages. pvopeily 
controlled, swing, like .so many pendulums, aud with 
similar rlnthin, at a sjieed of about 120 swings oi 
“motions* per minute. The ra.-icbinc invented by 
John Heatlicote is best ailapted for making plain 
net, cither Brussels or 1100111111. Owing to ditHcult ics 
originally encountered in procuring carriages of 
sufficient thinness lie found it nee.es.sary to place the 
carnages in tw'o rows or ticr.s one bcliind tl c otlier, 
and tliough the iirineijile was adopted in the first 
instance as an cxtrtuiiity, it was found .so otiieient 
for the making of traverse net that it has never been 
supcr.scdefl, an<l 
still obtains in 
the most 
modern rn a - 
chines. Fig. 2 
shows the prin¬ 
ciple, the car- 
riage.s being 
actuated upon 
the rolling 
locker method. 

Though t h e 
double tier 
principle has 
not been departed from for plain net machinery, 
tlie original idea of a single tier iiuveinne was never 
lost sight of, and in 1813 John l.evcr invenl.cd 
his single tier machine, where there ara as many 
carriages in one row as in two rows in the plain net 
machine, each carriage being iiroport.ionally thinner. 
Though in the first instance it was intended to make, 
and did make, plain net, it was soon found that its 
proper function was the making of fancy laces, nets, 
edgings, insertions, and millinery laces generally. 
Pig. 3,shows the essential principle of tiiis machine. 
■The roird machine in use, though the same in 


principle, is raally a development comprising some- 
of the features of both the above machines, advantage 
being taken of 
those tliat ivould 
best add to its 
capacity for 
making lace cur- 
tain.'', where 
speed and fticil- 
ities for pro¬ 
ducing bro.adth 
of design arc 
the qualities 
chiefl}' required. 

—\V. 11. 

Lachrymatory (Arriirt-nl.) Tlie name given to a 
small ^a^o or }>liial, generally elongaieil in form, 
found in .aiieient Homan tombs. The name iinplie.s 
th.at they wi're intended for holding tears, but it is 
more (irobabie tliat tlu'v were intended for other 
purposes. 

Lacing The union of the end.s of leather 

belting by means of thongs of leather i>a.«i.scd 
through pierced lioios. 

Lacing Cord (/.rtcc Manufac.') (’otton cord or 
hr.aid made npiiu the “doiry’’ or braiding machine, 
for laeing J.'i'-quaid.s togethei. 

Lacing Course (JimfJ.) A course of iirick.s bond¬ 
ing the lings or sucecs<i'’c couiscs of an arch. 

Lacing In (^Iiiii'7.') Parsing tlie ends of the bands 
f'r colds to whieh tiic l>ook is sewed through bolo.s 
made in t.iie boar-ls. When jiassed through, llu-y 
are hainmcred vvell int<> tlie boaois. thus attarhing 
the boards to tbc hook. iS'-v I’.AXD-S, Buabds, and 
KNOCKlNf.-I'OWN IJiO.V. 

Lac Insect (Xoi-1.') f'lwsas y!VM.v, belonging to the 
same tiibi- as the t 'm bineal iiisent (f/.rA ; ].vrforate.s 
the bark of tiojiical to-es, cau.siiig an exudation of 
lesin ( I.Ac). As Shki.l-IjAC the resin is iisf-d in 
making v;iinisho.s, se.ding wax, and laoqnor, 

Laemoid {f'/imn.) Probable constitution, 

N'4 

tU:0 

Piftddisli brow’n, shining, amorphous grains; soluble 
I in aleoliol. acet ic acid, .'ui<l le.ss soluble in ether and 
! in water; insoluble in clilorot'onn .and Iw-nzene. To 
' prepare it, resorcin fjitb grs.'), sodium nitrile (ogrs,), 

I anil water(5 c.c.jrin* srradually heated to 110"; when 
the reaction i.s f>\i r, Ihc heating i.scontinued at 115° 
to 120°; ammonia is given off, and the product 
beeome.s blue in colour; water is added, tlien 
hyiiroehloric acid till the blue colour is changed 
to red. The iirecipitate is filtered off and washed 
with a little water, and dried at 100°. In dilute 
solution in alc'oliol (‘2 gr. in 1(10 e.c.) it forms an 
important Ixduiatok (cy.r.); ae.ids tarn it red, 
alkali blue. Carbonic acid affects it, also nitrous 
acid, and .sulpharetted hydrog-en decolourises it. 
Salts of Die alkaline earths do not affect it. Laemoid 
paper can be used to titrate carbonates and 
sulpliides, also chromates (normal chromates turn 
it blue, free chromic acid red). 

Lacquer {Bnr.) It is by no mcansi easy to dis¬ 
tinguish between a lacquer and a varnish; in fact, 
the distinction is more conventional than real. A 
lacquer generally means a spirit varnish, and 
especially those in which shellac is the chief solid 
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ingredient. The solvent in a '* spirit varnish ” is not 
neoessaiily alcohol, bat the varnish niost dry by 
evaporation, and not by oxidation and resinifioation, 
as in the with the fatty varnishes. The solvents 
nsed in the manufacture of lacquers are spirits of 
wine, oil of turpentine, tar oil, petroleum, ether, and 
benzole, and i^ixtures of these. Like any other 
varnish, a lacquer may be coloured, aud any resin 
soluble in a volatile solvent may be employed in its 
preparation. Those most used are shellac, amber, 
copal, dammar, sandaraeh, colophonj’, asphaltum, 
indisrubl)er, and collodion. 


Laotalbtimln {CJtcm.) A constant constituent of 
all kinds of milk; but it is always present in small 
amount. It resembles in general serumalbnmin, but 
dififem from this in rotatory power, teuiyierature of 
coagulation, and in solubility, Kaid to have been 
orystalliscd. 


Lactams (C!u>m.) Compounds similar to the 
Lactones {q.v.% bttt havimr the ring closed hy an 
Imino grouj) (NH) in-steial of oxvgcii; e.g. 


CH.CH.it/II.CO is y-butvrolactam. 


They are formed by henting the y and 5 amino acids, 
aud on boiling with alkalis {t’.g. NaOH) they are 
converted to salts of the amino acid from whi<-li 
they are derived (compare I,aetones). Certain 
Ijact.iras exhibit Tautoinotism, eqj. Issitin—the lactam 
of isatinic aej.!. 

CO 

CO . coon 

c%n,< -» C„Il/ >CO 

NIL 

Isntmic Actd. N 11 


CO 


Isiitiu. 


>c.on 


Form. 

CO 


The form CjH,', C. OH is called tlic Lactim form. 


N 


Laoteals (j^nnlogy). The lymphatic vessels found 
in connection with the inte.stine. They contain a 
milky fluid ((.1iiyj,i>!), and are ■■oiicorned in the 
absorption of fats from the digu-sted food. 

Lactic Acid Oil,,. OIlOll. COOIl. (a-oxN- 

propionlo und). A syrupy liquid, soluble in water, 
alcoliol, and el her. It reitdily loses water on heating, 
forming an anhydride, 

CTI,(TIOHCOO. 

The latter on distillation yields a second anhydride 
called lactide. 


/CH, 
CC II 

\\)on 


CH,CH< 


COOC 

0 0 c 


a 


a crystalline solid. Heated with dilute sulphuric 
acid at lflO° it yields aldehyde and formic acid. It 
behaves at the same time as a secondary alcohol 
and as an acid, oxidation with potassium 


pennanganabe changes it to a ketonio adid—^pj^vib 
acid CjE^OOCOOH ; hydrobromic acid cbi^ea„.it th 
a-brompropionic acid; hydriodic acid to projwanlo 
acid; it forms two kinds of ethyl derivatives, vis, 

CH CHOCjHjCOOn CHjCHOHCOOGjH, 

Ai^hol Derivative. Aoid Derivative. 

It occurs in sour milk, in the gastric juice ih ^ 
dyspepsia, in sawerkraut, etc. It can be prepared 
synthetically from propionic acid by heating the 
latter with bromine at 130°, and boiling the product 
for a long time with much water— 

CH,On,COC)IJ -» ClljCllBrCOOH -» 

Froiuonic Acid. a-Brompropiotiio Acid. 

CIT3CHOH.COOH 

also from aldehyde by allowing this compound to 
stand with prussic acid and hydrochloric acid— 

/Oil 

CH,. Cs,^ CH,0<f“CN 

'H 

/ OH 

cn,c -cooH 
11 

In quantity it is preimred by inverting cane sng^r 
with tartaric acid, adding sour milk, putrid cheese, 
and zinc oxide. 'J’he proce.ss i.s one of fermentation, 
and the zinc oxide is added to remove the free laSbtic 
acid in the form of the zinc .salt, because the ferment 
ce.a.ses action if the acid is allowed to accumulate. The 
zinc salt isrecrystalli.'.cd, decomposed by sulphuretted 
hydrogen, filtered, coucimtrateii, and extracted with 
ether, 1-actic acid contains a .syminelric carbon 



atom, H — 0 — OH, and accor<lingly exists in three 

coon 

forms. The .synthetic acid, and that obtained by 
fermentation, are both optically inactive; this form 
can be resolved by making the strychnine salt and 
crystallising it, when tht> ise\o-salt separates first. 
Tiic doxtro acid occur." in the juice of muscle and 
in meat extracts such as J.iebig’s; it is called 
hAlUtOLACTU: ACID. 

Lactim (fV<cw.) .^V‘6' IjActams. 

Lactometer. An instrumeiiL for determinihg the 
specitie gravity oi milk. 

Lactones (_Chem.) Anhydrides of oxy-acids which 
have the oxy-group sei>aiatod from the acid group 
by two or three carbon atoms. Tlic former are 
called 7-lactonos and the latter 5-lactones; e.g. 
t'Hjtlll. CH,. CHj. t'OOH is called y-oxybutyric 
y “ 

aci<l, and it readily loses water and forms butyro- 
lactono Clij. OIL. OIL. CO, which i.s a y-lactone. 



The lactones are liquids or solids, soluble in water, 
alcohol, ether, which on treatment with alkalis 
{e.g. NaOII) give the sotlium salts of the corre¬ 
sponding acid. With halogen acids most of them 
yield the haloid acid, e.g. (JHjOlLCHgCO + HBr ss 

Xo/ 

OIljBrCHjCHjCOOH. The lactones are form^ from 
the halogen acids by distillation or boiling with 
water; h-om the corresponding ketonio cmids by 

22 
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Inaction; from dibasic acids by xedoction of the 
:i chloride otc anhydride. As lactones are only formed 
•by y- and 5<-oxy-acids, it i? clear that in the case of 
a sob.'tance of unknown constitution which either 
behaves like a lactone, or can be converted into a 
lactone, something can be inferred as to its con¬ 
stitution Thus camphoric acid forms an anhydride 
which yields a lactone on reduction: 

Camphoiic Aci<l Anhytlriclt). Ijictouo (Campholidc). 

So that in campholide we may infer a ring of four or 
five carbon atoms closed by oxj’gen, s.y.: 

-(!’-CHj 


—C— O 



Lactose or Hilk Sugar iChr.m.'), C,jlT, 30 i]. Forms 
white rhombic crystals containing' one moJccuJe 
water. Soluble in water; insohibh* in alcohol. Il.s 
solution is dextro-rotatory. Ijacto.se rcdnccs FehJinn's 
solution, al.so ammoniacal ^i!vc^; on gentle oxifla- 
tion it gives a moiiocarbo.xylic acid—factobionic 
acid; oxidised by nitric acid, it gives a dicarboxjlie 
acid—inucic acid ; it yields a characteristic osazone 
(«S 6 Os.\zoNEs); boiled with dilute Milplniric acid, 
it gives dextrose and galactose; it fonns an octo- 
acetate. These facts show that it is a hexahydric 
alcohol and al«oan aldehyile. It is much less sweet 
than cane sugar. Lactose* occurs in the milk of 
mammals: hura.an milk contains about o per eem. 
and e.ow*s milk :5*x per cent, on an average. L.n-iose 
is preiiared from milk by coagulating the proteid 
.{([addition of a little strong acid) ami evaporating the 
wliey to a syrup, when crude lactose will cryslallise 
out on stiinding in a cold place; it is recrystallised. 
It ({lan be obtained very -pure by dissolving in water 
.i^nd'precipitating it with absolute alcohol. 

Lacunar {Architect.) A sunk compartment or 
panel in a ceiling, etc. 


the sodium derivative with ethyl monochloraoctate, 
and boiling the product with baryta water: 


CH, 

GH, 

CH, 

<;o 

j 

GO 

CO -> 

1 

(.'IL 

1 

GHXa 

j 

CH; on,cooc,Hj 

j 

fOOCsHs 

1 

Gooc,n5 

COOCjHj 

Etbyl Acetoaaccinste. 


t’H, 

I 

CO 


t'lT.. CIT,. ('OOH 

Add. 

As a 7 -ketonic, acid, lasvnliuic acid has the reactions 
of a ketone ; thus on redui tion it yields («) with 
sodium amalgam 7 -oxyvaleiic aci<[ (.Va — .salt); (.J) 
with hydviodic acid it yields normal v.alevic acid. 
With liydrocyanic iicnl, liydroxylainine, and )>hcnyl- 
htdrazine it boliates like other kelones; the 
liiienylliydrarine derivative yieMs an indole deri¬ 
vative when healed with zinc elioridc: 

m 

C'H 

ilOOC. OIL. fTl, 111 
CII,.C:N.\n.( 

('ll 

ClI 

iiooc. ciL. r — (','^'^cii 

■ i' I 

Ml <-’H 

o->feibyliii<l"l<'. -fi-AvoMc Acid, 
j J’jSj convert.s heviilmic acid intri metlijIthiophene: 

I nc' = ( .('II, lit; - ('.cTi, 

i (MI ^ i 

i I 

11<‘-C.()JI Ik'-..'.on 



Ladder Rack {(^ivil I^ng.) See Mountain Raiij- 

•WAYtS 

Ladies (Jiidld.) Jbioilng slates measuring ](> in. 
by K in. 

Ladle (-l/e<.) An iron vessel, generally lined with 
fireclay, used for conveying molteli metal ficm the 
furnace to the moulds. Also an iron spoon used for 
holding molten lead or other n.ctal, c.g. for fixing 
iron railings, etc. 

Laevorotatory Compounds (f'/ieuM (Compounds 

which rotate tlie plane of polau-ati ui of a jilano 

E jlarised ray of light to the left. See I’OIjABISed 
ICtHT. If the sub.stan<-e i.s a solid, it is examined 
in solution in a suitable inactive solvqnt. Sr-e 
ASYMMETEtC CARBON ATOM. 

Lsvulinic Acid (Chem.) /i-a^'etopropionie acid, 
CI1,C0 . ClLpil^. OOOH. White solid, ory.stallising 
y d 

in scale.s; melts at S.'!®; decomposes on distillation 
;tt the ordinary pressure, but distils unchanged .'it 
144° under 12 ram. pre.ssiire ; very .soluble in watey, 
alcohol, and ether. It is obtained by boiling 
lasvnlosc, or any sugar wiiich yield.s hcvulo.se on 
hydrolysis, with dilute sulphuric acid. Synthetically 
it is^^pared from ethyl acetoacetate by acting on 


liintdiiiriK fftM.i of IIiihoAvjaulb^ltliiOplieDe. 
ulmic A'-itl 

IK' - K.rUj, 


[ KvtfiVKHOJl / 

; IK:--(^H 

I Moil'3 

i Leevulose, Fructose, er Fruit Sugar (Chem.'), 
' ('iLOlI. (t'Jl()ll),Ct).LHpII. A white crystalline 
I .solid (fine .silky needlo.s) ; melts at readily 

I .soiiiblo in water; sweet taste, a.s sweet as cane sugar. 

I It oiji'uns along with <lcxtrij.se in all ripe fruits, aiso 
1 in honey. It can be prepared by inverting cane 
sugar by a dilute acid (c.g. .sulphuric acid), cooling 
to 0 “ and adtling slaked lime; on sh.aking, the 
’ sparingly .soluble limt -oomjjound of laiviiloso 
.separates out, leaving the more soluble doxtiosc 
l omjiouud in solution. After filtering and pressing, 
the lime compound is deeoinpo.sed by suspending it 
in water ami jiassing carbon dioxide through the 
liquid, when the calcium is separated as carbonate 
and liovulose remains in solution. On cva]ioration 
the licvulo.se remains as a syrup which crystallises 
witli dilficnlty. Lsevulose isalso obtained pure from 
imiiin by liyilroly.sing the latter with water. It can 
be obtained from dextrose by convertingf the latter 
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into fcho osazone, hydrolysing the latter with strong 
hydrochloric acid, and reducing the product: 


CHj(OH 

1 -» 

CH,OH 

-> 

(GHOH), 

(CHOH). 

HCl 


i I 

CHO . 0:N.NH.C„H5 

IK'iN.NTT.CjHs 


CILOH 

ui ; JN . 11 . V (jJis 

Phcnylfslucosiizono. 

CH..01I 

1 

(riKiH), 

1 

* “» 1 * 

H ((HTOII), 

CO 

1 

1 

CO 

('ho 

j 

Olncosone. 

bicvnluiio. 


Hence Ifievuhjse can be synthesised. Str PEXTBOSJi 
and Os.VZONKS. Lievulo.se i.-j la-vorotatory; it.s 
dcxtrorolatory mndilication is known suid tlic 
racemic variety is the synthetic siiftiy a-acrose (xec 
J>KXTROSB). As an alcohol lievulose forms esters 
with acids or m id anhydrides, etc. ; c.;/. acciicaulij- 
dride and sodium acetate yielfl a pcnta-acelaf,(>, 
while benzoyl ehJoridc and caustic soila yield a 
pcutaljeuzoiile; with alc.oliols and gaseous hytlro- 
chloric acid it yields ethers; with metallic, oxide.s 
it yields compouniis of the same type a.s the 
incthoxidcs and ethoxidcs ; ‘c.y., ('|lJ,,0(53Ca(» i= 

i’,.Ti,j(Ca()lI)j<\.. As a ketone. alcolioJ* it yields 
on reduction the hexaliydiie alcohol mannitol, 
('IL011(CH0HXCIJ/>H; on oxidation it yields 
trioxvbutyric and glvcoilii; acids, tdl,011.ClIOll 
('lion .roOIT and (’11,011, f’OOIl: with hydrogen 
l^rotnide in presence of ether it yields a-brommctliyl- 
furfuraldchvde, 

('ir = (’H - ('lI^Kr 

i >♦> 

CIT ClI CHO 

\Vith hydrocyanic acid, hydroxylaminc, and jiheiiyl- 
hydrazino it beluuc- as a ketone. The ciruipoand 
■with hydrocyanic aind, 

AtU 

ClL0ri(('ilOll),. t’ofN' 

^(■ 11,011 

on hydrolysis and reduction wdth liydriodic acid 
yields methylnornialbut'i 1 aietic acid, 

I 

('ll, - C’ - II 

i 

(’OOH 

With excess of phcnylbydra'/ine Isewdosc yields the 
same pheiiylgluco.suzone as dextrose. Licvuiosc re- 
duot's Fehling's solution aiul anuuoniaeal silver, 
and fe.rmenta wilh yeast like dextrose, but lc>s 
readily. 

Lag {Weaving). A .strip of wood coiitainiiig pei- 
forations into which pt'^s arc iiiscrtcil, and whicli 
determine the heald shafts to be lifted or lowered. 

Lag and Lead {Jita’I. Jung.') If a varying electro¬ 
motive force fict in any eircuit, the curretit produced 
•will not in general be corajdchdy in step with the 
E.M.F. The maxiinnni value of the current may he 
attained cither before or after the ma.vimnna value 
of the E.M.F. Thus in the commonest case of a 
varying E.M.F,, that of an alternating current, a 
difference of phase is produced between the cuixent 
and the E.M.F. Let B be tlic resistance of the 


circuit, L its self-induction (;.«.), K its oapaoity^ 
and p = 2srn where n is the Iretiuency. j^hen the, 
angle of lag, tf>, is determined by the equauon 


tan <f >: = 



U 


If plj bo greater than the difference of phase 

is po.sitivc and the current lags behind tlie E.M.IF., 

while if — be greater than wL, the difference of < 

phase is negative, or there is a Lead in phase. If 

uTj = —there i.s neitlier lug nor lead, and the 

pK 

impwlance (q.v.') is equal to 11, and the current in 
the circuit follows Ohm’s Law. 


Lagen ( Archeeol.') A liquid measure at one time 
ill use in England, equal t(i about seven quarts. '■ 

Lagging {Bng.) (1) 'fhe process of covering a 
boiler, cylinder, etc., with some non-conducting 
material in order to prevent los.s of heat. (2) I’he 
inaierial itself which is used iii tliis process. (3) 

1 ’ieccs of wood, etc., used in covering or building up 
large cylintiriral objei'ts, e.g. wooden drum.s, patterns, 
tlie centring oil which arches are erected, etc. 

Lagging Back {Wearing). The openition of 
rcvei'Miig the jiattcru chain with the object .pf 
removing defective picks, etc. 

Lagging of Tides ( Astron.) At the time of neap 
tiiles tiiC iiiteival bo-tweeu the corresponding tides of 
Ml' cc.-sive flays is greater than the mean, and the 
tide is said to lag. 

Lagos Rubber. See Caoutchouc and Bubbeb. 

Lagre {(ila.ss Manvfar.) A sheet of glass placedv 
iijwii the fiattening stone to prevent scratching in 
the iijiinufacture of Sheet Glass. See Glass 
JI.V.S’UrAU'J'tHlE. 

Laid Paper. Writing paper showing the wire * 
maiic.s, sligiitly ribbed. Cf. Wove 1’ai>eb. 

Lakes (JJgiiug, Die,, etc.) The word lake has 
two meanings. For the dyer it means an insoluble 
' olour efjni pound formed on the fibre. It also means 
{a) a pigment coiisnsLing of an insoluble white .solid 
or *■ carrier” ilyed by some natural or artificial 
oigunio <]yc ; (&) a coloiiivd precipitate got by jire- 
ciiJibiliug .such flyos wit li metallic salts. We restrie.t 
ourselves to the e,on.sMkTatiou of lakes in the senses 
(//) and (^i). The exact nature of the lakes we are 
concerned with is not accurately known. It no doubt 
varies, .some of them probably being definite eliemif a] 
f ompoimfl.s, Olliers mixtures. The fact that acid dyc.s 
will Combine wit.h a metallic oxide as the latter is set 
free by an alkali (the ajijilication of which fact to lake 
making we shall soon see) would appear to favour 
the idea tliat at least the lakes of noiti dyes partake 
of the nature of .salts, and may tiierefore be definite 
eompounds. lAike pigments for arti.sts were, formerly 
made by dyers from waste lac dye liquors (cochineal), 
and this is the origin of the name. A puiple pigment 
was also prepared, s.ay.s I’liiiy, from the, scum of the 
baths in which 'J’yriau puiple was dyed. An enormous 
number of lakes is now manufactured, and we can 
only bore give some brief account of the principles 
of their formation, illustrated Viy a few examples. 
There are, then, two distinct methods of producing a 
lake. One is to mix a dye solution with one of a 
metallic salt, and then to precipitate the metal. 
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wherenpon a ipredp^tfition is formeci which entangles 
colouring matter and brings it down from solution 
in some way not well understood. If the metallic 
precipitate is white by itself, the colour of the lake 
may Be duo to the or^mic dye only; but the case is 
clearly different if the metallic compound has an 
independent colour of its own. The other metlioil 
is to use a carrier in the solid form, and to throw 
down the organic dye upon it with a suitable precipi¬ 
tant The chief Cabbibbs used are china-clay, 
baiytes, starch, gypsum, chalk, talc, red lead, and 
hydrate of alumina. Tlris last method i.s the one 
chiefly employed with the basic dyes, and in its 
application fhe choice of a carrier is of very great 
importance, as any given dye has a carrier wliich will 
give greater brilliancy of hue and greater covering 
power than any other insoluble substance. The old 
madder lakes were exc<;llent examples of the first 
method. Madder infusion was mixed with alum and 
precipitated with c.arbonate of s(jda. The lake was 
'then filtered oft and washed. Brazil wood lake is 
made in the same way, alum and tinsall being added 
to the decoction, and then jirecipitalcd with .«oda. 
Most moflern lakes are, however, made by the second 
process, or by a combination of tlie two, in wl icb 
the carrier is tlirf>wn down separately,and tiien alter 
washing is dyed with a .solution of the ilyc. An 
Altzabikb Lake can be pieptircd by dihsolving 
100 lb. of alizarine tU* por cent. }raslc^ in caustic 
soda, diluting largely, filtering if necc.ssary. and 
adding a solution of 50 Ib. of alum and ?{ lb. of 
chloride of calcium in 80 gallons of water. A 
coloured lime alumina lake i.s thrown down. The 
same lake can be prepare !, to give an instance of 
the combination above alluded to, by jireciiiitating 
sulphate of nluiniiiii to which a little chlorivle .'.f 
calcium has immediately before bi-en acldwl, with 
,carbonate of soda. Ttic prccipil.'tte, of aluminic 
hydrate, anti carbonate of lime is then dyed b> 
heating it uith alizarine paste inix(-d with liirkey 
red oil anti a little tannin. Wall Papeb I.akks 
are prepared from basic dyes by tin owing them down 
upon a catrier of blano fixti (precipitated barium ol' 
sulphate), as no other carrier gives a lake with equal 
body. For Basic Dyks in general, however, tl i- 
carrier most used is kaolin or i>circelaiti ckiy. In 
some ctmes tlie carrier becomes tlyed sufficiently w’ell 
by being merely stirred uji in tlie d;,c solution, but 
in most citses the action of a sepaiate precipitant 
of the dye is e.sscntial. Alum, cither al inn or 
reinforced with carbonate of sofla or laiinin. is 
used for the pnrpo.so, M.anj lakes arc made with 
tannin. A solution of aliim, or of any suitable 
metallic salt, i.s taken, the carrier is .stirred up in it 
with the dye .solution, and the whole is then preci])i- 
tated with a solution of tannin. For ba-ic grecoi 
dyes quercitron answers bettor than pure tannin, as 
it gives a lake of a better colour. The order of tlie 
operations may Ije varied. The carrier may be mixed 
first with the dye solution anti the tiiiinin, adding 
the metallic solution hist. In either case chalk or 
carbonate of sodji is used to complete the precipita¬ 
tion of the metal. These Taknin LAKfa have a bad 
reputation with oil i>ainters, as they are said to be non- 
ilrying, but they answer very well for wall papers and 
water colour painting. As an instance of the u.se of 
a COLOITBED (lABBiEB, the production of violet lakes 
by predpituting a red dye on to Pmssian blue may 
be mentioned. Azo Dyes are precipitated on a 
carrier with a salt of lead, calcium, or barium. Here 
the carrier may be used alone with the dye solution, 
or sodium alumiuate or carbonate may be also added 


before the precipitation. The carrier is usually 
blanc fixe in paper staining and heavy spar for 
paint. Eo8INe Batces are much prized for their 
bright colours, and some of them (vermilionottfes) 
are used as substitutes for vermilion. Lead salts are 
used as proci]ntants, and in some cases red lead is 
used a.s a carrier. One method of making the lake 
is to mix a ]Msta of hydrate of alumina with a 
'.solution of eosine, and then to add a solution of lead 
nitrate. Various other cosine lakes of differing 
shades are made by precipitating the dye on a carrier 
of porcelain clay or starch, by alum; or by using 
a carrier compound of a mixture of red load and 
gypsum ; or by precipitating withsalts of magnesium 
or zinc, l.akos must be well washed after making, 
till all that can dissolve Ini'S lieon, removed. They 
are sold in powih'r. in paste, .and also in blocks. 
There .seems lo bo hardly any limit to the possible 
numlxir of lakes, and their manufacture has become 
quite a fine art. 'J'heyare inocuiable in hundreds of 
dilTcrent colours and shadi's, profluoed by varying 
the dye, pn!ci])itant, and carrier, as well as tlie con- 
diiioiiH of teiiiponiture, degree of concentration of 
the solution, etc., ttndcr which the dye is separated 
out in tlic* solid form. 

Lakes (/tVc/.) Ijocal expanses of inland waters 
whicli me usually cau&etl by some special conditions 
in one ptirt of the channel of a .slreani.and are essen¬ 
tially quite temporary in ch;ir:tnter. 'J’hry are due to 
variou.'- causes, amongst whicli an- (1) the formation 
of a b.arrier of some kind, whicli forcc.s the water 
back; (2) a local snbsiilonce : (.'}) mechanical 

cio.'iou of part of the river lad, .such a-, is caused 
by gl.'icitil ,'iction ; ( !) tti the filling, liy water, of the 
crater> r-f recently extinct volcanoe''!. etc. 

Lalande's Cell ( /Ch-rf.} Scf Cnuns, PBiMAnY, 

Lamboys (Arhi.) A kind of st >el skirt reaching 
Iriiiu tlic wtii.st to the knee, .'ocl soim time.' forming a 
part of bi>dy tirmour of the Tudor j.oriod. 

Lambrequin or Mantling (Tfcr.) A small mantle 
.attached totin' hclrm-t. Ji is t.ften arranged so as 
to form a hackgioimd for the shield, and the whole 
forms the aeliicveii.eid. It ai>pcars jauged at the 
edges, as the iictind nuin'le worn hy knights in battle 
hci'ame iTiiich cid and to-n. 

Lamb’s Tongue (^Johtrnj). A flat ogee moulding 
n-ied 0)1 sa.slU'.s. 

Lame {Silk Mauv/af.) Sre Heddle. 

Lamina, j/l. Lamina. A thin layer or plate of 
metal, lock, tissue, lione, cte. 

Laminated Work {('arp. nud Join.') Curved 
ribs or other stnicnnes coustructed of thin boards 
nailoil together side by side. 

Lamination (^JCleot. Eiuj., eto.) Building up with 
flat st.rijw or plates. Cores of transformers (jq.v.) 
and many other inm parts of electrical machinery 
arc laininalcd in onh'r to prevenl the produidion of 
induced or Foucaui.t Cuukents (ff.r) in the metal. 
The planes of division arc arranged to lie parallel to 
the lines of magnetic force which run through the 
iron, and at right angles to the direction in w’hich 
any induced currents would tend to flow. By this 
meam the path of the magnetic lines is unbroken, 
while that of the Foucault currents is interrupted 
and the currents are thereby reduced to a minimum, 

- ((feol.) An arrangement of the structural 

planes of a mineral or a rock in such a manner 
that they form thin parallel plates 'or laminea. Thus 
nearly all coal presents typical examples of laminav 
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tioD, which is due to repeated alternations of thin 
sheets‘of cherry coal, cannel coal, and “mother of 
coal." 

Lamj^blaokt An impure form of carbon obtained 
by the incomplete combustion of substances such as 
turpentine, tar, fractions of petroleum not useful for 
other parpo8es,,all of which are ricli in carlion. The 
process may be imitated by lurhinir up the liame of 
An ordinary paraffin oil lamp till it “smokes” 
strongly—that is, till the air supply is insuflu.ient for 
the complete combustion of the oil. J.anipblack 
consists of about 80 per cent, carbon, the other 
20 per cent, being compo''ed of unchangi-cl substance 
ami* products of its cloeornpositioa by heat, in 
presence of the limited air su})p]y. Soot is the 
most familiar form, but its strong hrf>wn tinge is 
fatal to its use as a pigment. The brown colora¬ 
tion is due to other itrorluots of partial combustion, 
and for lampbUnck manufacture coinbnstiblos are 
chosen which give less of these intermodhite pro¬ 
ducts, Oils are generally employed, an<l the soot 
obtained is freed ftorn the brown siibsymccs by treat¬ 
ment with acids and canslic alkalies, till nothing 
but deep bhu'k pure carbon is left. Laiiijiblaok is 
the pigment of I’iuntkes’ Ixk and of ChinesJ3 or 
Indian Ink. 

Lampoon. A vii-nlont satire, in piose or poetry. 

Lancashire Boiler i^J'hig .) iS<r Boi i.kk.s. 

Lance (Arm»). A wcaiwn consisting of a wooden 
shaft, shapwl attlie juirt where it was held and ha%ing 
a pointed mct.al head. I'sed almf)st uni\c!-ally and 
in all ages, hot especially by knights in the. Middle 
Ages. Also a wc ipoii u.seil in l.he whale fishery for 
despatching the whale. 

Lance Rest (A/*»/.) Tn the ]ieriod when armour 
WAS worn the lance rc.si, eonsisietl of a bracket li.'ad 
to the right side of the breast j liate. The I.inee now 
hits a strap attached, thnmg'h.which the arm is passed. 

Lancet (A r('h \tect.') The name of one of the periods 
into wliich Sharpe <livid(‘d English (iotliic Aicliitee- 
ture. His divisnm is based on tlic furra of the 
window, and Lancet-shaped or acute pointed 
windows are characteristic of the lir.st i)art of the 
Early English iHjriod ; the dates given by Sliaifio 
being from 1190 to 1243 A.D. Ar/' CIukvilinisak and 
Eably EXOblSH. 

Lancet Arch {Build.) A pointed arch, having 
the radii of the segmenir.* longer than the .span. 

Lancewood. See Woods. 

Land and Sea Breezes {MeteoroK) Breezes blow¬ 
ing inland during the day and out to sea at night are 
■commonly found at the sea eoast in hot countries ; 
the former is termed a tlEA Bkeb/.e, the latter a 
Land Brwezb. T'hey arc commonly explained by 
the land being the hotter dining the day; eool air 
rushes from the sea l.o compensate for the rare¬ 
faction thus cuus(;d; at night, the land cools more 
quickly tlian the s<>a, anil an air eiim'ut in tlie 
reverse direction is thus caused. This explanation 
is, however, incomplete. 

Lander {Mining'). A man who empties a kibble 
as it comes up to the surface. 

Landing {Build.) A horizontal platform at which 
•a flight of stairs starts or fini.shes. 

Landing Bar {Lace- Matwfav.) A bar ))eciiiiar 
to Lever's machine, to which the catch bars are 
attached. The two combined hold, support, and at 
the Same time forward the carriages through their 
required movemmit. 


Landol^a {Betany). Climibiiig plants belongii^ 
to the Dicotyledon order AjMeynacea, mad natiyei' 
of Africa. They are the source of part of the rt^ber 
(“ African rubber”) of commerce. 

Landscape {Art.) A picture representing some 
view of natural inland scenery. 

Landslip (Oeol.) An accidental displacement o{ 
a mass of lock by which it has been transferred from 
the surface at one part to that of a fiart near. 
LandBlip.s are generally clue to the undermining 
action of water in weakening the suppoit wliich has 
previously kept an upper bed of rock in its place 
on a slope. A landslip may occur on a scale of 
almo.st any magnitude. 

Langsam {Maine). The German equivalent for 
Adagio {fj.v.) 

Langued {Jlor.) When the tongue of an animal 
or bird appears, it is “langued” ajid the tincture 
given when differing'from tliat of the beast. 

Langue de Boeuf (Arc/r«). A weaixm of the 
haUicrrl or partisan character, carried by bodyguards. 
T he broad blade was supposed to resemble the tongue 
of an ox, hence the name. 

Lanoline {Chem.) A pale yellow semi-solid; 
sep.aiatcs mtu water and an oil on warming. 'The 
oil i.s purified wool fat, and c'onsLsts of fatty acid 
esters of cliolesterine (y.r.) and of an isomeric 
componud called isochole.sierine. It is obtained 
from .-hecp’-s wool by wa.shing the wool, then pressing 
it while hot, and treating the fat with alkalis to 
remove acld.s; alkali is removed by washing with a 
dilute mineral acid. U.scd an an ointment. 

Lantern. See Optical Lasteks. 

Lantern Light {Carj/. and Join.) A glazed light 
fixed on II I) of a roof, and having sashes at the sides 
and ends as well as the top. 

Lantern Objective. An achromatic lens or 
cornbinai ion of linses, placed at tlie proper distance 
in front of the slide or other object to be exhibited 
on the screen; it is the part of the optieal system 
whicli actually produces iJic im.'ige on the screen. 
Tne objective of an ordinary lantern is supported by 
a tube projecting from the front of the lantern, and 
is provided with a rack and pinion V>y means of 
which it may be uo\o(l backwards and forwards in 
on lor to focus the picture. 

Lantern Pinion ' ( Clods). A pinion the leaves 
of which are cylindrical rod.s fitted betw'een two 
circular plate.s. Advantageously used in the going 
trains of turret clocks. Bee I’lNlON. 

Lanthanum, I.a {Chem.) Atomic weight, 138, A 
rare metal belonging to tlie same group of elements 
as aluminium. Its compounds resemble those of 
aluminium, and they li.ave similar formulae; unlike 
aluminium, it bums in hydrogen at 2)0®, and on 
heating it in nitnigeii it forms a nitride. It ocours 
in the rare earths Cerite, Gadolinite, Yttrocerite. 
Some chemists arc of opinion that lanthanum is not a 
single element. Lanthanum has a complex and 
characteristic sjiectrum. 

Laocoon (Seul/>.) The famou.s group in the 
Vatican reinescnf.iiig the Trojan priest Laocoon and 
liis two sons eivvolopeil by serifcnts. Regarded as 
a masterpiece of anatomic.al knowledge and realistic 
expression. The group was discovered in Rome 
about 1506, and is attributed to sculptors of the 
Rhodian school. 
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Lap (,SviliJ.') The distance that roof slates or 
tiles overlap the next course but one. 

■ ■ ■ C-Enff.') (1) The distance to which plates in 
a Lap Joint (q.v.) lie over each other. (2) A piece 
of soft metal or wood, coated with fine emery or 
some other powder, used in finishing off polished 
surfaces of hard metal. (3) The form given a 
slide valve in order to cut off the steam at a given 
point. See Slide Valve. 

- {Textile Manu/ac.) The fleece of wool a.s it 

is delivered from the condenser, or it may bo the 
narrow width of wool from the acribbl(>r or inter¬ 
mediate, conveyed to a subsequent machine by what 
is known as the Scotch Feed. 

Lap Dovetail {Joinery). The form of dovetail 
used in drawer fronts; the joint is invisible from the 
front, but can be seen on the board forming the side 
of the drawer. 

Lapis Lazuli {Min.) Skxlium and aluminium ort lio- 
silicate and sodium sulphide, Na/NaH 3 .Al)ALSi,t),.,. 
Cubic, but rarely in crystals; more often massiM'". 
Blue. It is used as an ornamental stone, and also 
constitutes, when y'owdered, the pigment ultramarine. 
From Siberia, Cliina, Hungary, etc. An artificial 
pigment, of nearly the same composition, has now 
rephiced the mineral aa a pigment. 

Lapithffi {Setiljp.) A mythical Thessalian race, 
represented on the mctoiies of tlie Tailhcnon f Bat tie 
of the Lapithsc and Centaurs). See Eloin MARiii,i;s. 

Lap Joint {Eng.) A joint between two plates, 
one of which lies over tlie other for a sliort distance ; 
the two are fixed together by rivets or bolts. 

Laplace’s Formula for the Velocity of Sound. 

See VELOCIXY OP .^OCND. 

Laplace’s Nebular Hypothesis {AetrMi.) An 
hypothesis which contcmls that tlic solar sj-'^'tom 
has been formed from a \ast glowing uia.‘'‘. of gas 
extending beyond the orbit of jseptune, which lias 
gr.adnally contracted, leaving behind ring.s, whieli 
have eventually formed the planets. 

Lapped Valve {Eng.) A slide valve with lap. 
See Klide Valve. 

Lappets {Cotton Weaving). A clieap methocl (jf 
ornamenting cloth by means of extra viarji or whip 
yarn. An imitation of embroidery. The mechanism 
is attached to the loom; (here are two forms, vk. 
the Scotch or Cam, and the IjANCAtSHUtE or 
Lattice. 

Lapping {Linen Manufae.) When the cloth is 
bleached and fini.shed, it is cut to lengl.bs and folded 
up in various uays to suit the market for which it is 
intended. This is called lapping. 

Lap Welding {Eng.) Joining two pieces of 
wrought iron or steel by laying t he end of one over 
the other and welding tljcm together; it is the most 
usual way of making a welded joint in the forge, 
and is also employed in making wrought iron tube 
which is welded at the seam. 

Lap Winding {Elect. Eng.) One of the methods 
of winding the armature of a dynamo in which all 
the windings lie on the outside of the core. Tiie 
elemen,t8 or loop.s are so arranged as to overlap one 
another. See WINDING OP Abmatubbs. 

Larch {Botany). The bark of the larch, Larix 
ewroptea (order, Coniferat), i.s used in tanning. Ske 
Woods and aUo Venice Tukpentinb. 


Largaraente^ {Mmlc), In a broad, di^tified 
manner. 

Largo {Muiic). See Notes. 

Larghetto {Muaic), A diminutive of Laigo^ 
somewhat broadly. 

Larj^o {Mnsic). Broad, dignified. 

Larrying {Build.) Bedding the inside bricks of 
a thick wall in thin mortar. 

Larva (Biol.) A term applied to the embryo of 
certain animals '-r. the oigiinism in certain of the 
eaily stages of it.s life, alter it is frewl from the 
ovum, but before it .attains its adult form, e.g. a 
caterpillar is the I.ARVA of an insect. 

Lash {Sili Manniac.) See COUPLING. 

Latch. A contiivanco for fostiuiing a door, etc.;, 
opuuofl either by hand or by means of a key. 

- {Arma). Another name for the Cbossbow 

(q.r.) 

Latching {Sun'eying). Set Diali.ing. 

Latent Heat (P/iyu.) The quantity of heat 
necessary to produei' a cliango in the physioai state 
of unit mas.s of a substance, witlrout producing auy 
change in tem[ierature, e.g. 63(1 calories are necessary 
to turn 1 gram of Ixiiling water into ste.am at 300° ; 
therefore 63(1 is the latent lieat for the phy'sical 
ch.aiige involved, i.5;. tlin vaporisation of water. 

Lateral Canal {Civil Eng) A canal running 
between tw-j jjoint-i in a river's coiir.se, to provide a 
j u:i\ ig,able i:}ianm l where the par: of the river it,»-elf 
I is unsuitable, owing to shoals, rapids, etc.; or to cut 
I off a long bend in the river. 

I Latex {Botany). The milky s.ap of laticiferou.s 
tissue ocenriing in certain natural orders. It is of 
eeoiiomic importance, as il contains gum resins, 
tannins, gums, etc. See aluo Kcubeb. 

Lath. See Laths. 

Lathe {Eng., etc.) A lathe is a machine primarily 
intended for the produetron of < ircular objects. The 
materuil to he sliapeii is euu.seil to levolvc about a 
given axis, and a tool i.s hi Id in a suit.able position so 
as to operate continuou.s'y on the work ss it revolves. 
The simplest form is Ifie Head Cextkr I.athe, 
in whifjh the tnarcrial is supported between two 
Centues or pointed pieces of metal fixed in suit¬ 
able supjiorh.. Ilotatory motion x.s coinmunieated 
ilirectly to tlio inateri.al by me.ans of .a eord or belt. 
In the primitive I’OI.E L.\TnE a eord is wrapjied 
round the work; the lower end i.s ait.ai:hed to a 
treadle, which is pressed down ])y the foot, camsing 
the work to revolve in the required direction, Ti o 
upper end is attached to one eiul of a long pole, 
wlio.so other end i.s fix(;d, so tliat the pole liends 
during the downstroke, and when tlie pressure of 
the foot is removed the pole straightens and rai.ses 
the Cord with the attached treadle. As the work 
iieee.ssarily r<>volve.s in the reverse direction during 
this upstroke, the tool is withdrawn until the next 
(low’n.stroke commences. Tin i primitive appliance is 
still in use in certain industries. The watchmaker's 
Tubn is a small dear! centre lathe, accurately coii- 
.structed of metal, and can he nsod for v'ery exact 
and delicate work. In the ordinary form of lathe 
ffig. 1) the rotatory motion is imjiarted to the work 
by a revolving spindle or Mandbel which is sup¬ 
ported by a conod bearing at B and an adjusting 
screw^ E in a fixed HhADSTOCK h, and driven by a 
belt passing over a Coned Pulley o keyed on to 



IiAT 


< 348 


LAT 


the mamlrei. The connection betw^n the work and 
the mandrel ia obtained by some form of Chuck 
screwed on at n, which may entirely anpport the 



material in certain cases, or may support one end, 
and at the same time imjjart a rotatory motion to it. 
In this case the other eml of the material is suirported 
by a pointed Ck.vtric k, earned l>y tLe Loosk Hkad- 
STOCK or I'OPi’BT llK.iD p. This .s]hU\s alonf;' the 
bed. but can l)e fixed in any piveii position by me.an.s 
of a bolt <t, win’ll u'-iiidly pa-ses ^e^ticnlly down¬ 
ward t'iroiigh the slot iictweeii the two cheeks or 
members ol the bed. The ccntri> is (hen pie.'-scd 
agfiinsl the work by nic:in.s of the .sliding eUinder 
K, witich sujjj'orts it; motion m eotemunieated to k 
by means of a s<Tew, on which is keyed the hand 
wheel ii. When the eeiitru B is serewe<l up so as to 
pri's.s sufliciently tigliiiy .airainst the woik, the .sliding 
cylinder K is ckimped in position by means of a 
sorew M. In hand turning the tool is .stcariied by 
resting in on a 'i' JIkst N ; this etm be fixed at any 
point (dong the bed by uieuu.s of a boit Q, and eun 
be raised .'ind lowered in its so-’lcct, and elarnpi'd at 
any desired heieht by tl.o set .senw' shown at o. 
The hed i.s ii.su.dly an iron casting whose cross 
section is of the lorni shown in 
fig. 2. A, A aie the two main 
members, or cheeks, united at 
the ends and stin'emsl at inter¬ 
mediate points by webs, one of 
which is shown at B. Tiie upper 
surface is made as truly ])lano as 
po‘5siblc, and provided witli two 
V^-.shnped edges. TliC popjiet and 
rests fit tliesc V edges, and are 
kept in place by them. In Foot Lathes the ]ndloy 
Ls driven by a belt running (wer a heav_v flywheel, 
which is carried on a eiatik shaft swppnried on 
bearing.« tixed to the stand.irds (or legs), and rotated 
by means of a treadle ; in I’owitH Lathes a 
countershaft (tf.r.) is usually fixed immodiatoly over 
the lathe, being driven by a bc'lt from the main 
shafting of the shop. In some modern workshops, 
however, each lathe is driven by an electric motor, 
which may Iks eonneeted directly to the headstock. 
Lfithes inteniled for heavy metal work are usually 
jirovided with Back 
Gkae ; this is shown in a 
diagrammatic form in 
fig.3. A, A i.s the mandrel; 
a pinion B is rigidly fixed 
to the coned pulley c, 
and the two can turn 
together loosely on the 
mandrel. A shaft D, D, 
parallel to the mandrel, 
carries a toothed wheel 
E and a second pinion F, 
both being keyed to the 


slraft, which can be moved parallel to itself so as to 
bring B and K into gear with each other or draw them 
apart. When B and a are in gear, the pinion F gears 
with a second toothed wheel Q, which is keyed to the 
mandrel. Thus the latter revolves at a rate much less 
than that of the pulley when the gear is in action. 
When, however, a high speed is required, the shaft 
D ia drawn back by mechanism provided for the pur¬ 
pose, and the toothed wheel o is locked to the pulley 
c, so that the mandrel then revolves at the same 
rate as the coned pulley c. Metal turning tools are 
rarely held in the Land, except in the very lightest 
work, but are supported in a BlidB Eest, which is 
attaclicd to the bed of the lathe; by tliis means the 
tool is rigidly held, but can be given a linear motion, 
parallel to the axis of the bed, and a second linear 
mol ion at rigljt anglas. Slide Best. In Screw 

Cutting Lathes the slide re.st can be moved along 
the bod by means of a long square threaded screw 
parallel to the bed. This screw is caused to rotate 
by means of a train of wiieels connected to the 
mandrel, so lhat the slide rest, and therefore the 
tool, move a given distance during each rotation of 
the work. T'his distance depends upon the relative 
velocities of the mandrel and leading screw, and 
therefore up<m the number of teeth in the gear 
wheels by which the two are connected. A set of 
gear wheels, or Change Wheels, as they are 
termed, forms part of a screw c.utting lathe, and 
by choosing suitable combinations of these, prac¬ 
tically every Ihreiid required in ordinary work cun 
be cut. In Self Acting I.athes motion can bo 
communicated to the slide rest by means of a shaft, 
termed a Back Shaft, running along the back of 
the bed ; this is so connected as to give cither a 
motion i 'rallel to the axis of the bed for SLIDING 
(/y.c.), or a motion at right angles to this direction 
for SUBFACixG iq.v.') The size of a lathe is usually 
denoted by the radius of the largest piece of work 
which it will take in : thus a 5 in. lathe is one 
in which a <‘ylindei of 5 in. radius (K) in. diamoter) 
can be lurm*d. Tlie Iciigih of the bed bears no 
necessary ratio to this radius; but in many lathes 
the bed is ten to twelve times the height of the 
centres, e.ff. a 6 in. lathe usually has a bed 4 ft. 
or 5 ft. long. In lathes for special purposes the 
length of the bed nnay be different. If a lathe be 
only intended for turning short objects of large 
diameter (e.y. wheels), the bed may be greatly re¬ 
duced or be separate d altogether from the hcad.stock, 
pud become a mere support for the slide rest, the 
poppet head being di.spensed with altogether. Such 
a latlie is termcxl a Break Lathe. Very large 
break lathes arc now coiistructe<l for turning fly- 
wlieels, the armatures of Ijirge dynamos, and similar 
objects up to 40 ft. in diameter. A small lathe is 
often provided with a Gap in the bed (fig' 4). This 
allow.s a wheel, etc., of 
considerably larger dia¬ 
meter than the ordinary 
work to be accoui- 
niodated in the latlie. 

When the gap is not 
required, it can be 
filled up by a Gap JTeoe 
or Bridge, which is a 
casting similar in cros.s section to the bed itself. 
Lathes for ornamental turning and certain other 
cla.ssos of work are often provided with ^ Over¬ 
head Motion. This consists of a shaft fixed abovo 
the lathe and parallel to the l>ed, and from it milling 
cutters or drilling appliances held in the slide rest 
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CMH i)e driven. It is distinct from 1ihe*’oonntershaft 
of a power lathe, being frequently driven from the 
flywheel of the lathe itself, and being further pro¬ 
vided with some device for “ taking up the alack ” or 
tightening the belt by which the revolving tool is 
actuated, in order that the latter may be moved along 
the bed of the lathe while in rotation. 

Lathe (Silk JUamifae.) See Batten. 

Lathe Bed (-&’«'/ ) The horizontal structure carry¬ 
ing the hcadstooks, slide rest, etc. It may be a 
single bar of metal (Bau Lathk) or two imrallcl 
bars of hard wood, or a somcwliat fomplioatcd 
Iron casting with a carefully planed upper surface 
whose edges are made exactly parallel, in order that 
the slide rest and back centre may be moved in an 
accurately straight path. 

Lathe Standards The legs or frames which 

support the bed of the lathe. 

Lathe (^Carp., I’tr.) Thin strifis of wotal, used 
for various purpose.-, hut e.-jiecially as a .su[)porT. for 
plaster; they are fixed so that a space iuioivenes 
between each lath ami the one alougsitle. TliC 
plaster is forced into these spaces, thus forming a 
Kev, by means of w hieli n is held in ijlaoe. 

Latitude and Longitude, Celestial (^Aetiwi.) The 
angular distan(3e of a srar from tlie ecliptic; it is 
measnrod along a great circle wdiich is .at right 
angles to tJie ecliptic. The singular di.stauce of this 
great circle from the Fir-t. I’oint of Aries is termed 
the celestial longitude of the star. 

- Terrestrial. Th.c Latitude of a point is its 

angular distance from the equator, measured along 
a meridian (y.r.) The longitude of a p dnt on 
the earth is the angular distance between a meridian 
through the point and a fixed me»i<lian termed the 
prime meridian. Tiie meridian passing through 
Greenwich is tlie one almost universaliy used as 
the prime meridian. 

Latitude, Libration in (Astron .) See Libbatjon. 

Latten (Met.) A metal re.sembling brass in 
apijeaiance, formerly ii-ed extensively for making 
monumental brasses. Scr uttdfT Brasses, Monu-, 
UENTAU 

Lattice Girder (Eng.) A built up girder, in which 
the central portion or Web (i/.r,-.) is rejilnced by a 
series of diagontil bars forming a crossed or lattice 
work structure. 

Landannm (Clum.) A solution jirepared from 
opiitm by treatment, with equal parts of 90 per ceqi,. 
alcohol and water, and then diluted s-o as to con¬ 
tain threequarter.s of one per cent, of the alkaloid 
morphine (q.v.) 

Lan^hiilitf Gaa (Chem.) A common name for 
nitrous ojddo. See Nitbogex Oxides. 


Lauth’e TioM ( Chew..') Thlonihe— 
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Black crystals with green colour when seen by 
reflected light; soluble in alcohol with violet colour. 
It is a base, and forms salts with acids, e.g, the 
hyilrochloride—a green crystalline solid sparingly 
soluble in <!old w'ater, giving a violet solution. It is 
obtained by tixidising a solution of paraphenylene 
diamine with ferric chloride in presence of sul¬ 
phuretted hydrogen; also by oxidising its leuoobase 
(nee Lr.uco COMPOUNDS) with ferric chloride. 

Lava ((tCiiI.) TTie product arising from the 
cfioling of what was originally a fluid mass which 
ha.s risen, while at a high tempenifure, to the surface 
of a volcano and has llnwod theneu down its sl'ijies. 
•Some lavas cool very quickly, and thus do not flow far 
from the vent, while others remain fluid much longer, 
•and may How to distances of as much as fifty miles 
before coming Cjiiite to a standstill. 


Lavatories in Workshops (Hygirne). Bco. 7u, 
Factory and Worksno]) Act, It'd], requires that “in 
exoiy factory or workshop whi-rc lead, arsenic, or 
any other poisonous substance is used, suitable 
washing conveniences intist he provided for the use 
ol the persons eniployed in any' department where 
such substances are used," 


Lavender. The lavender bclotigs to the natural 
order Litbmtie (g.v.) The most, important plant is 
Lnvandulu whieli is largely cultivated at 

Mitcham, tlariterbury, Araptldll, and Hitchin. The 
tliiW'crs when distilled give true On. OJ’ f.AVENDKK, 
which is cxtcn.dvely used in perfumery and in 
medicine. It is remarkable that the best oil is 
proeur.dile from Kngb-Ii lavender only, thtmgli 
some maintain the supiriority of the French oil; 
Vint .a compaiison lierwet-n the market prices will at 
once show the relative c-timatii n ie. wliic.h English 
and other oils are held. SPIKE J ■AVKX'DF.Ris Lovan- 
dula epioa, which yields an essential nil on distilla¬ 
tion. The odour <if the oil i.v far less esteemed tlian 
that of the oil from L. r. -^a, and resembles that of a 
mixture of the latter .lit with rosemary oil. It is 
u.st-d to some extent in a('.ip and other perfumery, 
liut not in medicine. The tine ravendcr oil. which 
is much dearer, is sometimes arlultcratcd w'ith 
sj'ikc oil. 

Law. A Law in science is a statement, of the 
results vhich follow from the ojjeration of certain 
specific natural causes. A law may bo deduced accu¬ 
rately from experiment or calculation, or may •be 
inferred frvim obseivtilions of a sequence of events 
not <;omijletely uniler-stood. 

Law Calf ( Tihid.) Tlie calf skin used for binding 
law books is genei ally undyed, i.e. white. Law calf 
is therefore white calf. 


Lanmontlte (Min.) Hydrons silicate of aluminium 
and lime, AIjO,. ShiOj -f CaO. SiOj + 4JIjO, Mono- 
symmetric. It is one of the Zeolites (q.v.), and 
occurs in*veins in volcanic rocks as a result of the 
decomposition of some of their constituent minerals 
by percolating water. Colour, white to yellow. On 
exposure it effloresces, Dumbartonshire, Fifeshire, 
Benfrew, Ireland, etc. 

Laonder (Mining), A trough in which water is 
led from place to place, for washing ore, working 
waterwheels, etc. 


Lawn. A ligVit, plain texture linen fabric some¬ 
what like cambric, )mt more ojam, anti havinga more 
gauzy appearance. It is used for dresses, hand¬ 
kerchiefs, etc. 

Law of Constant Heat Sammation ((Mem.) An 
application of a general law, which holds for all kinds 
of energy, to the thermal changes occurring daring 
chemical reactions. This law, stated liy Hess in 
1S40, is as follows; Let A be the amount of energy 
in any units possessed by a system before it under¬ 
goes a given change, and B the amount of enei^gy 
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in terns of the same units, possessei^by the system 
after the change; then (A—B) is the same in what¬ 
ever way the system passed from its initial to its 
final state. This law is applied in thermal chemistry 
to find the beat of formation of substances when 
it cannot be done directly from the elements them¬ 
selves—that is to say, in the great majority of cases. 
Example; Formic acid contains the elements ctirbon, 
hydrogen, and oxygen; but it cannot be m.a(le by the 
direct nnion of the three. To find its heat of fowna- 
tion thejprocedure is os follows; The formula of the 
acid is CIl., 02 : so a weight of the acid equal to its 
formula wefgbt (12 + 2 + i}2=4(i grs.) may be bumeri in 
oxygen to carbon dioxide and wat er and the heat given 
out during the combustion mo.asure<l. The result of 
this process is that 44grs.o£ caihon dioxiiloand IH grs. 
of water are obtained, and wIjcu tliosu liave cooled 
to a certain temperature the heat given out is 

65.900 calories. Fow 12 grs. of cfubon are burned 
to carbon dioxide, and the same leiijoerature bfiing 
reached, this process gives 0G,9tiO caloiies. Finally 
2 grs. of hydrogen are. burned to water, and this 
gives ()S,300 calories. The initial system is 12 grs. 
of carlxm, 2 grs. of hyrirogen, and .‘t2 grs. of oxygon ; 
the final sy.stcm is 44 grs. of earhon dioxjdo and 
l^t grs. of water. In the first oa-e fiie final system 
was reacherl in two stage.s. riz. : (J) Tlic initial 
system was comerted to forn.io acid by some 
process we need not consider and iie.olviug an nn- 
knowu number of eaiories x. (2) The formic aoid 
was burned to give tire final system in\olving the 
production of 65,900 ctilories. in Die second ease 
the final system was reached by burning tho carbon 
aiul hydrogen to givo the same final sT.-tenias hef ir 
and in this case the number of calories evolved i.s 
(90,9()0+(jh.iifiO). Jty the, law the ealories invohaal 
in each etisu is the sairie. 'J'hciefnre x + (‘.5,900 = 

96.900 + G.S..100 /. X -- 99,l2(t ealories. 

Law of Constant or Definite Proportions ( Chfm.') 
See Laws of Cnr..uu'.\n t o-Mm-sATioN. 

Law of Multiple Proportion {Ckem.) Sit Laws 
OF Chemical C'omiun xtiox. 

Law of Reciprocal Proportion {Ckem.) See 
Laws of C'in;.Mic.\].. CoMuiN-mox, 

Laws of Chemical Combination {Chem.') (1) Law 
OF Definitk oh Con-stant I’ltoroiiTioss: This 
law states (hat in agi\en com]iound the elements arc 
united in pruporiions which are fixed and invariable. 
Tho truth of this law has been a^s.aletl by more than 
one famous chomi.'^t—for example, by Bert iiollot 
(1799) and by Maiicnac (ISfiOp On account nf the 
doubts raised by llarigntie as to the strict validity 
of tile law, Stas underUi.ik two rc'.earchcs— riz, («) 
on the constancy of tlie eomposition of so-ealled 
stable compounds; and (5) on the invariability of 
the proportions by weight of tlie elements which go 
to form a chemical compound. In the first of 
these be showed that the ratio between ammonium 
chlori«le and silver is expre.s.-.ed by a constant wliat- 
evor may bo the nu’thod of formation of the am¬ 
monium chloride and of tiie silver chloride; in the 
second reseandr ho s'.iowed that in silver c.hiorate, 
bromate, andiodate the ratio of silver to o.xygen was 
always constant. (2) Law op llncintocAi. J'ro- 
POBTIONS: If one substance, A, unite willr each of 
the substances B, C, l), etc., tlien if b, c, I), etc., 
unite with each other, they will do so in the same 
proportions as they united with A, or in some simple 
multiple or subroultiple of these proportions. This 
law was discovered in lt92. It follows at onco from 


Dalton’s Atomic Theory, so that its statement aft the 
present time as a Law of Chemical Confbinat^ is 
mainly of historical interest. (3> LAW OP, lppfl»- 
TlFLE Pbofobtions: When one element unites 
with another in more than one proportion, the« 
pro{x>rtiuns stand in a simple ratio to each other; 
Dalton discovered this law about 1802, but it was 
formally announced by bis friend Thomson in 1804> 
The compounds which led Dalton to formulate his 
important generalisation were few in number. 
He showed that nitric oxide combines with half 
its own volume of o.xygen, and with doable this 
volume, to form two other compounds; that a 
given weight of carbon combines with oxygon in 
two different proportions, one double the other; 
tliat carbon conibines with hydrogen in two 
different proporl.i<>ns, one double the other. Ac¬ 
cording to IJoacoe and Harden, Dalton had con- 
ceiNod the Atomic Theory first, and deduced this 
law as a neces.sary consequence of it. (4) Law of 
( iASKous Combination (Gay Lussao’s Law) ; 
When gmses combine together they do so in volumes 
whicii stand in a simple ratio to each other and to 
that of tho product of their combination. Example: 
Chlorine and hydrogen unite to form hydrogen 
chloride, and we have: vol, of chlorine; voL of 
hydrogi.'n ;* vol. of hy<lr<>gen chloride = 1:1:2, 
This law was published by Gay Lussac in 1808. 

liK-Jl {PUiKteriug). (Slec I'EICKING UP, 

- {Silk Manefac.) See BATTEN. 

- {Tiijiog.) Tho order in which type is arranged 

in the cii'-cs. The emrect placing of the forme on the 
machine for printing. 

Lay Cordb (Biml.') Pieces of cord forming loops 
on l iie cio-sbiir of the sewing pres,s. In sewing the 
sections of a bof)k together, one end of each band is 
attaclicd to a lay cord, wliich holds it in position. 
See Bands, Key (A'i/tdi), and Sewing Pbess under 
Bookbinding. 

Layers er Lay Away Pits {Leatk^ Manv/aa.) 
The ]fits in which hides an' laid fiat in tan liquor 
w itl) a. layer of ground tanning material separating 
(«acli hide. Sole leather is often laid away in this 
m:inne,r for six to ten months. See alxo LeAthEB 
Manufacture. 

Lay Figure (.■Irt). A jointed wooden model of 
the iiumaii figure. The joints being artienlatod, the 
limbs may be made toas.-Nume various positions. Used 
by arti.-.ts fur arranging draperies, posing, etc. 

Laying Down Board {Foundry). See Bottom 
Boaud. 

Laying Oat {Eng.) The marking of materials, 
etc., for a piece of w ork to the full size. The term 
i.s api>lied .specially to the marking of slicct metal for 
boiler making, coppersmiths’ work, etc. 

Laying Press {Eind.) See Lying Press. 

Laying Trowel {Plast.) A tool.resembling a 
Float {y.r.), having a rectangular steel blade with 
a handle fix(‘d to the back and p-arallel to th^ blade. 
Used for laying plaster on walls and ceilings. 

Lay Light {Build.) A horizontal window placed 
in a Ceiling to light a room below. 

Lay Marks {Print.) The marks or stops used as 
guides for laying the sheet in printing. 

Lay Panel {Carp, and Jinn.) A panel with the 
grain running horizontally. 
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Lay Shaft The sha£€ used in ^ engines 

to transmit motion from the main shaft of the engine 
to the valve gear. 

Lea (Cotton Manufao.’) A seventh part of a 
hank, i.e. 120 j^ards, sometimes termed a Wbap. 

- (Linen Manvfae.') The same as “cut.” It 

consists of 120 threads 90 in. long, or SOO yards 
of yam. 

Leaching or Leeching, aho edited Lecking and 

Letohing (Leather Mamifac.') The process of ex¬ 
tracting the tannin from harks or other tanning 
materials. The ground materials are put into largo 
pits or vats called Lkacubs, and coveretl with water. 
After standing the requisite time the liquor is run 
off. The process (leeching) is repeated until the 
tannin is all extracted. 

Lead, Vh.(Chem.') Atomic weight, 206"9. A silvery 
white metal, when chemically pure, wliich quickly 
tarnishes in the air, owing to slight superficial oxida¬ 
tion. Melts at 927“; specific gravity, 11’3415, or 
when pressed, 11-347. It is very soft, so that it 
marks paper, and can be made into wire and piping 
by pressure. Heated in air it forms the mimoxidc, 
then on long-continued careful heating red lead. 
Quite pure water has no action on lc.ad, but if tlic 
water contains dissolved oxygen the sparingly soluble 
basic lead hjalroxide is produced mid some hydrogen 
peroxide is formed: hence a very pure natvral water 
cannot be passed ihniugh lead pipes if it is to be 
used for drinking purposes, the Icail dissolved being 
sufiicient to cause lea<l poisoning. This action of 
water on lead is facilitated by the presence of 
nitrates, especially ammonium nitrate; but the 
action is retarded and finally prevented by car¬ 
bonates, sulphates, and phosiihatt's, the p’pe being 
coated by lead carbonate, etc., which arc insoluble ' 
in water. Dilute hydrochloric acid only attacks lead 
in presence of air, and then slightly; but the boiling 
strong acid forms lead chloride and hydrogen. Hot 
and concentrated sulphunc acid dissolves lead owing 
to the formation of a soluble acid sulphate. Concen¬ 
trated nitric acid does not dis.solve lead, probably 
because of the formation of a minute film of nitrate 
on the metal, and the nitrate, being iu.solublc in 
nitric acid, stops further action; warm dilute nitric 
acid dissolves lead rearlily. Lead is precipitated from 
solutions of its salts, e.g. from the acetate, by zinc; 
in this ease the metal is tleposited in a treelike form, 
termed the Lead Tbee. Pure lead can be obtained I y 
distilling ordinary lead in the vacuum produced Viy a 
good mercury pump in porcelain tubes, and tl ic process 
can be watched by the Eiintgen rays, which are 
transmitted by porcelain but not by lead vapour. 
Lead occurs naturally as sulphide (chief ore), car¬ 
bonate, sulphate, chromate, and basic chloride; 
these compounds are called resiiectively Oalionw, 
Cebussite, Anglesite, Cbocoisitb, Matlockite 
(PbOPbCL.), and Mkxdipite (21‘bO. PbCI,). Also of 
interest arc two naturally ocfurring compounds of lead 
chloride, one with lead phosphate, Pyeomobphitb, 
PbClj. ai’b^i’Q^),; and another with lead arsenate, 
Mimetite or Mimbtbhitb, PbClj..3Ph,(Ast\)j,, 
which are psendo-Lsomorphous with Apatite (q.v.) 
Several methods are in use for the extraction of lead 
from its ores. The following is a brief outline of one 
of these: The ore is picked by hand, crushed, and 
washed to remove lighter earthy impurities: it is now 
spread evenly over the hearth of a reverberatory 
furnace, in which it is heated to a low temperature 
while a current of air passes over it. In this opera¬ 
tion some lead is obtained and drawn off, but the 


chief result is nxidation of a part of the sulphide to- 
oxide and sulj^ate, and escajie of sulphur dioxide- 
The temperature of the furnace is now raised, and 
some quicklime added to the charge to give it a con- 
.sistency more favourable to the separation of more 
lead. This operation is twice rejoeated, tho lime in 
these stages decomposing any lead silicate which 
may have formed, and the lead being produced by 
the mutual action of tlie lead sulphide, oxide, and 
sulphate: PbS + 2PbO = fiTb + SO, 

PbS + PbSO, = 2rb + 2SO- 
Thc residue, called slug, still contaius lead, and is 
treated for the rei'overy of its lead in small blast 
furnaces in which it is heated to a much higher tem¬ 
perature and with the addition of oukc; this lead is 
not so pure as that from the reverberatory furnace, 
and has to be refined by melting it at as low a 
temperature as possible, so that only the lead melts 
and the impurities float on tlie top and arc removed, 
while any impurities which dissolve in the load 
are removed by oxidation. Uaicna usually contains 
•silver, and this metal passes into the lead in the 
process of extraction of lead. Silver was formerly 
removed by Pattinson's I’nocESS. In this process 
lead containing silver is melted and allowed to cool, 
with stirring, until solidification Ix-gius ; tlie solution 
of silver in k-ad, when it begins to solidify, first 
•sejiar.ates lc.ad containing Utile silver, whiie tin’ lead 
rich in siher remains liquid. TTio poor lead is 
jilaccd in one vessel, tlie rich lead in another, and 
the process is rc)>e!ited on a fresh ch.arge. The 
jiiooe.’is is repeated on the poor lead and on tho 
rich lead until products coiilaiiiing rcspei-tively half 
an ounce to the ton and ."lOt* iiunces to the ton arc 
obtained ; tho former is tlnn soUhas load, the latter 
Irc-ated for its silver by cu(icll:itiou (y.t'.) Lead is 
' now desilveri.sed by ilie I’AitHEs’ I’liOiujss, in which 
the argentiferous k-ad is molit-d and a proportion of 
zinc, tlcpcnding on th«* amount of silver in tlie lead, 
is added to it. Silver is far more soluble in zinc than 
in lead ; also when molten, ziii<- is nearly immiscible 
with lead, hence Parkc.s' prot-ess may be compared 
to extracting a suiistaiice from wafer by shaking it. 
with a solvent which is immiscible with water and 
which di.-'sohes the bub-tance much better than 
viater. When the molten mixture of the three 
metals has been well agitated by blowing dry 
steam through it, it is allowed to cool; the zinc 
floats on top with the silver dissolved in it, and is 
removed on solidification. Tho lead retains a little 
zinc, and has to be refined as described above. Tlie 
silver is obtained free from zinc by distilling the 
argentiferous zinc when the latterpasses over. Lead 
is ii.se(l in making gas and water jiipes, in roofing, 
in the constniction of snljihuric acid chambers, in 
accumulators, in shot making, and it enters into the 
composition of some imjKirtant alloys, such as typo 
metal, pewter, solder, and fusible metal. Kadio- 
ACTiVH Lead: Lead coinjxmmls obtained frompLtcli- 
lilcndc and other minerals containing uranium and 
thorium are strongly radio-active. According to 
Hofmann this activity is duo to a primary active 
component, which is not uranium, thorium, radium, 
etc. Its activity can be dimini.shed, e.g. by adding 
bismuth nitrate, evaporating with hydrochloric acid, 
allowing to stand fouitcen days, extracting with hot 
water, ^tcring, and jirecipitating tho filtrate with 
sulphuretlefl hydrogen. The sulphide so obtained 
shows feeble a-radiation and no /3-radiation; but in 
three to four weeks it jegains its original activity. 
The radio-active lead can be concefltrated, and highly 
concentrated preparations show several peouliaiitics; 
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the sulphate becomes red on heating to 400”, the 
sulphide precipitated from dilate hydrochloric acid 
solution is grey brown, the chloride becomes rose 
coloured and the hydroxide yellow. Solutions of 
radio-active lead salts impart activity to other 
metals, as gold, silver, platinum. The feebly active 
lead Bal;^hate from pitchblende (not concentrated 
radio-active lead sulphate) has its activity increased 
by exposure to astrong kathode radiation.—W. H. H. 

Lead' {Elect. Eng.) See Lao akd Lead. 

—— {Min.) Tlii.s element is reputed to have 
occurred native at Alston Moor in Cumberland, at 
ihifton Mines in Westmorland, near Jlristol, in 
Ireland, in Moravia, .and near Lake Superior. In 
any case, as a mineral it is very rare. The principal 
ores are galena, cerussite, anglesite, and pyro- 
morx^hitc. There are many rarer ones. 

Lead, Action of Water upon {Uggiene). The 
waters wliich act most rajddly on lead are: the 
purest and softc.st, as rain, distilled, and such moor¬ 
land water as contains a fix-o .acid (iiumie, uhiiiu, or 
sulphuric); also those eont.'dning organic matter, 
nitrates, nitrites, chlorides, great excess of carbonic 
a«'id or of oxygen. Hard w.aters containing carbon¬ 
ates, partieularly carbonate of lime, h;ive the least 
etTee.t upon le.'id. Xo water slioiild be used for 
drinking that contains ono-tenth of a grain of lead 
in the g:iTlon ; any trace iudicatj’s danger. 

Lead Burning {Pinmb.) The formation of a 
moil! or less homogeneous joint between two piei'cs 
of lead by fusing their edges together with a hot 
Ihiiue. A hydrogen flame, supplied with air (less 
commonly with oxjgen) under pressure, is used. As 
no sohler is u.sed, the joint resembles a Weld (y.r.) 
It is u.soil in onlinary building work and in chemical 
intlufitries in which corrosive liquids or fumes would 
rapidly destroy .a soldered joint, c.g. in the leaden 
ca'>iugs of snl[»hiiric acid chambers. 

Lead Burning Machine {Plumb.) A vessel in 
the form of a cylimliT eiicasorl with wood, for 
generating iiyilrogeii gas used in lead burning {q.v.) 

Lead Compounds {Ckrm.) Lead forms two .series 
of compounds: in the one series of comjiounds the 
metal is divalent, and in the othe.r it is tctravaleiit. 
To the divalent scries belong all the common lead 
salts, the oxide from which these salts are derived 
being the monoxide I'bO; to the tet ravalent series 
belong a few nnstable salts, the oxide from which 
these salts are derived being the dioxide I’bOj. 
Oxides: The Subo-xide J’b./) is obtaineii by careful 
healing of lead oxalate out of air; it is a grey black 
powder, easily decompised into metallic lead and 
lead iponoxidc. The Monoxide PbO is prepared 
in large quantities by lead heaterl in air. When the 
teniperaturo is itisutficicnt to melt the oxide, the 
latter ia of a dull yellow colour; but when the tem¬ 
perature is high enough to melt the oxide, the latter 
assumes the crystalline form on cooling, and has a 
brighter and a redder colour—the former variety is 
calleti MA.SS10OT, and the. Latter l.iTnABQE. This 
oxide may also be obtained by heating the carbonate 
or nitrate. It ia very sparingly soluble in water, has 
an alkaline reaction, and readily forms salts with 
acids; it is easily reduced to the metal by heating 
in hydrogen or carbon monoxide, or on heating in 
tlie inner blowpipe flame, or by heating it with 
carbon. It dissolves in a solution of sugar. This 


oxide is very important technically: it is used in 
glazing earthenware; in making drying oils, as it 
accelerates the absorption of oxygen, on which the 
“ drying ” depends; in making flint glass; and in 
making lead plaster. Bed Lead (triplumbio 
tetroxide), I’bjOp is obtained by prolonged heating' 
of the monoxide in air at a suiteble temperature 
It is best regarded as lead orthoplumbate— 

-2PbO-rb 

\ OH ''0/ ^ “ 

Orfliopluuibic Add. 

It has a bright red colour, becomes black on heating, 
and decomposes into the monoxide and oxygen. 
Sulphuric and hydrochloric acids decompose it,, 
yielding the sulphate and chloride and oxygen and 
chlorine rospoclively; nitric acid yields lead dioxide 
and lend nitrate, because lead dioxide is not decom- 
X>osed thus acid. Bed lead i.s used as a paint and 
in making flint glass. The Dioxide (peroxide, or 
puoe-colourerl oxifle of lead) PbO,^ is obtained by 
the electrolysis of solulde lead salts or of lead 
sulphate suspended in dilute .sulphuric acid— 

J'bSO, + SO" = T'bfSO,)^ 
rb(Sl>/, r 2H,0 = + TbO, 

It i.« also obtained by tl»c action oPnitric acid on red 
lc.ad— 


r Pb.PhO, + 4 HNO 3 = II,PbO, + 2Pb(i;03)„T 
I Il,PbO, = I’bO.. + 2 H .0 


and by the action of oxidising agents on lead mon¬ 
oxide or i'.' salts. Usually it is a diirk brown 
]X)wder, but a naturally occurring variety (Plattnerite ) 
ia crystalline, as also is the electrolytic product 
when slowly deposited. On heating, it gives the 
monoxide and oxygen. The ease w’ith which it 
yields oxygen causes it to act as a powerful oxidising 
agent, e.g. 


,'JPbO, + 2Mn.SO, + CnXO, = 2nMnO. + 2PbSO, + 
SlMNOjj + 2H3O 


With sulphur dioxide it combines energetically to 
form leail sulphate, and v.itli nitrogen peroxide tO’ 
form lead nitrate. Strong acids (except nitric) give 
tetravalent, lead double salts with the dioxide, while 
aqueous acids give divalent lead salts, e.g. 

PbO„ + 611 Cl = H»PbCl„ + 2HjO 

PbO; + 4HC1 = PbCl, + CI 3 -t- 2 H 3 O 

The dioxide has also weak acid properties, forming 
piumbates with alkaline hydroxides, e.g. 

K,Pb0,..3H,0 

Divalent Lead Salts. Lead Chlobidb, PbCl,, 
is a white crystalline solid sparingly soluble in 
cold water, much more soluble in liot water. It 
forms a number of basic salts, some of which are 
used as paints, e.g. PbCljflPbO is Tubkeb’s Yellow 
Lead chloride is obtained by adding hydrochloric 
acid to hot dilute solutions of the nitrate or 
acetate, or by dissolving lead oxide in hot hydro¬ 
chloric acid and allowing it to crystallise. Lead 
Sulphate, PbSO,, is a white solid very sparingly 
soluble "iif water (1:22,S00), and less soluble in 
dilute sulphuric acid (1:36,51)0); readily soluble 
in caustic soda 01 ammonium acetate. It is 
obtained by adding a solution of a sulphate to 
a solution of lead nitrate or acetate; it can. 
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1>e crystallised from strong snlphurio acid. Lbad 
.NlTRATK, Pb(NO^j, is white crystalline solid, 
readily soluble in water (50 ports in 100 at 12°), 
and decomposes on heating: rb(NOj)j >= PbO + 
2NOj + 0. It is obtained by dissolving lead, lead 
oxide, or lead carbonate in dilute nitric acid; tlic 
salt is insoluble in strong nitric acid. Sometimes 
used as a weak oxidising agent, as it is slightly 
hydrolysed by water. Lead SuIiPiiide, PliS, is a 
black BoUd insoluble in water. Dilute nitric acid 
dissolves it on warming, forming the nitrate, and 
liberating sulphur; strouger acid oxidises it to 
sulphate. It comViines with lead chloride to form a 
rod chlorosulphide, PbCLiiPbS. Compare TUKNBK’b 
Yedlow. It may be obtained by beating sulphur 
and lead together, or by passing snlphuretted 
hydrogen into a solution of a lead stilt. Lead 
Oarboxate, PbCOj,. a white solid, insoluble in 
water, obtained by atUling ammonium carbouate to 
a solution of lead acetate. The basic carbonate, 
Pb(OH)j,. 2 PbC 05 . commonly called White Lb-Vd, 
is a white solid having a liuoly granular .structnro, 
the grains, which are circular or oval, varying in 
diameter from ■UUOl to 'OtiOO-l of an inch. White 
lead is made (1) by exposing lead moulded in the 
form of gratings or lattices, termed Wickets, and 
supported in vesstds containing <!ilut(' acetic acid, to 
the action of fermenting tannery bark; the decom¬ 
posing bark evolves lieat, and gives oft" carbon dio.xide, 
so that the changes that occur Jire [irobably as 
follows: Lead acetate is formed, then tlie liasie 
acetate, and finally the basic ctirlMjiiate (Imtch 
or Btack method). (2/By acting upon lead oxide 
in presence of a .‘■olution of lead acetate (practically 
basic lead acetate) with carbon dioxide. White lead 
is very largely used as a base in Uiaking y'ainis, and 
also as a paint itself. A ntixture of while lead with 
barium sulphate is also used as a paint under various 
names, as Yexicb or HAJiuuRa Wiiite. Lead 
Chromate, PbCrO^, is a yell 'W solid (obtained by 
adding a solution of potassium chromate or di- 
ebromate to a solution of lead acetate; it is 
crystalline when the solutions are slowly niixerl 
(by ^fhision); amorphous otherwise. It is insoluble 
in water, but soluble in nitric acid and in caustic 
soda. Is u.sed as a paint under the name Chrome 
Ybldow. When treated with caustic so<la in the cold, 
it yields a basic chromate, PbO.PbCrO,, which 
has a red colour, and is used as a paint under the 
name Chrome Bed. I.ead Acetate, Pb(CJI,0,;),„ 
also called Sugar op Lead, from its sweet taste, 
is a white solid crystallising with three mole' ulcs of 
water; very soluble in water, less soluble in alcohol, 
poisonous. It is prepared by dissolving litharge, 
PbO, in the theoretiial quiintity of dilute acetic a< id. 
It is used in medicine, and also largely as a reagent 
and in the preparation of other lead compounds. 
On beating its solution with one molecular pro¬ 
portion of litharge, it yields a soluble basic acetate, 
PbO . PbCCjILO,),, which is used in medicine under 
the name of Goufard extract. Lead Plaster is lead 
olcate, I’bCCiJIjtO Oa, and is made by licatirig litharge 
with olive ml and water at lOCP. I.ead salts of 
, organic acids are easily decomposed by sulphuretted 
hydrogen into lead sulphide and the free acid; on 
this acjcount lead salts of organic acitla are often 
prepared as a step in the preptiration <4 tiic pure 
acids. Por an examt'lc see Formic Acfb. Tetra- 
valent Lead Salts: I.ead Tetrachloride (Plumbic 
Chloride), I'bCl,, is an unstable yellow liquid, which 
readily decomposes into the dichloride and chlorine; 
•ezoess of water converts it into the dioxide 


^C1 yOn 

Pb ^ 4HgO » 

^C1 "OH 

.'OH 

Pb< '22' +2H,0 

"OH 

It is obtaineil by adding the dioxide to cold con¬ 
centrated hydrochloric acid, and treating ihe'bolutioa 
witli nramoiiium chloride, when the yellow ammonium 
lead chloride (XHj)jrbCl„, separates out; and this salt, 
ou treatment with coneentraled sulphuric acid, yields 
the lifiuitl tetrachloride. Lead Disulphath (Humbio 
Sulphate), l’l)(S0,).^, is a white powder obtained by 
clcctrolvsis of strong .sulphuric acid in a glass vessm 
couraining a sheet of lend to serve as anode, and a 
porous pot aKo, containing stroi^ sulphuric acid and 
a lead worm to serve as kathode, and to carry a 
current of water for cooling purposes, TJio di¬ 
sulphate which is deposited at the anode is collected 
and exposc'l on ]X)n)us plates in a desiccator over 
strong sulphuric acid. 71 is not quite pure. Sparing ly 
soluble in conecninitc.l siiljihuric acid. Decomjioscd 
by water like the totrnc;deride. Lead Tktuacetatb, 
I’l)(t'.^nj(\),, forms white luonoclinic. prisma melting 
at IT.I’, an'l soluble in glmdal acetic acid and in 
chloroform eontaining a lit ili* gl:ud:il ajctie, acid. It 
is immediately decomposed bv waiter into the dioxide 
and acetic acid; hydrogt n chloride gives the tetra¬ 
chloride and acetic aetd, Tlie TetuaC'ETATE is 
prepared by gradually adding red letid to hot g1u'',ial 
acetic acid to satnriition, filtering while hot, allowing 
to crj’Htallisc, (hen recrv-stallisinsr from glacial acetic 
acid. T.eau Tetb.vmethyl, I’lHCIIj)*, is a colourh ss 
Ihpiid having a slight, smell like raspberries; boils at 
110°. With iodine it. forn's h'ad trimethyJ ifwiido, 
Phff’IIj),!. Learl tetrameth}! is obtained by the 
action of zinc mctlivl on hiul chloride— 

2 I’bCl,, + 2Zn((';il3),= l‘b(t'll„). + 2Zn(’]j -h Pb 

Lead Tbimethyl Hydroxide, l’b(CH,)jOH, is 
obtained as a low nieltitig .-.olid by distilling lead 
trimethyl iodide with ciiu.stic potash; it behaves 
like a strong alkali. ..-iimilar ethyl compounds are 
known.-W. II. II. 

Lead, Desilverisation of (C/iem,') &’«Lead. 

Leader. A learling aiticle in a ncwspajicr, being 
an e.xpressjon of editorial opinion on some subiect. 
Generally set in rather large tyijc. 

- (Jlininp). (1) A sin:ill vein which seems to 

indicate the proximity of larger veins of a metal, 
(2) A stream which bj* it.s colour indicates the 
pre.sence of minerals. 

- {Typog.) A line of dots or dashes cast on one 

cm of a particular body, and intended to guide the 
eye, tlms. , 

Leaderette. An editorial paragraph in a news- 
.paper, ]jvinted in t.lie saitic typo as a leader (j’.tt) 

Lead Glass or Flint Glass. See Glass Maeu- 

FACTUBE, 

Leadhillite (-I/la.) A very rare basic sulphate 
and carbonate of lead. Found at I.£adhills in 
Lanarkshire and in tlie Caldbeck Fell mines. It 
occurs in small monosymmctric crystals with a 
perfect basal cleavage; the lamells are flexible. 
It is of a pearly white colour. 

Leading JLxle {Bag.) The axle oariying the front 
wheels of a locomotive engine, etc. 
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I«eadin^ Bdjje That edge of the blade of 

s screw propelter which cuts the water first. 

Leading Note iMmie). The technical name for 
the seventh degree of the scale, so called from its 
tendency to le^ upward to the tonic, below which 
it is only a semitone. 

Leadintf Otft Widening the spaces 

between unes by means of leads (g.e.) 

LjBading Screw {ISng.) A screw with an accur¬ 
ately out square thrfead, which moves the slide rest 
on a ScatKW Cutting Lathe {q.v.) See also Lathe. 

Leading Springs {Ertij.') The front springs of a 
locomotive, etc., i.e. those irnmciliatcly over the 
leading axle. These springs have to sustain a large 
amount of vibration and shock, ami are tbereforo 
made of considerable .stuingth, being usually built 
up of twelve to sixteen curved steel plate.s. 

Lead Joint {Mug.') A socket joint in iron pijung 
filled with moltim lead, wliich i» driven farther in 
when it has solidified, in order to fill up any irregu¬ 
larities. 

Lead of a Slide Yalve See Slide Valve. 

Lead of Brushes {Sled. Eng.) The bruslie.^ of 
a dynamo (g.v.) do not touch the coinnnitaior ut 
the cxtrcmitie.s of a diameter wliich is symmetrical 
with regard to tluj yjole pieces, but have a fnruanl 
displacement, termed a Lead. See I)yn.\mo, figs. 2, 
3, and 4. A displacement in the icvcrsc <liri;ction is 
tcrnie<l a Backwaud Lead ; it- i.s used iu continuous 
cun'eut motel's. 

Leads {'I'lipog.") Htrips of le.od or otiior metal 
of dilferent t-'iikne^sos and J.'iigth, u.sed for effect- 
ing .spacc.s bet wet n lines of t.' pi*. 

Lead Tack {Phiwh.') ,Siy I'AcKri. 

Load Tree (tVirw*.) See i.evd. 

Leaf Wood. Tia* term oficn applied to the 
timber from the ordinary dccidnous trees, i.e, those 
other than the ])ines and firs. 

Leakage, Magnetic {Sled. Siig.') The passage 
of magnetic lines of force through a space or object 
in wlndi tiiey do not scr\c a useful ]iui pose ; e.g. in 
a dynamo or motor certain lines may pass from one 
pole piece to another through the air or throiigii the 
frame or the btist'platc, instead ol pa.ssing through 
the armature. 

Leaning Thread {Sng.) A screw thread of which 
the two sides (.soeii in cioss section) are not inclined 
at the same angle : .an example may often lie found 
on a bolt which has to susUain a thrust in one 
direction only. 

Lean-to Roof {linild.) A roof wilh one slope 
only, as in a buthiing placed against a h.igh wall. 
The tops of the rafters are nailed to a plate or bar 
of wood fixed to the wall. 

Leaping Weir {f'iril Ung.') A weir placed just 
in front of tlie intake of an aqueduct, ami so con¬ 
structed that when the -stream is in flood, Iho power- 
fid current.will cause the water to shoot right over 
the opening of the aqueduct, wiiile in normal eon- 
ditiona the water falls gently over the weir and 
entem the opening. Flood water, which is usually 
turbid and muddy, is thus prevented, to a very large 
extent, from entering the aqueduct. 

Le^p Teara {Astron.) Years in which an extra 
day la added to the month of February to bring the 
calendar into conformity with the time of the earth's 
tevoiutioa nrand the suh. 


Lear {Glass Manttfac.), An annealing oven. Bee 
Glass Manueactubb. 

Lear Boards {Carp.') The boards nailed to-the* 
rafters In valleys {g.v.) and gutters to dress the lead 
upon. 

Lease, Lese, or Leese ( Textile, Manvfac,) In warp-, 
ing, the crossing of the warp threads alternately 
the head end of the warp, and in groups of several 
threads at the footing end, in order to keep the 
threads straight when beaming and during weaving. 

“ Lease ” or “ Cross ” Rods {SUk Memifao.) 
Two rods placed horizontally through tlie waarp 
between the harne'is and. tlie cane roll, the waip 
threads being alternately above the one rod and 
under the other, the cross or divi.-<icn thus formed 
keeping the thread.s in t heir proper order, enabling 
the enterer and twiater to play them out in succes¬ 
sion and facilitating the tracing and mending of those- 
broken. 

Leat {Mining, etc.) A watercourse, usually one 
cxciivatcfl in the ground, as distinguished from a 
launder {q.v.) 

Leather Manufacture. The manufacture of 
leatlicr may be described as the conversion of raw 
hide or skin into an impulre.-icible substance, for 
certain purposes supple and soft; for otlier purpo.ses 
firm and hard. This is effected by three main pro- 
(■e.-,scs: (I) By impregnation of the bide or skin with 
a .siilulion of “ tannic acid” (tanned leather). (2) By 
truaLment of the hide or skin w’ith mineral aiUk 
(lawcii or mineral li utbcr). IJy treatment with 
oiN and fats (cluimois or buff Ic-athcr). In some 
CA-'CS combinations of any two or of all three ]iro- 
ccssos arc c'uployed, produ(;ing DoNGoLA or combi¬ 
nation tanncrl leather. TANNING—SoLB LMATHEB; 
The ra'w material for this purpose consists of the 
heavy hides of the ox and cow. These are obtained 
irom practically all over tlic world, being preserved 
for transit Iw sun drying, “ curing ’’ with chemical 
jireservatiAos, nr by lieavy salting. In process of 
manufacture they are tiist soaked in several changes 
of water to rennoc the cure, and to bring them back 
to a soft condition. Tiiey are then placed in pits 
containing a solution of milk of lime, to which is 
eftou added caustic soda or alkaline sulphides. The 
hides are frequently lifted from the pits, and the 
soluti'uis strcngtlifued. After from six to twelve 
<ia} s, according to thickness, the hides are swollen 
ami the hair is looseinMl; tiiey are then drawn on to 
a sloping beam, and the hair pushed off with a blunt 
knife. After the hair has been thorouglily removed, 
they are rin.“cd in water remove excess of lime, 
again drawn on to the beam, flesh side upwards, and 
tue fat and flush left by the butcher is sliaved off by 
means of a sharp fleshing knife. After again soaking, 
they are “roimdcil” by cutting off the belly and 
sliouMcr portions; the remaining portion, the “butt," 
is generally about 6 ft. square. Pieiious to entering 
the tun liquors, tliis raw butt is placed in water 
containing a weak acid to remove the lime, after 
which it is susiiended in weak tan liquor and moved 
forward into successive pits containing tan liquor of 
greater strength. When evenly coloured, the butta 
are no longer su.spendcd in ^.ho liquors, but are laid 
flat in them and “handled” frequently from pit to 
pit. Whib about half tanned the butts (goods) are 
put into still stronger liquors, and between each butt 
a layer of tanning material is sprinkled. This pro¬ 
cess' is known a.s “ laying away," the goods being laid 
in those liquors for periods varying from fourteen 
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•days to three months. When thoroughly tanned, the 
-whole period occupied varying from two to twelve 
months, according to thicbm^ss of the hide and the 
dnaterial used, the leather is removed from the pits, 
allowed to drip, and slowly dried until semi-dry, at 
which stage the leather is scoured and cleaned by 
hand or machine. This scouring removes dirt and 
all particles of tanning material, and flattens out the 
surface of the leather, making it sniooth. A light 
coating of oil is applied; it is farther dried and 
rolled under a heavy roller to give it firmness and 
solidity. After still further drying, a second rolling 
maybe given when necessary,and the leather is then 
hung up in a heated shed until quite dry, when It is 
polished with a flannel clot'.i or brush. This com¬ 
pletes the process. Tanning Matbuials: Up to 
•about fifty years ago practically the onl}' tanning 
material used was oak bark, but gradually other 
tanning materials of greater strength have been 
introduced. Among the most important arc valonia 
.(the acorn cup of the Turkish oak), myrobalans (the 
trait of an Indian tree), mimosa or wattle bark (from 
Australia and Natal), algarobilla and divi-divi (the 
fruit of two Indian trees), sumach (the leaf of a 
shrub growing chiefly in Sicily), and, more recently, 
mangrove bark. A still more important development 
in leather manufacture lias been the introduction of 
Strong tanning e.'clracts of chestnut, oak, quebracho, 
and hemlock. Oak extract is chiefly manufactured 
in Hungary from oakwood. The wood is cut into 
fine shreds and soaked in liot water, and the liquor, 
after decolorisatiou, is concentrated in vacuum pans 
to a required density, and sold in casks. Chestnut 
extract is nianufactim'd by similar means in France 
and Corsica, quebracho extract in the Argentine, and 
hemlock extract in Canada and the United States. 
The introduction of these materials has enabled the 
'tanner to considciably shorten the process of leather 
manufacture. Previous to their introduction, when 
oak bark was the only tanning material obtainable, 
the manufacture of sole leather required from one to 
two years, as oak bark contains but little tannic acid 
or “ tannin,” this being the active principle of a 
tanning, material. With the introduction of the 
newer materials, however, which contain from thiee 
to seven times as much tannin as oak bark, much 
stronger .solutions or liquors can be u.-ed, with the 
result that the J)^oce^s may lie completed in from 
three to nine months. Leaguing: Previous to 
making liquors from the tanning materials, the-.e are 
ground or cru.sbcd in th«; mills, and then placed in 
large vats or lufs and *• leached *■ by maccrutiun with 
water. The “li:aches” aic gciicially arranged side 
by side and material put into each, water be ing then 
run into one leach, and, afier standing a few hours, 
being drawn off into the next leach by means of a 
pump. The liquor, on passing through each succes¬ 
sive pit, gains in stren^h, until liquors are obtained 
containing as much as 10 per cent, of tannic acid. 
Into these liquors, strengthened with extract, are 
placed leathers of which the tanning is almost 
fini.shed. and, as the strength is absorbed by the 
leather passing through, the liquons gradually work 
down through the tanyard until, on reaching the 
suspenders or early stage of tanning, the strength of 
a liquor is exhausted, and it is discarded as u.seless. 
Sole Lbathkb, as the term imidies, is used for the 
soles of boots, shoes, and slippers. The thicker 
portion, cut from the butt or back, is used for heavy 
boots; that cut from the shoulder is somewhat 
thinner, and is used for light summer shoes and 
boots; and that ent from the belly is used for 


slippers and sandals. Hide shoulders tod bellies 
.undergo a like process of tanning to that described; 
but being thinner than butts, the tanning is com¬ 
pleted more qnickly. Dppbb and Dbbbsino 
Lbathbbs: The hides imd skins used for these 
leathers are the lighter and thinner ones. Hiese 
undergo practically the same preparatory process of 
soaking, liming, unhairing, and fleshing as the heavy 
hides. But a softer and more supple leather is 
required, and this is obtained by tanning the goods 
in weak liquor^ handling them ftrequently^and using 
tanning materials which arc in their nature soft and 
not strongly astringent. Whem the process of tan¬ 
ning, similar to that already described, is completed, 
the leather, after dripping, is partially dried, lightly 
oiled, anrl, without scouring, cleansing, or rolling, is 
dried out. It is then ready for the process of 
“ Cdkeying and Dbessing.” This process may be 
generally described ns impi-egnating the leather with 
oils and greases, and usually is as follows : The 
leather from the tanner is first softened by steeiung 
in warm water; it is then worked over on both sides 
with brushc.s and stone knives to remove soluble 
tannins, dirt, and particle.s of tanning material, and 
afU'iwards bleached b.v steeping in warm liquors 
containing sumach or ot her suitable bleaching agent. 
After drijipiug, the leather is hung up to bring it 
into a suitable condition for .stretching, which is done 
b 3 ’ laj'ing it on a slate or stone table, and drawing it 
out from oentie to edges hy means of a brass or stone 
knife. The leather is now oiled on the upiicr or 
grain snrfat;c, and a coating of oil and tallow (dubbin) 
is brushed well in on the under or flesh side; it is 
then hung in a cool shod, when the moisture in the 
leather giadually dries out, its place being taken by 
the oil and tallow. This process may be rejarated 
accoiding to the amount ot grea.se which it is desir¬ 
able to incorporate into the leather, this dcjtending 
upon the purpose for which the Ic.Tthcr is to be used. 
If for JlEl.TiNtr, the leather is hwivily stnfl'ed with 
grease; for light Ktbaps and JIakness, Itsss is 
applied; if it is for the T’ppBUeJ OP JtOOTS and 
SHOES, only a light coating is newssaiy. The 
leatlicr, having received the requi.-ite stuffing, is 
slightly oiled, hung in a room for three or four days, 
ami then laid in pile fi r the grease in it Ao set. 
Hxcess of grease is now ri.moved from the surface 
by moans of a blunt “ slicking ’’ or smoothing tool, 
and the leather i.s aga;n stretched and polished; it is 
then ready fo. cutting into helting or .straps. When 
the IcatJier is requiied to be finished black tor harness 
or for b.x)twork, it is blackened cither by means of 
a solution of logwood and iron or by brushing with 
an aniline dye. Home leathers are fini.shed flesh side 
outward.s, in which case they are “waxed" with 
successive coatings of a mixture of lampblack and oil, 
the leather being dried between each coat, and finally 
polished by rubbing over with a rounded glass tool. 
Fancy Leatheks : These leathers are manufactured 
from the skins of sheep, goats, valves, and scabs. 
The skins arrive in this countiy in a similar condition 
to the hides of oxen and cows, already referred to. 
C'ALP Leatiibu: The skins, after the preliminary 
procc.k's of soaking, liming, unhairing, and fleshing, 
are “ pucred ” by- steeping in a fermenting solution 
of cxcrament., and afterw'ards cleansed by drenching 
in a solution of fermenting bran. This dissolves out 
some of the interfibular substance and softens the 
skin. The tanning is carried out in a series of vats 
or pits, commencing with weak liquors and finishing 
with strong, the skins being handled frequently from 
one pit tu^ another. The liquors are made chiefly 
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from oak bark. The leather when tanned is scoured 
«nd cleansed similarly to sole leather, but is usually 
shaved on the flesh side to make the whole skin 
of one thickness. Previous to drying it is oiled, 
and when dry it is sponged over with a solution 
of soap and mucil^e; it is then redried and 
polished by brushing. If for shoework, the 
leather, after tanning and scouring, is dyed the 
requisite ^ade by immersion in a solution of aniline 
dye-stuff, rinsed to remove excess of dye, lightly 
dressed with oil and tallow, dried (excess of grease 
being removed as with curried leather), and poli.shed 
by brushing; it is then ready for the slioc factory. 
SioBOCCOS : The preliminary preparation of goat 
skins for tanning is in general the same as that of 
calf. This being completed, tire goods arc tanned in 
solutions of sumach; this tanning material imparis 
to the leather a light cream colour. Sumach being a 
rapidly penetrating material, the tannage rcquii-es 
from two to six days only. Wiien tanned, the skins 
arc “struck out’" to remove excess of tan liquor, nailed 
on frames, and dried; when dry, the skins are soaked 
back, scoured, shaved to ca cn thickness, and dyed in 
j>addles or trays with a solution of aniline dye. When 
the requisite shade has been obUiined, the skins are 
struck out to remove excess of dye, dried, damped 
slightly, juid grained by hand to bring up the natural 
gr.aiii of the skin. A seasoning solution, consisting 
of blood, milk, or a suitable mucilage, is then rubbed 
On the surface, and the skitm are giazwl by machine, 
and sometimes re-grained and ro-glazed : they .'tie 
afterwards sorted into sizes in tlm warehouse. This 
leather is used for upholstery, bookbinding, pocket 
books, and other fancy work.' SliKEl’: The wool is 
the most valuable part of a sheep’s clothing, being 
usually worth from four to six times as niiinh as the 
skin. To remove the wool the llesh sides of the skins 
are painted with a strong paste of lime or sodium 
.sulpliide, and the skins tlicn hud flesh to flesh; in 
about twenty-four h.ours the lleeec can lie removed by 
hand. Affcrthe W'ool is uunovod the pelts are treated 
siiuiharly to goat and calf, tanned in I'ark or sumach 
liquors, dyed and finished in a similar manner to 
moroccos to make ItoAXS or I'.asils, which are used 
for the cheaper class of sliiiper work, upholstery, and 
linings for l)ool,s. Many sheep skins are sjilit, after 
liming, by jiassing the skin between two rollers which 
press it against a revohiug knife. This si>lits the 
skin evenly, producing a thin gr.nn split and a heavier 
flesh split. The grain split is tanned out in sumach, 
and is known as a Skivbu, After djeing and liiiish- 
iiig it is used for liookbiiiding and other fancy work, 
the- flesh split being used for manufacturing Ciiamois 
Leather. Heal Kkin : These skins being full of 
gruaso or oil am, after sordeiiig, blubbered. This 
consists of rotating the skins in tepid water in a 
laigo revolving drum to liquefy the fat, and working 
thd skins over several times on a .slojiing beam with 
a blunt knife. By this means the grease is pressed 
out of the skin, after which it is limed and tannc<l iu 
a similar manner to morocco and calf. Heal leather 
is used for portmanteaux, dressing cases. purse.s, and 
other fancy work. Oil and Bupe LBATHERa : This 
heading includes chamois Itiaiher, hnck-skiu, suede 
glove leather, and leather for military ai coutrcments. 
Chamois leather is made from the flesh split of the 
sheep skin {xee under Sheep ahove "); suede glove 
leather from the flesh split of goat, lamb, and doer 
skin ; buff leather from heavy hides from which tlic 

f rain surface has been removed by the butflng knife. 

or oil dressing the skins must be heavily charged 
with lime. After sprinkling with cod oil, they are 


placed in machines known as stocking mills, in 
which they are constantly beaten and turned, and as 
the oil is absorbed fresh* oil is sprinkled on the slrio- 
During the process the skins beat, owing to ^e 
decomposition of the oil, and care must be taken 
that they do not overheat and bum. After the 
requisite amount of oil has been beaten into the 
skins they are laid in piles to heat and for the oil to 
oxidise; when they have finished heating, the excess 
of oil is pressed out, the leather is then washed in an 
alkaline solution to remove all trace of oily matter, 
washed in water, bleached until the colour changes 
from brown to light yellow, softened by staking, and 
trimmed; the surface is then smoothed by pressing 
with a revolving emeiy wheel, which completes the 
process. Tawed Leathers : The term is applied 
to leather dressed for gloves; the skins used consist 
of lamb, kid, and deer. The preliminary processes 
of soaking, liming, pucring, and drenching having 
been carried out, the skins are then placed in large 
revolving drums and rotated together with a tawing 
paste made of alum, salt, flour, and yolk of egg mixed 
into a thin pa.ste. This paste penetrates the skin, 
and on completion the skins have been transformed 
into a wliite, tough leather. They are then dried and 
allowed to lie in stock for some weeks, to age. This 
aueiiig process makes the skins softer and tougher, 
TUej' are then .slightly damped with clean water, an * 
are stretched over a staking knife. Tliis staking 
liroccss is repeated until the skins are sufficiently 
soft, after wdiich thej' may receive a second drumming 
iu a tawing iiaste in order to still more toughen the 
leather, the drying and staking being again repealed. 
They are fluffed on a fine emery wheel on the flesh 
side until of even thickness throughout; they are 
tlii*n dyed co the grain surface by bru.shing the skins 
over with a solution of any suitable dyc-alufl, the 
alum acting as a mordant and fixing the dye. When 
dry they arc .‘•ponged over with a mixture of white of 
egg, milk, and water, and ironed with a fairly hot 
iron to gla/.e. This makes the skin ready for the 
glover. i’HBOME Leather : The practical manu¬ 
facture of chrome taniieil leather dates from 1881, 
but mineral salts, chiefly' those of iron and alnminiiim, 
had bwn u.sed for a consiilcrable time in the manu- 
fai ture of leatlier. Modern chrome leather, both 
light leather for the uppers of boots and heavy 
leather for harness ami belting work, is made by 
impiegnating the skin (after the preliminary liming, 
unbairing, and fleshing lifive been completed) with a 
solution of chrome salt. The skins are generally 
placed in a pit or drum containing a solution of 
bichromate of potash, to which is added sufficient 
hydrochloric acid to set free the chromic acid. The 
chromic acid is at once absorbed by the skin, giv ing 
it a deep yellow colour; the skins are then removed 
from this siflution and are placed in a second solution 
containing sulphurous acitl or a sulphurous acid salt. 
This second bath reduces the chromic acid to 
chromic oxide and other complicated chreme salts. 
The leather, on emerging from this bath, is of a 
greeny white shade. After washing free from acid, 
the skins are shaved to even substance and placed in 
a resolving drum and drummed in a weak emulsion 
of soap and oil. After this fat-liqu</ring, the leather 
may be dyed with any'aniline dyes, and after striking 
out, slowiy dried. Before tlie leather is quite dry it 
is .stretched and softened by staking, after which it 
is glazed, dried, and finished. Heavy hides for belting 
and harness work are usually tanned by a one-bath 
process. This consists of a solntion of a basic 
chrome salt; the hides, like in ordinary tanning. 
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(Eminence in a weaJc liquor and gradually, day 

by day, move into stronger liquors. By this pro¬ 
cess tbe heaviest hides iiiay be tanned in from 
six to eight days. The process is frequently 
acoel^tod by tanning in a i-evolving drum, or 
by any suitable means of keeping the hides or 
liquor in constant movement. Chrome leather has 
m^e enormous strides since its introduction, and 
practically 60 per cent, of the uppers of boots 
are now being made of chrome leather. It 
has completely replaced the French calf and calf 
kid.—J. O. P. 

Leatfiers Cfp Leathbbs, etc. Xq.v.), used 

In the packing of hydraulic presses. See Hydbaulic 
Pbbss. 

Lebes {Arcltaiol.) A large vessel, generally of 
metal, used by the Greeks and Homans for culinary 
and other purposes, e.g. for catcliing the water which 
was poured over the hands and feet after meals. 

Lcibhaft {Mmic'), The German equivalent for 
ViVACH Xq.v.) 

Leblanc Process ( Chem.) See Alkali. 

Lecithins ((Vtcm.') ronvponnd.s of glycerine with 
fatty acids, phosplioric acitl, and choline, e.g, 

• CH,,GOC. 

cnooc.c^n,, 

CH^o. ro. <ocnjCii,. n(Cii,),oh 

is a lecithin containing stearic and palmitic acids. 
They are wavy crystalline solids, .soluble in ether or 
ether chloroform. They are hytlr"ly?ed by dilun; 
sulphuric acid or by baryta uatrr to choline, fatty 
acid, and glycerine jihosphoiic acitl. Ihey form 
double salts with phitinic chloride and cadmium 
chloride, and the latter has been shown to be dextro¬ 
rotatory. The lecithins occur in lirain and nt'tve 
tissue, in the blood, very largely in yolk of egg, 
and in growing vegetable cell.s. The lecithin fixun 
yolk of egg can be obtained by extraction with 
ether alcohol, distillation of extract, treatment of 
residue with ^cohol, filtration, addition of alcoliolic 
FjPtClg, when the platinum double salt is obtained 
as a precipitate. The double salt is treated 
with sulphuretted hydrogen to remove platinum, 
filtered, and eva])oratcd. Lecithin from yolk oE 
egg is now used in medicine: it increases the 
number of red and white corpuscles, and is used 
in tuberculosis. 

LeclanCh^ Cell QEleet.'y See Cells, rmaiAKY. 

Leotem. A reading dc.'-k, csjiccially that from 
which the lessons are read in a church. 

Leeythiu (Pot.) An ancient Greek vase with a 
narrow or constricted neck. 

Ledged and Braced Door. The .same as a 
XiUDaED Doob, with the addition of braces or pieces 
of wood running diagonally across between the 
opposite ends of two successive lodge.s, 

Ledged Door (Carp and Johi^ A door con¬ 
structed of parallel boartls or battens, placed verti¬ 
cally, and held together by horizontal rails or 
l^n^KS, to which they are nailed. 

' Ladgor Lloea (Mv»ie). Bbort lines drawn above 
and below the stave for those notas which exceed 
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the compass of the stave. Ledger lines are always 
counted outwards from the stave, e.g. 



The first ledger line below the treble slave is the 
same note, C, as the first ledger line above the bass 
stave. 


Ledgers (UniId.) The horizontal poles of a 
scalTeld on which the Putlogs (g.v.) rest. 

Leeching (Leather Mamtfae^ See Leaching. 

Left Hand Thread (Ung.) A screw thread which 
runs rountl the .‘.crew in the opposite dircfction to the 
usual one; if the screw be viewed in vertical elevation, 
the thre.ad ajipcars to run upward as jt is followed 
from right to lel't. 

Lcgatissimo (Music). Very smoothly; as connected 
as po.'-.sible. 


Legato Smoothly, connected;, abbrevia¬ 

tion leg., shown in niii.sic by a curved line over or 

under the notes: „j. 


Legend (Cnmi). The letters or words appearing 
on a Coin or medal. 


Legend Line (Tgj/og.) The line or line,s i)laccd 
under un illustration in a book or poriodic;il to 
signify tu fie reader the nature of (ho illustration. 

Leggiero (.l/Mif). Lightly; tibbrevlation, 

Legume ( Jiotamg). A <lehi‘-cent fruit setting free 
its seeds by the scparatioti of two valves (e.g. Pea, 
Bean). The c’.iiiacteristic fruit of the order Legn- 
tiiimstr. 

Legumin or Vegetable Casein. A proteid very 
mucli resembling casein in milk. It is present 
chiefly i.a the see<)s r/f licfuis and pea.s, and csist.s 
largely in combination with suljthur and phosphoncs. 

Legaminoste. One of the most im])ortaut and 
widespread of Dicoi\'c<!oa orders. The fjcas, besins, 
cloter, vetches, leiitii.s, Tound mds, and many otliers 
form valuable £(»oda?jd it.ddor plants, while tropical 
forms yield timber, fibres, dyes, gums, rosins, and oils'. 

Leicester Reds. See Bbicks. 

Leish (Silk Manufne.) See Couplikg. 

Leit Motif (Music). A musical tlieme to illustrate 
certain eharaeters or ideas in a story. It recurs on 
etich occasion the.-.c chiirtioters or ideas are brought 
forward. Especial use was maile of the Leit motif 
by Wagner in hi.s operas. 

Lemon. See Ci'ritus. 

Lemon Chrome (JJec.) A jialu yellow pigment c<mt^ 
sisting of haul chromate, mixed'with lead sulphate. 

Lemon Grass Oil. An oil used in medicine and in 
perfumery; is distilled from the entire grass, 
Androqfogon citratus (order, Oramineae). 

Lemon Juice (Hygiene). Valuable on account of 
its anti-scorbutic power; its use has practically 
eradicated scurvy from our navy and mercantile 
marine. The Merchant Shipping Act, 1867, inquires 
that after ten days at sea each person shall receive 
an ounce of lemon or lime juice daily. Both lemon 
and lime juice contain citric acid (the prindpid con¬ 
stituent), sniiiK malic acid, proteid, and sugar. 

Lenard Rays (JSlect.) See Badiatiok. 
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tMOoiCottim Mantt/ae.') A combinatiou weave for 
light fabrics (e.g. veils, curtains), consisting of a plain 
and figure weave and seme form of gauze structure. 

Leno Brocade (Cottan Manuftus.') A brocade 
figure on a gauze ground. 

Lena (^lAght), A single lens is a portion of a 
refracting medium, bounded by twoc'o-axialspiicricul 
surfaces of equal or different radii. One of these 
surfaces may be plane, i.e. its radiu.s is infinite. Si'e 
Co.NCAVE, CONVMX, MENISCUS LENS, The term 

Lens is also applied to a combination of lenses 
suitably mounted for iJurpuscs of pliotography, etc. 
As 1!ie rays most active in forming the photographic 
image are situate at the violet end of llie spectrum, 
while those winch affect the eye most stJ’Ougly cor- 
resi>ond to the yellow and yellowish green, it is 
nocessurj', in order to obtain a j^roperly focus.sed 
image, that the lens be corrected for chromatic 
aborrati«)n, the violet and yellow rays being brought 
to a focus at the same point. 

- , Achromatic. A combination of two (or 

more) single lenses, usually in contact, which pro¬ 
duces deviation witliout dispcr.tion (y.r.) It i.s more 
correctly termed an Acuuomatic Combination, ami 
in the commono.st cases (r.^. the object glass of a 
telescope or a so-called single photographic lens) con¬ 
sists of a (‘onvergent or convex lens of crown glass, 
cemeuted by uioan.s of Canada Balsam to a divei^cnt 
or concave lens of flint glass. 

Lenticnlar {Min., Mining, ^ etc.') T.ens-slia|)ed ; 
applied to fiat masses of or<‘. etc.; tliiiining out at the 
edges. 

Lentil {Botany). Lenx emulenia (order, Lcgni,,- 
inourr). A food plant from Western Asia, (■.ulti\a.te(l 
from ancient times ioi the sake of its jiutritious seeds. 

Lento (.Wi/«/c). Slow. Tiic movement is slower 
than that indicated hy AuAGto. * 

Lenz’s Law {ICiect.) Wlien currents are induced 
in any oonduetor by the motion of the conductor 
or a neighbouring magnet, or by another conductor in 
which a current is flowing, the ilirection of the 
induced current is siicli as to tend to stop the motion 
by which it is produced. 

Leonids {Astron.) The swarm of meteorites which 
pur-!ue their ptith round the sun in a period of about 
tlrirty-three years, but which every year, about 
November 15, meeis Ibc earth in her orbit, and give.s 
us the phenomenon of a sliooi ing star display, 'J'lie 
main part of this swarm meets the carili e\cry thirty- 
three years. The main showers occurred in l,s:-5o, 
and a not very brilliant shower in IHOI. 

Leopard, Lupard, er Lybbardes {tier.) An¬ 
ciently “a lion jiassaut guuniant” was blazoned 
“ leopard.” The lion-s on the shiidd of England arc 
thus blazoned, and are not, as some luivc suppo.sed, 
leopards. When a leopard’s head ajipears without 
any jwrt nf the neck, it is blazoned a “ leopard’s face.” 

Lepidine {Chan.) (y-Methylquinoline) 



HC N 

A oolourless liquid; boils at 257 °; smells like quino* 


Une : soluble in alcohol and benzene. It occurs in 
coal tar; has been synthesised by condensing acetone 
with formaldehyde (in the form of methyl^ by 
hydrogen chloride, adding aniline, and heating with 
concentrated sulphuric acid. 
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It is formed (uinong.st other products) by distilling 
oiiicbonine (r/.v.) with caustic potash. On oxid.itlou 
with chro.nic acid it yieltls 7 -quinolinccarboxylic 
i acid ; with potassium permanganate it yields 1:2:3 



I Lepidolite {Min.) A ba.sic fluosilicate of potas- 
! .Slum, lithium, and aluminium. Monosymmotric, 
It is one of the MicA group (jf.r.) From Cornwall, 
Kinrossshire, Ireland, Moravia, Saxony, efc, ^ 

Lese {TextiU Manufac.) Sec Lease. 

Letching {Leather Manufac.) See Leachino. 

Letterpress. Trinfing impressed by tyj^e, as dis* 
tingiiishcd from printing done from plates or litho¬ 
graphs. 

Letting Down {Bug.) Siiftening liordened steel 
b}’ heating it up to n definite temperature. See 
Tempeuing. 

Leucine (€A«>t.) CH.CHpHNH,. COOH. 

White sliiuing crystalline leaves with fatty feel; 
soluble in 48 parts of water at 12°, and in 800 p^s of 
alcohol. Kapidly boated, it yields isoamylaminb ; but 
on carefully heating it can bo sublimed unchanged. 
Nitrous acid replaces the amino group by OH. Ferric 
chloride gives a red colour with a solution of leucine. 
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It furms a characteristic copper salt. The leucine 
obtained |roni albuminoids by the action of acids is 
optically active; that obtained by the atdion of baryta 
water is inactive. Leucine is found in many parts 
the body, and if is a constant <1ecomposition i>ro- 
dttct of albuminoids, e.g. on digestion, putrefaction, 
treatment with acids or alkalis* The best sonrcc is 
the cervical ligament of the ox. It is obtained from 
this as follows ; The ligament is boiled with acetic 
acid and water till free frfitn connective tissue; 
then with 1 part of sulphuric acid containing 3 
jarts of water for throe hours; poured into sufficient 
milk of lltne to neutralise the sulph.uric acid; diluted 
with water, filtered, and washed. Tlio filtrate is now 
boiledwithmilkof liine, again filtered,andneutraliscd. 
On concentration the leucine ciystallises out. It is 
purified by boiling with aniioal charcoal and re- 
crystallising. Leucine has been sjrnthcsi.ied from 
isobntyricaldehyde and hippuric acid, whicli yield 
a-benzoylomino-^isopropylacrylio acid anliyilridi': 

CH. CHO + H,C. N: C. Oil. 0,11, 

coon 

CH: Cn.C.N:C. CJl, + 20.0. 

I 

CO - o 

The acid corresponding to t-;c aiLove .-inhydiide, on 
bc-ating with excess of concentrated ammonia, yields 
benzoic acid, isovaleric acid, and leucine. I.cucine 
cuntains an asymmetric carbon atom, so that it can 
exist in the dextrorotatory, the laevorotatory, and 
the racemic forms. Naturally occurring leucine i.s 
Imvorotatory; the synthetic luucine is rac.euiio. 'J'o 
sjjlit the racemic form it is converted into tlie 
benzoyl derivative by the Tlaumann-^'chotteu reaction 
(y.®.) This derivative, being much more st:' >iigly acid 
than leucine itself, canbenniled to an 0 [>tically active 
alkaloid, such as strychnine or bruci..'',j,n i thedextro 
and lajvo salts separ-ated by crystallisation. They 
yield the corresponditig leucines on decomposition 
with an alkail. Leucim- (dhyl ester is prepared by 
passing hydrogen cliloride into leucine in alcohol, 
decomposing the hydEocliloriile by an alkali, adding 
potassium carbonate, and extracthig with etlier. 
As this compound distils unchanged, it can be used to 
purify leucine. On being hc.ated, the ester forms a 
piperazine derivative cjdled Icucinimide, which is 
3 ; 6— di-isobutyl—2 :5—diketopiperaziuc : 

N> 

CH 

« I * 

CH, 

t’'lJ - CO 
FIN < > NH 

CO - c;j 
(■IT, 

1 

OH 

ci^cn, 

a white crystalline solid, soluble in alcohol and 
melting at 

Leocite (JVln.) An aluminium pota.ssinm silicate, 
K,0, A1,0,. dSiOy Alumina=23 -6, sil Lca=."»5, potash = 
21’5, Cubic at 500° C., though at lower temperatures it 
fibows double refraction and other anomalous pro¬ 



perties. White to yellow grey. It is an important 
constituent of many of the more recent lavas, 
especially those of basic or sub-lnsic composition. 
It is allied in composition to some of the felspars,and 
is therefore often referred to as a felspathoid. It ia 
of very rare occurrence in any lavas of earlier date 
than the later Tertiary period. 


Leuoo ComponndB (CTiem.) Colourlesa or only 

faintly' coloured substances, which on oxidation 
yield dyes, and only differ from their oxidation 
j)ro(lncts by containing two or more hydrogen atoms 
in the molecule than the dye, e.g. 


/CpII,^^ — Nil, 

II N\ is 

1\ ^ 

\ CJl/ - NH, 

DiaimdotliiO(ii])heuy]amiue. Para (Sytriamidodiphauyl- 

motatolylniethane Laucuailine. 
Lcuc> rorapnnnd of Louth's The ].cnc<> Comriotmd of 
Violet (v. •'.) KoiiuniUua (g.v.) 

Loncomaines (Chem.) A name given ^ an ill 
defined class of sub.stances obtained from meat 
exirnefs. They are crystalline sulid-s which produce 
vomiting, diarrhoea, and stupor. The commonest 
iiiemlier of the class is called xanf hocroatinine, and 
II has the formula (’,11,jN,0—-yellow leaves, bitter 
taste, basic in chaiacter; sliows the amphoteric 
n action (that is, turns iilue litmu.s red; and red 
ILinius blue). The constitution of the leuoomaimjs 
i.s unknown. 


C,H,NH,(4) 

C„H,NH.(4) 

c,n,.cn.<3)NS,(4) 


Level ilhtild, cte.) fire Ppirit I.'kvkl. 


- {Ciril Lvg.) An open cliannel along which 

wafer flo\v.s, e.g. tl.e Betlford level. 


- (Minhu/). An excav.ilinn, usually horizontal, 

aktug the comse of a vein of ore. 


- (Survpi/hig). An instrument for determining 

the Ti'lative heights of two )M)inls. Usually consists 
of a ti-lesoojK' oa)>able of acciiivito horizontal adjust- 
irmit which is used in conjunotiou with a gradmtted 
St.iff. The latter i.s held .'crtically on each of a series 
of station.s, and.ob.servcd through the telescope. The 
image of certain points in tlie graduation of the 
.‘-taff will coincide with the horizontal crosswire in 
the eyepiece, and the distance between these 
vaiious points will be the difference of level of the 
station^ 


Levelling i^Eng., Surveying, rtc.) (1) Making a 
.surface, liorizont.al. (2) ^laking a surface plane or 
flat. The latter is not a strictly correct use of the 
term, but it i.s commonly employed. (8) In survey- 
ing, the determination of the relative height of 
various stations. 


Level Barface. A level surface may be defined 
as one parallel to the surface of a fluid at rest, i.e, 
one wl ich is ev(*ry where at right angles to the direc¬ 
tion along which gravity acts. 

Lovev (Meehanie.<i). A rigid bar turning about a 
fixed point termwl the I'ULCUUM. A force is apifiied 
(usually transversely) at one point, and by means of 
the rigidity of the material is used to overaime a 
second force or re.sistanoe applied at a second point. 
Tiie first force is usually tenned the PoWBB, the 
second tlm WEiaHT; both terms ate objectionable. 

Lever Box (Sng.) The frame or box in which i« 
fixed the axis of the levers used in controliiag the 
motion of a crane. 
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Lever Esoapament ( Watehet). A detached 
esoiipemont in which the pallets, instead of being on 
the balance stall, are moanted on a separate arbor 
carrying a lever, by the fork of which impulse is 
comranuicated to the balance, and unlocking per¬ 
formed. See alee ItCBY lliN, Escapbmknt, 

Lever Jack A small lifting jack, consist¬ 

ing of a support carrying the fulcrum of a simple 
lever, the short arm being applied to the weight to 
be raised, and the longer arm Ireing moved by h^and. 

—- or Looker Jack {Lace Mannfac.) An inter¬ 
ceptor, used in lace curtain raanufactiire, that is 
brought into and out of action by the positive move¬ 
ment of a Locker bar. 

Lever Safety Valve {Eng.) The form of safety 
valve {(j.r.) used on most stationary boilers, in which 
the valve is kept down by a loaded lever, hinged at 
one end to the casting wlrich caiTies the valve scat. 

Lever’s Machine {Lace Alanufae.) One of the 
principal machines cHijjloyed in tlic making of twist 
lace; invented by John Lever in 1813. 

Lewis or Lewisson {liuiUL) A device attached to 
a hoisting chain for lifting blocks of stone. 

Leyden Jar (AZdrf.) One of the earliest forms of 
electrical OosDBNaBR. Itconsists of a wide mouthed 
glass bottle or jar, the inside and ont.sido of which 
are covered with tinfoil up to .a (jcrtain tlistaiice 
from the top; these ctmlings form the two I'lalcs 
of tlie condcn.scr, siral cun be charged up to a high 
difference of potential by an electliciil maeliiuc; 
wl.tn disc'iiargcil by mouic«it;jril\ coinuxting the 
coatings, a jiowcrful spark may be o^Uained. To 
facilibtte charging and oisebarging, t ic inner coat 
is connected To a metal rod projecting iiom the 
mouth or ojiening of tlic jar, and tfindijot(.d by a 
metal si>lrere. The inner eoatiug is liow often 
formed by a metal lining, or even i>y a suitable 
fjumitity of some c(inductiiig liquid, such as sulphuric 
aci(L 

Li {f'hevi.) The symbol for J-iTHirJi {q.r.) 

Lias {Geol.) 'Jlie lowest subdy'ision <ii the 
Jurassic Hystem. In Western Europeliiest*locks arc 
chiefly of marine origdn, and consist of alternate 
bods of clay and more or less argillaceous linicstcme, 
with some subordinate sandstone.^. beveral well 
detined zones, each clvaracterised hy the occurrence 
witlrin it of some par’ticular species of Animonito, 
form a remarkable feature of these rocks. 

Libenthenite {Min.) A basic phosphate of I'opper, 
4CaO. TjOj. ll.p. Oithoiliombic; in dark green 
crysttds and * massive. Cornwall, Hungary, the 
Urals, etc. 

Libration Vtiriations in the inclination 

of the moon's axis which cause its poles alternately 
to incline towards and recede from the earth are 
called Librations in Latitude. Ubrations in Longi¬ 
tude are displacements at right angles to the above, 
<luo to variations in the moon’s angular velocity 
round the Earth. 

Llob Gate or Lycb Gate {AreJiitei^.) A gate at 
the entrance to a churchyard under I ho roof of 
which the fli'St portion of the Lurial Sen ice can be 
read. 

Lichev Xb {Cotton Afanvfar.') A saw toothed 
covered cylinder at one end of a carding engine, 
about 0 in, in diameter, which takes the cotton from 
the scutcher lap as it is fed, and transmits it to tire 


m 

wire filleted large cylinder for cording; 
termed “ Takes Ik.” A 

Liebeemaraa’B Keaction {Chem,.') There are two 
totally distinct reactions knowtr by this liam^ 
(a) In ordinary chemistry it refers to the Mitroso 
Itcact ion. When a nitrosamino {tee JIITSOSO CoM« 
POUNDS) or a nitrite is added to phonol in conoen« 
trated sul[)hnric acid, the liquid diluted, and an 
alkali added, a beautiful blue to violet coloration 
re.sults. (A) In Physiological Chemistry it refers to 
a colour reaction for albumins. When a pure albu¬ 
min is boiled with concentrated hydrochloric acid, a 
deep blue coloration is produced. The blue colomw 
are not relate^ chemically in the two reactions; itt 
the latter it is probably chlormethylfurfuraldehyde 
which is the cause of the colour. 

Lieblich Gedact (Jftme). Small scale gedact 
(q.v.) 

! Lierae Rib {Architect^ A rib used in Decorated 
1 (Joihic architecture as an oniamerital feature in the 
j rib and {rand vaults. It lies in tlie vaulting surface 
between the ridge ribs ami the ribs springing from 
the iiuposts, and divides the vaulting surface intk) 
I)aiiels. See Ilia AND Panel Vault. 

Lierne Vaulting {Arehitect.) Vaulting contain* 
ing Lierne llibs {q.v.) 

Lievrite {Min.) An iron calcium silicate, 
j II ,t). Cat). 'IFeO. Fo,0,. f SiO,. Orthorhombic; also 
m.'is'ive ; black. Prom Elba, the Harz, Kaxony, Nor- 
! w'ay, the Unitetl States, etc. 

Life {Eng.) 'I’he period during which an object 
may be kepi m actuiil u.-e, or, in the ease of objects 
only used intcrmiilenlly, the number of separate 
I times it may be used. 

Lifebuoy Signal. Sec Holmis’ Signal. 

Lift. An appliance for rai.sing weight.s through a 
vertical ni^tanct!, c.g. from floor to floor in a building; 
it may he !w;tnated by hand or by machinery of 
snme dc.s ription, acting by means of ropes or cables, 
or may be directly connected to the ram of a 
hydr.xulic prei-n having a cylinder of length 
yiiftieient to rai.se the weight the required distance. 

- {Eoundnj). The upi)er portion of a mould, 

which is raised to enable the pattern to be with¬ 
drawn after it has been moulded. 

Lift Bridges {Civil Eng.) A bridge with a road¬ 
way which can be raised bodily from its supports. 
It is a some¬ 
what nnu.siial 
type; the largest 
is iu Chicago, 
where a roadway 
of Bti ft. width is 
carried over a 
span of 130 ft., 
and can bt; rtiiscd 
to a height of 
l.'iji ft. by steel 
cables running 
in vertical steel 
towcr.s at each 
end of the 
bridge. 

Lifter 

rg). A moulder’s 
tool tised for ex¬ 
tracting loose 
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sand from a mould; the term is applied also to 
iron books fixed so as to support the sand in the 
upper or Lift portion of the mould. 

Lifting (FmTidr^. (1) The process of removing 
the upper part of the mould or of withdrawing the 
pattern itself. (2) ITie bursting of the top of a 
mould through the pressure of the fluid metal. 

Llftiiig Blocks. PuLLKY Blocks (q.v.) 

Lifting Plato Iron plates lot into and 

fastened to a pattern; they have tapped boles into 
which inm rods or handles termed Lifting I!ods or 
ScitBWS can be fixed to aid the withdrawal of the 
pattern. 

Lifting Screws (^Foundry), Stv Lifting Plate. 

Lifting Shutters {^Carp. and Join.') Window 
shutters hung on eord.s like sashes. 

Lifting Straps or Irons {Foundry'), Fitrips of 
thin iron attached to a ijattem to serve as handles in 
withdrawing it from the sand. 

Lift Pomp. The ordinary suction pump for rais¬ 
ing water a distance not exceeding •'<() to 32 ft.; as a 
rale, 25 ft. is reg.'irded as the limit. The lift pump in 
its simplcvst form consist.s of a cylinder tittcnl t.i) a 
tube placed in a re.scrvoir of water. A v.alve open¬ 
ing upwards covers the o})cuiug of the tutie at its 
junction with llie cjlinder. In the cylinder is 
placed a piston worked by means of a lever—Hie 
pump handle. The pi.st.on is also fitted with a valve 
opening upwards. VV'licn the piston is raised its 
valve, owing to atmospheric pressure, remains closed, 
the lower valve opens, and air (or water) is sucked 
into the cjlinder. When the pi.ston descends, its 
valve o^iens, and the lower valve closes. As the 
atmospheric pressure on the surface of the water in 
the reservoir is cou'-tant, it ilrives up the water into 
the tube; each stroke causes a furtlier rise in the. 
water level, until ultimately it reaches the spput and 
escapes. & e aUo Pvmps. 

Lift Valve {Fny.) A disc or cup just fitting the 
valve opening or scat; it rises vertically, and so 
forms a passage round its edge. The valves of gas 
engines, most pumpfs, etc., are usually lift valves. 

Ligature C^ypoy.) Tyjie consisting of two or 
more letters joined together and cast on one body, 
e.q. S, fi, ffi, fl, fll. 

Light. That portion of the radiant energy tnirs-- 
mittwi by wave motion through the ether (y.7'.)wlm li 
produces the sensation of sight when it falls on the 
retina of the eye, or wdiich is capable of prrslucing 
an image by its action on a photographic plate, .ste 
also Intensity, JxTKnFEUENCE, Polauisation, 
Ebflsxjtios, Eefhactton of Light. 

- {Build.) (1) A general name for any kind of 

window. (2) The name gi\en to each jx-Tpendicular 
space or division of a window that i.s separated by 
mnllions. 

Light Corburetted Hydrogen {Chen,.) See 
Methane. 

Lighthouse (Civil Fng.) The term lighthouse is 
usually applied to a lofty permanent stnmture 
erected on a rocky or solid foundation in the vicinity 
of some dangerous point of the sea coast. It is 
provided with a powerful light at the top, and the 
necessary accommodation for a staff of men, and 
frequently with bells, syrens, and other signalling 
apparatus. 


Li^tning (Meteorol.) When the air between two 
clouds cliurged with electricity, or between a charged 
cloud and the earth, is subject to an electrical strain, 
and the strain cannot be resisted, a disruptive elec¬ 
trical discbaige occurs, and lightning is the result. 

Lightning Arrester {Elect. Etig.) A device for 
;)rntecti)ig electrical apparatus from the effects of 
lightning. In most forms a conductor connected to- 
eartli is placed in close proximity to conductors 
which are included in the circuit; the atmospheric 
rtiscliarge occurs across tho air gap so formed, rather 
tlian along the main wires of the circuit. In many 
cases this discharge would start a dangerous arc 
across the gap; hence most arresters have some 
automatic device for extinguishing it. Tho earthed 
conductor sonuitimes pos.ses.-^cs a scries of projecting 
points, forming a Comb Arkestee. 

Lightning Conductor {MrUorol.) A broad ribbon 
of copper runuing from the earth to a point or set of 
points project ing above the summit of a building. 
Tl)c base should Ihj connectc<l to a large mass of 
metal or fome other conducting substance buried in 
the eartlu 

Light Petroleum (Cknn.) Ijgroin ( ij . v .) 

Light Railway {Civil Eng.) Lo(*al or branch lines 
con.stnicted m a cheaper manner l.lian ordinary' rail¬ 
ways, and often running along or beside an ordinary 
road. 

Light Ratio {Agtron.) The absolute scale mloptcd 
for star niiiguiluiies {q.e.) 

Light Sunning {Eng.) (1) Machinery i.« said to be 
“light running” when the Iriction at tlie bearings 
is r<;(iuccd to a minimimi. |2) The term i.s also 
applied to iriaehincry when the load or work done is 
much below il.s u-ual value. 

Lights (Painting, etc.) Those parts of a picture 
when* the light appciiirs to i)e most brilliant; any 
illuminated surface or object as represented iu a 
piefnie, Seealxn CllIAKOSGURo. 

Lightship {Civil Eng.) A strongly built vessel 
ancdiored near fhoals or vock.s, and carrying a powerful 
light, tints serving as a liglithousc. It is constructed 
so as to roll as little as possible in rough weather, in 
orflerthat the light may be steady. 

Light YeaF( Ustron.) The unit of dhstaucc adopted 
in stating the distances of stars, .since the diameter 
of tljc earth's orbit is too small to serve us a unit. 
'J'he length of tltis unit i.s about sixty-tliree thousand 
times tile distance of tlic earth from the sun. 

Lignin or Lignine {Botany). Tlie constituent of the 
cell wall.-, of t he elements of wood and liast fibres. It 
is probably a mixture of several coinpomids. 

Lignite A variety of cojil in which the 

vegetable ti.ssues have lost only a small part of their 
component oxygen anti hydrogen, the process of 
conversion being incomplete. &iii under t'OAL. 

Lignum Vita. See Woons. 

Ligroin {('hem.) ' The fraction of American petro¬ 
leum which comes over on distillation between about 
90® and 120®. It consists chiefly of paraflin hydro¬ 
carbons containing from 6 to 8 carbon atoms; and it 
is used chiefly as a solvent for organic substances, 

Llliacea {Botany), One of the largest Mono¬ 
cotyledon orders, cosmopolitan in distribution, and 
varied in habit. It includes the Onion, Bballotr 
< iarlic, an<l Asparagus among food plants; others yield 
fibres, resins, and drugs, while the purely ornamental 
members of the order are very numerous. 
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Limb {JiiroH.') The eilge of the disc of the moon, 
.eun, or a planet. 

Limbos (ArohiPol.') !fhe rim of a orator or ‘wine- 
cup. 

Lime {Botany'^. A variety of the citron {Citi'm 
nu-d'ma ; var. acida ; order, lltdatn'w), producing tlie 
well known fruit and beverage. See Citbus and also 
Woous. 

- (/Viem.) A popular name for calcium oxide. 

■iS^T Calcium Compoukus. it is also used in com¬ 
bination, as in the popular names CiiLOBiun ov 
Lime (bleaching powder, y.v.'). Milk of Lime (cal¬ 
cium hydroxide in water). Quick Lime (caloinm 
oxide), Slaked Lime (calcium hydro.xidc), and 
SurEBPHOflFHATE OF LlME (a mixture of calcium 
acid phosphate and calcium sulphate). 

Lime Blast CZrather Manufae.) A stain on leather 
due to the lime on the skin or hide having become 
carbonated, owing to cxpo.sun; to tlie air or to 
washing in hard water. Fonas dark cloudy stains on 
iiiiishcd le.iibor. 

Lime Blue (Bee.') This is an almost obsolete 
pigment. Its colour is due not (.o lime, Imt to copper. 
The lime is really a liliing. The manufactiini con¬ 
sists essentially in jo’ceipitating sul))!iate of copjier 
solutiim with .ammonia, adding mure ammonia so ns 
to rodissolVC the blue precipitate of cnjnjc hydrate, 
and then gently heating with milk of lime. A pre¬ 
cipitate consisting of .a mixture of calcium suljil.ate 
iind hydrated copper oxule is gradually formed ; 
this i.s tiltcrtd oif, waslied, and dtied at a low tem¬ 
perature. The ammonia may be generated by the 
linio, and to do this sal-arntnoniac is first added o 
the suli'lialc of eo[jper. More milk of lime is then 
required, as calcium chlriride is formed as well as 
sulpliiiti), and takes no part in the formatiojx of the 
pigment, being washed away in the iiltratien. Caic 
must Ik: takiui that only voy modenite Ju at is used 
in making lime blue; higb temjicralnres blacken it. 1 
Tamo blue has the faulKof all copper jugments—rf-. 
being jioisonous and turning black on exposure to 
tht' iiir nf tftwns. Lltramarino is often jiassed off as 
lim»; blue. 

Lime Light. Sc OxynYDKOtJEX Flame, j 

LimestoncB Itoeks, usu..]]y of organico- 

cliemical origin, w liich consist essentially of cat bonate | 
of lime in a solid stiu.c, formed chiefiy in the sea. but 
in some cases also in fresh wafer. Their origin is due 
in laig^e ineasuro to the vital action of animals or of 
plnnt.s, which convert solutions of other lime com- 
]K>unds. e.specially the sid](ha1e, into the carbonate, 
this being eventually left in the solid form. The 
waste products also of these organisms, living or 
de.'uJ, set up clicmieal reaefions upon ihe lime salts 
in solution around them, and thus cause precijiitates 
of carbonate of lime, wdiich are added to the organi¬ 
cally formed constilueuls, and serve, to form the 
compound under I'ousidcrdtion. 

Lime Water (Chem.) See (.’aleiitm Compounds. 

Liming (LeaHur Slanufuc.) To remove the hair 
from skins and hides, they are soaked from one t» 
three weeks in a mixture of lime and wider. 7’lns 
liming swells the skins, .and enables the hair to be 
removed by Imnd or machine. See ahi> LB.\THElt 
Manufactueb. 

Limit of Elasticity. &r Ei.astic Limit. 

Limma (Sound), Tlu- ratio of two notes of 
frequency, KJ and 16, Le. tlm inl.i:rval J“. 

Limoges Enamels. See under Enamels. 


Limonene iStfe Tebfbnbs. 

Limonlte (Min.) A hydrate of iron, . 3H.jO. 

It occurs in mammillated forms having a radiaUng 
structure, or more often in crusts and amorphous 
masses. Light yellow to bla^. Streak always 
brownish yellow. As clay ironstone it is much used 
as an ore. Of very wide distribution. 

Linalool (CJum.) (Dimethyl—3 ; 6—octadien— 
2 : 7-01-6) (CHj), C : OH . OH.,. OHg . COHOH,, 
OU : OH,,. For the name see Komenclatueb. A 
cidouiiens liquid smelling of May blossom; boils at 
11)1°—196° ; it contains one asymmetric carbon atom, 
and itsdextro, laevo, and inactive forms are all known. 
Dilute sulphuric acid converts it into terpinhydrate, 
while glacial acetic acid and snlpliuric acid convert 
it into terpincol. On o.xitiation it yields methyl- 
heptenone and then laevulinic acid (^-t'-) Lkialool 
occurs in many sweet smelling oils, c.(f. free in oil of 
lavender, oil of liualocs (from white cedar of Cayenne), 
coriander oil, etc.; and as acetate in oil of lavender, 
oil of liergamotte, etc. It is best obtained by fractional 
distillation of oil of linaloes. Used in perfumery. See 
also Terpenbs. 

Linarite (Min.) Basic lead and copper sulphate, 
I’bO • CuO. yO„. HjO. Monosyraraetric. ft occurs in 
crystals of a cnara'cteristic blue colour, as the result 
of tlie decomposition of other lead ores. A rare 
mineral. Prom Cumberland. Leadbills, Spain, etc. 

Linch Pin. A pin put through a transverse hole 
in the axle of a vehicle to prevent the wheel coming 
off. 

Line. (1) A matliematical conception, having 
length and direction, but no breadth or thickness, 
(L’) A nauCcal term for the Equator (q.v.) (3) A 
unit of measurement equal to ^ of an inch} now 
raiely used. 

- (Art). Contour, outline, method of rendering 

form, in pi. the word signifies Desion ; the dis¬ 
tinctive features in a de-ign or in tlie composition 
of a picture, ajiart fri>m the colouiing. 

- (Linen Manufac.) The best portion of the 

flax aftiT it is hackleil or cuinbed. Sometimes the 
}>oiiit.s and root enils are cut off, leaving only the 
centre fiortion, which is the most valuable. It is then 
called *• Cut Ijne." 


Linea Elastica (Phys.) See Elastica. 

Line and "Pim (Build.) A long lino attached to 
juin pins. Used for keeping the courses in a brick 
wall stiaigbt. 


Linear Velocity. The velocity or speed with which 
a body moves along a patli 
whether straight or curved, as 
distiugui.slied from Anoulab 
Velocity (^.».) 

Line Engraving. See under 
Encuavinu. 

Linen Fold (Arehdect.) An 
iirnaiiient used on {)anc)^, and 
re.sembling the fohis of linen, 
it was introduced laic in the 
rcrj>ondicul.ar style. See Dorse. 

Linen Manufacture. Linen 
is made from the fibrons inner 
bark of tlie Linum usitoiiss-i- 
miim, w'hcnce it takc.s its name. 

’llie eoniTnon name of the plant 
is “Flax,” from the Dutch 



Linxm Fold. 
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Watch or Carman Wacht. It is {u*obabl]r the oldest 
textile fabric in existence, and vas mnohesteeJned bj 
the ancient Egyptians, who were skilled in its manu¬ 
facture thousands of years before the Christian era. 
drawings representing the various processes of 
manufacture are to be found depicted on their 
tombs, and it was regarded as an emblem of purity 
because it was not eaten by moths, did not rend 
* easily, neither was it furnished by any animal 
subject unto death, as silk and wool w<Te. The 
plant has a wide range, and may be found in the 
bdining plains of Egypt as well as in the frigid 
Bussian climate; but a temperate clinuito is most 
salted to the growth of a good fibre. Tlie plant is 
now largely cultivated, botli for its fibre and seed, 
in Holland, Belgium, France, and Ireland, also iii 
Bussia, where large quantities of a cnarser descrip¬ 
tion are grown. The best flax comes from Courtrai, 
where the. water of the Bjvcr T.ys is particularly 
snited to retting it. A moist temperate climate 
favouis its growth, and when properly grown it is a 
▼ery pretty crop, with its long slender stalks about 
2J or 3 ft, long, terminating with bunches of 
delicate blue flowers. Wlien it is considered ripe 
enough, it has to be carefully pulled and tied up in 
bunches. It is then " rippled ” to clear the seed off, 
and may be either dried and stacked, as on the Con¬ 
tinent. or at once steeped, as is done in this couutiy. 
The steeping or “retting” of the flax consists of 
placing it in large dams of stagnant water, wliere 
the gummy matters binding the fibres togethe.r and 
to the stem of the plant ferment, and are dissolved 
away. This allows the fibrous portion to be easily 
stripped from the stein. Tlic time required to effect 
this varies considerably wdlh the temperature, but 
about ten or twelve thays will usually be sufficient. 
As soon as fermentation censes, the retting process 
should be carefully watched, as it is very important, 
in order to avoid waste in the subsequent processes, 
that the flax should be just sufficiently retted and 
not overddhe. When sufficiently steeped, it is taken 
out of the steep hole and allowed to drain, and 
afterwards spread on grass fields to dry and get the 
sun and atmos]>herc, which completes the steeping 
process, and enables the fibres to be more readily 
separated. This process i.s called "gra-ssing” or 
“ crofting,” and usually occupie.s from six to ten days 
accofding to the weather, fine weather with occasional 
showers being the best. When sufficiently grassed 
and dry, it is gathered up and bound into sheaves, 
lit may then be stacked or taken to the scutch mill 
for “ scutching,” Scutching consists of beating out 
the bone.or stem of the plant and leaving the fibres. 
This is usually done by holding the flax in handfuls 
over upright pieces of flat iron, close to which strong 
Wooden blades fastened on a shaft are rajiidly 
revolved. The handfuls of fliix arc turned till they 
are quite clean, with only the fibre remaining. 
Uany methods have been tried with the view of 
superseding retting and scutching, which are very 
primitive processes, but they have not been very 
successful. When scutched, the fliix is sent to the 
markets, where it is purchased for the spinning 
mills. The flax has now to lie manufactured into 
yam and cloth, and the first process is to comb the 
flas^in order to free it from all short and twisted 
fibres and .separate all bunches of fibres that may be 
stickily; together. The combs consist of a number 
of pins flx^. in a block of wood, and the flax is 
drawn in handfuls over these till it is quite straight 
and clean. The combs vary in fineness; the first, 
caUed a rongher’s tool, is strong, with the pins set 


wide apart, and the yrork is called “roughing.*^ 
The finer hackling used also to bo done by hand, bui 
is now done by macbinoi^ The bunches of flax, 
suspended by one end, are combed by steel combs 
fastened on on endless chain beginning with medium 
coarse combs, and passing on over finer ones till it 
is finished. When one end of the flax is combedr 
it la turned, and the other enU eombed likewise. 
Sometimes this completes the hackling, but mure 
frequently it undergoes a still finer process of hand 
hackling over very fine comlis. This is called sorting, 
as the men who comb the flax separate it into 
parcels of ilifferent degrees of fineness. Sometimes 
the flax is u.scd the full lenprl li of the fibre, sometimes 
it is cut across. Wlinn dressed, the flax is called 
“line,” and it cut it is culled “cut line." Thft 
combings from the line and the ends cut ofl! it ail go 
as tow, and are carded and span for tow yams. The 
Tine is now rearly to be prepared for spinning. 
Spinning JIills are usually divided into“drc.ssing,”* 
“preparing,” “spinning,” and “reeling’’ depart¬ 
ments. Tlic preparing inolmles the various pro- 
ccs.scs neces.s.'vry to make the flax into a “ rove ” 
ready for .spinning. The first thing to be arranged 
is the mixture of llax to bo ased to make a yam of 
the qu-ulity re<iuii od. It is t lien taken to the spread 
boards, where it is spread out in small parcels over¬ 
lapping each other and drawn forward on revolving 
hands to a sot of rollers, which press the parcels of 
flax together, and form thorn into a flat tape 
siiffi'-ientlv liim to hold togeth.-r. At the same tiiuo 
tint the llax is being drami forwards a numlicr of 
small comh.s called “gills” arc made to ri'.e up 
through it, and on the other side of these a second 
set of rollers, revolving more quickly than the first 
ones, draw out t!ie band of flax through the gills 
and make it a liner and moi’c uniform tajie than it 
I otherwise would be. This t.aj)e of flax is called a 
“ sliver." The sliver is now very much thicker 
than wonM he required for spinning into yam, and 
also if spun in this way would innke a very irregular 
thread, the tiucks and thins being caused oy over¬ 
lapping the small parcels of flax w’;en spremling 
them out, and l>y reason of iheso parcels not boing^ 
exactly alike in lliickncss. A thread mado by 
twisting this first sliver would be very irregular in 
thickness, and to overcome this difficulty several 
slivers are next run together (called doubling), 
and are then drawn out greatly in longtli, the 
operation being repeated until the resulting sliver 
is pretty well equalised in thickness. At the 
last drawing anrl doubling it gets a slight twist, 
and is wound on large bobbins in n frame called a 
“ roving frame." This completes the “ preparing ” 
process, and the rove is reaily to bo spun. FLAX 
VAEN is spuif on two systems, wdiich are much alike 
iu principle, though they vary considerably in. 
detail. In both, the spinning is done on the throstle 
or flv' frame, the principal difference being that in 
one case the rove is spun dry, whereas in the other 
it pa.sses through water of varying degrees of heat 
Ijefore it reaches the drawing rollers, according to 
the quality of yarn to l)e .spun. It then passca 
on to the spindles and flyers, where it gete the 
requisite amount of twist, and is wound on a bobbin* 
The firocess is the same when the rove is spun dry, 
but vvlnm spun wet the fibres of fiiix arc more easily 
<1ravvn on each other, and the machinery must w 
arrangi'd to suit the requirements of both case,s. 
When the bobbins are full, they are cleared off 
smd empty ones put on the spimlles by little girls 
called “doffeis.” When wet spun, sometimes tha 
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yam ia dried on the bobbins and used in this 
state for making clotb, but more frequently the 
bobbins are sent to the reeling rooms to be reeled 
into hanks. The reels are large cylindrical frames, 
90 in. in circumference, and 6 or 8 ft. long, 
fixed to revolve in a horizontal position, and a 
number of threads from bobbins set on pins at 
certain distances apart are attached to these, and 
the turning of the reels winds the yarn on them 
from thq bobbins. Every 120 •revelations winds 
800 yards of yam from each bobbin round the reels, 
and this is one “ cut,” and is separated or marked from 
the next one by twisting a piece of twine round it. 
Wten twelve of these outs arc wound on the reels, 
they are full, as twelve cuts make one hank, and this 
is the way the yarn is put up. The hanks are now 
taken off the reels and sent to the drying loft, where 
they are dried on jxiles. After this they are m-ade 
up into bunches of 3, 6, 9, or 12 bandies, each 
bundle containing 60,000 yards of yam, or 16 banks 
and 8 cuts; sometimes, however, there are only 10 cuts 
put to a bhuk, and then 20 of these hanks are required 
to make a bundle. It is by the bundle the yam is sold. 
The finone-ss of wet spun linen yarn is reckoned 
by the tfumber of cuts there are in 1 lb., but the 
fineness of dry spun yarn is usually reckoned by the 
weight of the “spindhi” or “sp.'ingle’’ of 4 hanks; 
thus if a spindle of yaruwoiglied 2 Ih. it would bo 
called 21b. yam. \Vk.\vin(;: l.inen yarn isfretpiently 
woven in t.ie raw or “green” state and blea' hel 
afterwards; but as thercs is a great los.s of weight 
from hlcacliing, the yarn for heavy cloths must lx; 
roduecd in some way liefore they are wovcti. This is 
usually accompli.'ihed by l^oiling in alkalis, w! 'cli 
makes a reduction of 10 to 1.") percent. The weaving 
of linen is conducted much in ttie .'ame way as 
cotton weaving, but the yam will not bear friction 
so well, though it is nmeh .sti oiiger. It lia>' very little 
elastl ity, so that it requires strong maclihiery and 
all friction reduced a.s nnicb as po.s.iihle. S metimes 
the yam is used from the sjiiiuier's bobbins, but 
frequently in tlio hank stjite. It has to be woua<l 
on spools and warped on beams in the Uhual way, 
and then may be run from these on to the wea\o.r‘8 
beam if strong jaarn and in t he green state, otherwLse 
it must be dr(;ssed. •• Dressing ” is brushing the yarn 
over with some sort of a glutinous mixture, such as 
flour pa.ste, to strengthen it, and lay all the loose 
fibres on its surface. Sizing or boiling in starch, as 
is pnicti.sed in the cotton trade, does not do for 
linen yarn. I'he drcs.sing is applied cohl, and all the 
threads of yarn ke.pt sepaiatc and not allowed to 
stick together. The yarn is run on to the weaver's 
beam in the dressing machine. The cloth is t'oen 
woven, the greater portion of it being made into plain 
texture, though twills, fancy textures for towellings, 
and damasks for table linens also constitute a con¬ 
siderable part. A great quantity of unions are also 
made, as they are cheaper than pure linen, but are 
not equal to it in quality or strength. These are often 
termed ” linen,” and sold as su.-ln When wot en, the 
linen is either flni.shed in the brown or loom state, or 
it may be bleached and dyed. It does not take dyes 
HO well as many otlier fibres, and the colours, especially 
rich ones, look rather poor on it; but some shades of 
colour suit very well No fabric bleaches to snob 
a rich pure white, and this, with its durability, 
if properly made, are its premier qualities. The 
linen trade in this country has its principal seats in 
and around Belfast in Ireland, and Dumfermline 
in Scotland. Originally Dublin used to bo thi 
centre of the Irish linen trade, but the trade worked 


.Qortfawards, and Dub|hr has but littlU of it 1^. All 
cloth oiadefrom flux wlinen yam is, bro^l^ Hpeidcbtg^ 
linen; but speaking definitely or in teelmical thrms,' 
only cloth of a plain texture, or with the wnrp and 
weft threads pa'sing over and under each other 
alternately, is called linen.—^T. P. B. 

Linen ScfoII, See Likisn Fold. 

Line of Action. The mathematical line (j’.v.}alongf « 
which a force is exerted. 

Line of Continuation {Miisip). A horizontal line 
following the figures in a figured bass to indicate t|kat 
the precoiUug harmony i.s to be continued for so long 
as tlic line of continuation is placed. 

Liner (ilec.) A sable brush having a sqnare tqp 
and hair about 2 in. long, used by coach ana 
carriage painters fur drawing lines on various parts 
of coaches. The term is also applied to a tool used 
by ikouse painters, made of hoghair bristles set in 
tin ferrules, and usually called. Pitches. Wben 
made with a bevelled edge they are intended for 
drawing straight lines in decoration, and are then 
termed liners. 

- C£n!/.) A tubular piece of metal placed 

inside a bearing, cylinder of an engine, etc., to 
compensate for the wearing away of the original 
surface. 

Line Shafting(A!»y.) The principal shafting running 
through a factory, from which the subsidiary shafts 
(countershafts, etc.) are driven. 

Lines of Force. If a small electrioaUy charged 
body iHiifectly free to move in any direction be 
placed iu an electric field, it will move along a 
continuous definite path, wliicb is usually a curved 
line. The tangent to the curve drawn from any 
point on the curve is the direction along which the 
ch'otric force is acting at that point, and the whole 
line is termed a Like oe Fokce. In a magnetic 
field similar lines of force may be dratyn for th® 
direction along which a single maguftic pole tends 
to move. The main properties of lines of force are 
as follows: (1) They run from a positive charge (or 
pole) to a negative one, always starting from one 
kind of charge (or pole) and finisliing at another. 
(2) They converge or approach each other (though 
they never cut nor touch) in the parts of the.fimd 
where tlie force is stronger, and diverge where the 
foriaj is weaker. The number of lines in any part of 
the field may be taken a.s proportional to the force at 
that place, (ii) The actual number of lines is not 
finite, since we may imagine a line running through 
every puint in the B]>ace occupied by a magnetic 
field; but we may adopt any convenient convention 
connecting the number of lines and the actual 
electric or magnetic force at any point. This is 
settled by the units cmploved. The accepted system 
implies that both unit polo and unit charge corre- 
sixmd to 4Tr* lines of force, magnetic and electric 
respectively. From this it follows tliat tho electrical 
force at a point in air is equal to the number of 
electrieal lines of force passing tiirough a unit area 
surrounding the point, and at right angles to the 
lines, the same relation being true also for a magnerio 
field. If the medium is not air, its HPBciPio*lM- 
DUCTIVE CAPACITT (ye.) or PEBMEADILlir (y.e) 
luis also to be taken into account. (4) The Unes are 
everywhere at right an^es to the EquipotbhtIAL 
Sl'Bpace.s; hence electrical linos of force endhig on 
or starting from a conductor always out Its Hfiiface 
at right angles. (6) The arrangement of the lines is 
affected by the nature of the medium through which 
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thej ran. If a portion of material which has a 
higher SPBcmo iNDircTiva (TAJPACIxy than the 
surronncling material be introduced into an eleotrio 
field, lines of force crowd into it from other parts of 
the field; similarly the magnetic lines crowd into 
materuil of higher Permeability (q.v.), such as 
iron, when placed in the field. 

Lingoes {Sili Manufae.') licad drawn ont to a 
form of wire or cable, cut into lengths of 7 to 10 in., 
varying in weight from 12 to 80 to tlm pound, and 
attached as weights to the lower ends of conplings 
carrying the Mails in Figuhed Harness (f/.r.) 

Lining, Harking, »r Setting Out {Eng.) Marking 
on a casting, etI'., tlie principal points, centres, and 
lines from which the dimensions of the finished work 
arc to be measured. 


Lining Paper {.Dm.) A white paper for hanging 
on walls and ceilings, as a foundation for the pattern 
paper. 

Lining Papers {Bind.) Eec End Papers. 

Linings {Join.) A gcueml n.ame in joinery for tlic 
internal work, finishings, etc., in a building. 


- {Mrf., etc.) A coating of various refractoiy 

malerial-i, such as fireclay, whiclj is placed over the 
inner surface of futn.'ujc'-', foundry Ltdles, etc., to 
prevent their destruction by fluid metal. 

Link {Eng.) (1) Any connecting piece in a 
m.achine. (2) The slotted bar connet ted to the ond.s 
of theecccutiic roils in Lintc Motion' [q.v.) 



Link Motc 


- {Snrvcging). See ll lJUHTS AN’i) MEASURES. 

Lin k ing Up {Eng.) Se lilN'K MOTION. 

Link Motion {Ltig.) The reversing device uscil 
for wovsing the .diile \alve in locoiuotivc.=>. luaiitic 
engines, etc. The valve rod A, one end of which is 
attached to 
tUe sliile 
valve, termin¬ 
ates at its 
other end in 
a block B, 
wliich slides 
in a slotted 
Link ci>. To 
the ends of 
this link are 
connected the rods e and!', to the ends of which arc 
fixed the Eccentrics h and k (y.r.) The link ci) 
can he rawed or lowcrc.d by a system of Icver.s 
attached to the link, so that cither the upper 
eccentric rod e or the hAver one f is in line with 
the valve rod A. Either eccentric can thus bi* 
made to drive tbe valve lod, the idher one merely 
producing an oscillatory motion of the link which 
does not affect the valve rod ; and if the two ec¬ 
centrics are so fixed tliat they drive the valve in 
opposite directions (iclativcly to the %troke of the 

f uston), then the engine can be rever-sed by raising or 
owering the link, so that either i; or F i.s in line with 
the rod A. In thepo.sition sliown, termed Mm (iKak, 
the valve renmins at rest; by setting the link in an 
intermediate position, with the lilock B between the 
middle and end of the link, the time of cut-off, and 
therefore the expansion of the steam, can be varied; 
this is known as Linking Up or Notching Up. In 
Gooch’s Link Motion the link is fixed, and n is 
connected to the valve rod by a hinged connecting 
rod: in this form the link ci> is curved in tlie 
opposite direction. Jn Allen’r J.ink Motion a 
hinged valve rod ia also used; when reversing, the 


link and the connecting rod are each moved in 
oppo.site directions: in this case the link CD is 
straight. 

Linotype Composing HaoUne. See wider Ttfe 
Betting Machines. 

Linseed. The seed of the flax plant; much used 
for feeding cattle and for making linseed oil, linseed 
meal, etc. 

Linseed Oil {D^c., etc.) The oil chiefly used by 
painters and ilocorators. See Oils. 

Linstock {Arms). A pike, generally with branch¬ 
ing arms on eiiher side, -.haped to hold tho lighted 
match for firing the cannon; it also served the 
cannoneer as a weaiion of defence. The Imslock w’as 
used first in the sixteenth century; it sometimes 
coiiiiisted merely of a slaff with a jioinled end, for 
sticking in ;t deck or in the ground, the other end 
being fni-liiuueil to hold the match. 

Lint. A name frequent lyapjdied to flax or the flax 
])liint : aksii lincu sttraped into a soft substance, used 
for dressing wounds. 

Lintel {JiuiM.) The horizont.T,l member of wood 
or .stone forming the tup or liead over a door or 
window' opening, and supporting the masonry or 
brickwork above. 

Lion {Her.) The lion ranks first among the 
■■inimals used in licraldrv, and apjjears on many 
Royal shicliL. It is blazoned iu numerous attitudes, 
eacl: bciiring a particular appellation. The teeth 
and claws aio eall' il their ‘•arms”; they arc gene* 
rally armed gules unless othc.rwise .specified. 

Lioncels (//rr.) When more than three lions are 
borne on one .shield thej are called “ lionccl.s.” 

Lion Combattant ( Her.) Tw o ramp.ant lions placed 
facing cacli othot ; when back to buck they are 
ADDOR-SEtJ. 

Lion Coiichant {Jfer.) At rc.st or lying, Tlie four 
leg' 'irctci.ed out on the ground hetid erect, facing 
dcxtcr.s. 

Lion Coward ( Ifer.) As passant reguardant, but 
vvitli tail between his leg.s. Tlie crest of Arthur 
Tudor rrince of Wales vas a lion coward. 

Lion, Demi Hampant. The forequarters of a lion 
with tlie up 2 »cr jiorlton of its tail. 

Lion Dormant {JTer.) Asleep, head resting on or 
between Coreqiaws, which are extended on the ground. 

Lion Passant {Her.) The jmsition of the Hon 
yvhoii walking towards the dexter. Three paws on 
t'lC ground, the fourth (dexter forepiiw) raisi-d ; the 
tail curved over the back, and head looking straight 
in front. 

Lion Passant Guardant [Tier.) Similar position 
of body to pas.-aiit, Imt with head facing spectator or 
affronte. S-e J.hopabd. Old armorists term the 
abov e a Leopard. 

Lion Passant Hegaardant [Her.) The same as 
))ass.'iijt, but w'ltb the head turned, looking back 
towards the .sinister. 

Lion Queue Fonrehee {Her.) Having two tails, 
or tlouble queued. 

Lion Rampant {Her.) Stands erect on his hind¬ 
legs, with one of his forelegs elevated above the 
other; the tail is also elevated and the hcail in 
profile. The red lion in the royal arms of Boolland 
is a lion rampant. 
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Uon Eampant Goavdant (ZT^.) Similar to ram* 
-pant, only tne head placed affronts— i,e. with the 
face towa^ the spectator. 

Lion Rampant Reduardant (Her.) The same 
position as rampant, but with the head turned back 
■or 6 ontoum 6 —t.c. looking behind him. 

Lion Salient (Her.) In the act of leaping or about 
to spring, hindlegs together on ground, forelegs 
together extended. 

Lion S^ant (Her.) A lion sitting on his haunches, 
head erect, facing dexter. 

Lion Btatant (Her.) Standing on the four feet, 
tbo head in profile looking toward.s dexter; tail 
extended. The crest of the I)uke of Nortliumberlarul 
is a lion stalant. 

Lion Btatant Guardant (Her.) The .same as 
statant, but with head alfumtc ; fail extended, as in 
the well known crest of tlio Jloward.s. 

Lip ( Eng., etc.) (1) The bent mouth of a ladle, 
etc. (2) A point or other piirt of the cutting edge of 
various tools. 

Llparite ( (feel.) A semi-crystalline reck of the 
typt) emitted as lava from ilm prineijial volcano of 
the Lipari islands. It ugn cs in chemical composi¬ 
tion with that of the granitts, and, like that rook, 
normally contains alkali felspar (u.sually Ortliocla-c) 
and sofho free quartz. It-. !;ighly cellular (or frothy) 
varieties form I’UMlCi:, while its eoiupacl vitreous 
varieties arc distiiig<iis!icii as Owsii>iAX. l‘hvgioclase 
felspars, and one or more of the ferro-niagnesi.an 
silicates, such as Biotit<' or Hornblende, may also be 
jiresent, but in small proportion to the rest. 

Lipase (Chem.) An enzyme which occurs in frc.sh 
liancrcatie. piice, in eastor-oil seeds, lin.secil. jvppics, 
etc. It has the property of resolving fats into 
glycerine and fatty acid, also of hydrolysing many 
other esters. Its action ha-i been shown to Ihj re- 
ver.xihle; it can bring about the reunion of the 
alcuiiot and .acid to n-producc the ester. 

Liquefaction of Gases (H/ti/n.) ,\11 the gases, 

with the po.ssililo exception of certain newly dis¬ 
covered and very rare e]enieiit.s, can now bo liquelied. 
The essential feature of the rnethotls in use consi-'ts 
in subjecting the gas to a s-nHiciently low tempeia- 
tnre. Carbon dioxide, which can easily he liquelied 
by jiressure alone at oidinary temixiratures, since its 
critical temperature (^.v.) is .31“(’., is commonly used 
to furnish one step iu the production of cold. By 
allowing the liquid dO, to evaporate rapidly, solid 
CO. can be obtained, which, when mixed writii 
onlinaryether (ijr.i'.), forms a liquid whose tcmiieraturo 
falls to — 77“ C. If a vessel full of ethylene O/.r.) i)e 
immersed in this liquid, the gas becomes lif]uefied, 
and the liquid ctlivlene, on being allowed to 
evaporate, falls to a temperature of about — 15(PC. 
To obtain the still lower tcmpor.atures neci-ssary for 
the liquefaction of oxygen and iiitrogon, a “ regeneni- 
tive ” method is employed. The gas is eompressfcl in 
a receiver which is strongly cooled ; a stream of this 
gas is allowed to flow through a coiled tube 
surrounded by a jacket, the outside of which is 
mainl-ainod at a low lemperjvtiire. At tiio end of 
tlie spiral is a sulall outlet, Hie size of which c.an he 
regulated by a valve. As the gas escapes fixun this 
orifice it expands, and in so doing becomes cooled. 
It then flows up through the jacket, and still further 
cools the spiral tube. Thus the stream of gas flowing 
through the spiral liecomes colder and colder, until 
at last it Is cooled down to its point of liquefaction, 


and drops of the IJqnid collect in a vessel placed 
beneath the outlet at the end of the spiral. Still 
lower temperatures may be obtained by atilising'ibe 
rapid evaj^ration of gases liquefied by this method, 
and hydrogen may he liquefied and even solidified. 
It is believed that if liquid HsLitiM (q.v.) could be 
pi-odnced in quantity, a temperature within 6 “ 0 . of 
the absolute zero could be attained. 

Liquid. A liquid is a Fluiu ( 17 .V.) which is dis* 
tinguished from a gas by the fact that it occupies 
a definilo volume, wliatever be the size of the 
vessel in which it is contained, and it always pos¬ 
sesses a definite surface, which is horizontal when 
at re.st. 

Liquid Driers (Den.) See Dbikbs. 

Liquids, Elasticity of (Phye.) Liquids show 
VoLUMK Ei.ASTi<jriy only (q.v.): tiiat is, they do not 
ofl'er resistauco to forces tending to change their 
shape. See E 1 .ASTICITY OF Volume. 

Liquorice (Botany), A demulcent drug derived 
from the fresh or dried rhizome of the plant 
(flyeyrrhlza glahra (order, Legyminosaf). 

Liriodendron (Botany). L. iuUp^fera, the tulip 
tree, belongs to tlie Magnoliaecrr. It is a native 
of Korth ‘America, and i.s of value for its wood. 
See Woous. 

Liroconite (Min.) A hydrous basic aluminium 
and coip(tcr ar.senate of very oomplex composition. 
]Monosvuimetric. Of a beautiful blue green colour. 
From (’ornwall, Hungary. 

Lisiere (Silk Manvfae ) Sec LiziEB. 

Lissajou’a Figures (nSlouttrl). Figiirc.s produced 
ny a spot o; light, alter reflection from two mirrors 
whifh arc describing simitle harmonic vibrations 
along tw'o paths at riglit angles to one another. The 
luirrois are usually fixed to the tips of two large 
tuning forks, .and the spot of light is either allowed 
to fall on a screen or observed llirough an eye-piece. 

Listel (Architect.) See Fillet. 

Listing (Textiles), See p^selveuge. 

Litharge (('hem. and Bee.) A common name 
for lead monoxide. Se-e Lead CoMFOUJfDS and 
Dinuits. 

Lithia Mica (Min.) A syndnym for Lepidolitb, 
(?•'•) 

Lithium, Li (f7Aew.) Atomic weight, 7. A silvery 
white metal; melts at 180“. It is the lightest solid 
known (sp. gr. '59); bums with bright white flame 
on being lieatetl above its melting point in air; 
water converts it into the liydroxhle, hut much less 
(uiergctioally than in the case of sodium or potas- 
smm. Lithium has a characteristic sijcctram con¬ 
sisting of one line in the red, and one w'cak line in 
the yellow; by means of its spectrum a quan- 
lily of lilhium le.ss than nririfftro milligramme 
can be detected. On account of the extreme 
delicticy of this test it Ims been shown that lithium 
is a widely di'^tribnted element—thus, it occurs in 
seawater, in many mineral springs, in the ashes of 
many plants, e.g. in tobacco jish. The chief minerals 
containing it are tripl’.yline (q.r.), pctalitc (q.v.), 
lepidolite (q.r.), and spi'dumcne (q.v.) The metal is 
obtained from its chloride by electrolysis either of 
tlio fused chloride or of its solution in pyridine, 
using a carbon anode and an iron or platinum 
cathode. Lithium belongs to the same. group of 
elements a.s sodium and potassium (Group I. of the 
Periodic System). Its salts bear a general resemblance 



to 'tiuMtt ctf lodimn and potauimn, the xooce notable 
(^ereiiDes being aa foUovs: its ohloride is strongly 
deliquescent^ its salphate does not form an alnm, its 
oartonate and phosphate are far less solable in water. * 
latiiinm salts (carbonate and citrate) are used in 
medicine for gout, because lithium biniate is a fairly 
solable sah. 

Lithography. The art or process of drawing or 
writing on a special kind of stone, or transferring 
drawings, designs, or writing to such stone, for the 
purpose of reproduction in ink. The process was 
discovered by Aloys Senefelder at Munich about 
1798. Lithographic stones consist of a compact 
homogeneous slaty limestone, presenting a very 
smoow surface when polished. Suitable stones arc 
obtainable from many countries, but the best come 
from Bavaria, the country where the discovery of the 
process was made. When the design has been pro¬ 
duced upon the stone with special ink or chalk (or 
transferred to the stone), the surface of the stone is 
etched by means of a mixture containing about two 
parts of nitric acid, the ink or chalk design being 
unaffected by the etcliing medium. The result is 
that the design is elevated above the surface of tlie 
stone to an almost imperceptible degree. The next 
process before printing is the removal, by means of a 
solvent, of the whole of tlic material employed to 
effect the design. The stone is then wetted. The 
iasign is unaffected by the water and is capable of 
receiving printing ink from the roller, whereas the 
etched jjortion when damp will not take up the ink. 
The desired impres-sion can then be obtained by 
passing tiie stone through the press. Chromo- 
UTHOGBATHY requires the employment of as many 
different stones as tliere are various tints or colour.>, 
one stone being printed from after another upon the 
same sheet, the whole of the printings when com¬ 
pleted fitting and blending together and giving tl.e 
required result. Much success in colour printing 
lias recently been obtained by Algkapiiy, a proccs.s 
in which alnmininm is snbstitutcd for the litho- 
giaphic stone. 

Lithopone (J5ac., ftc.) The name given to a white 
pigment of Continental manufacture, of which Orr’s 
ainc White {q.v.) is the prototype. Also spelled 
Lithophokh. 

lAtmaa iChem.) Bounded or cubical bine granules 
consisting cliiefiy of chalk and gypsum, and contain¬ 
ing only a little of the real colouring matter. The 
colouring matter occurs in various lichens {lioceella 
tinctoria) which grow in Norway, Kweflen, the L'anaiy 
Islands, and on the shores of the Mediterranean Bca. 
The lichens arc dried, powdered, and allowed to 
ferment for several weeks in presence of urine or 
ammonia. Luring the fermentation a suli^tance, 
Obois, is formed, among many others. The orcin, in 
presence of air and ammonia, forms Obcktn, wltich 
yields litmus by farther fermentation in presem'o 
of ammonia. The colonring matter so obtained 
is mixed with chalk and gypsum. Litmus is 
a miztnre of substances, the true colouring agent 
being a substance called Ajsoltthmis, of unknown 
constitution. Azoiithmln is a dark brown amor¬ 
phous solid, sparingly soluble in water, insoluble 
in alcohol, soluble with blue colour in alkalis, in¬ 
soluble in strong acids. Jt can be prepared from 
commercial litmns by extraction with cold water, 
acidifying with hydrochloric acid, and evaporating 
with sand to dryness. The dry powder is spreacl 
upon large filters, and washed snocessivcly wdlh hot 
and cold water, and again dried. The dry powder is 


now wa^ed with' hot wat^ ctmtaising a tittie- 
ammonia. The solution, which now contains the. 
azoiithmin, is nentralised, and it is ready for use. 
The azolitbmin can be obtained from it by diluting 
and acidifying with sulph’vio acid, when the colonr¬ 
ing substance is precipitated. Good litmus solution 
is a very sensitive indicator for acids and alkalis; 
but alkfdine carbonate must be titrated boiling, so 
that carbon dioxide, which reacts acid to litmus, 
does not remain in solution. Litmus solution keprt 
in closed bottles changes in colour, owing to the 
action of anurobic bacteria; it regains its colour 
on access of air, or will retain it in a closed bottle 
if a little thymol is a'lded. Litmus jjapers are pre¬ 
pared by soaking unglazed paper in litmus solution, 
rendered just alkaline for blue papers and Just add 
for red papers, and afterwards drying. 

Litre. See Wrights and MBAsruES. 

Little Masters OM), Tlie term applied to a 
group of'Gcrrniin artl-ts of the sixteenth and seven¬ 
teenth centnric.s, so called from the smallness of the 
prints they executed. 'They were chiefly influenced 
by Diirer, and included amongst their number 
AJdegrever, Burgkmair, and Altdorfer. 

Littoral Conditions Cffeol.') The geographical 
conditions which occur in the zone extending from 
high water mark outwards to a depth of a few 
fathoms. It is generally understood to refef to the 
marginal zones of the sea; but it is not infrequently 
applied also to the marginal zones of lakes. The 
Littoral zone is u.sually regarded as the belt over 
which marine life is most fully developed, and it 
.also coincides with the chief zone of marine 
cro.-.ion. 

Littoral Deposits {Clenl.) Bock materials which 
have been formed or have accumulated close to the 
shore line, in c.outradistiiiction to I’Ki-AGiO or 
Tjialassk! deiaisits formed under conditions of 
deerar water. Tlioy are usually either sands and 
gravels, or else their compacted equivalents, sand- 
.stone and conglomerates. Tht y arc generally ebarao- 
torised by containing the vestiges of shore animals 
and plants. 

Lituus {Areherol.') The staff or wand, with one 
end curling round, u.scd by Homan augurs. The 
prototype of the bishop’s crozier. 

Live (Ele.’t. Eng.') A conductor is said to be live 
or alive when g, current is flowing in it, or when it is 
at a high potential. 

- (Eng.) A moving part of a machine is some¬ 
times termed live or alive in contradistinction to tlie 
fixed parts. 

Live Load (Eng.) A weight or load on a struc¬ 
ture which va.rics cither as regards amount or position. 

Live Ring (Eng.) A circular channel under a 
Turntable (g.v.), in wiiich are a number of rollers, 
called Live lloLLEits, which sui^irt the weight of 
the table, and thu.s form a kind of large roller 
bearing; a similar device is used with large 
revolving cranes. 

Live Steam (Eng.) Steam which has not been 
expanded, as dislingylslied from exhaust steam. 

Lixiviailon (Chem.) I'lie process of extracting, 
by a suitable solvent, the solnble product of a 
chemical change which has been effected in a sub- 
.stance nr mixture of substances by heating to a high 
temperature. The solution obtained is often chilled a 
Lye. For an example tee the Leblanc Process, under 
Alkali. 
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LUtf, UslMNk or Bd({e (Silh Manufoo.) The 
eriredge ol a olow> sunially made either groa ur twiU, 
and waxped on a bobbin separate from warp toll. 
It is frequently etiiped in a sperial arrangement of 
oolouts, by which oertsip qualities and mike<i of 
cloth are known. 

Load iMeef. JEng ) The output, in watts, required 
from a dynamo or other met tiualplant oi machinery, 
ijf the ekctiioal power which the plant is require d 
to fnrnish to the circuit which it supplies 

—— (J&«y) (1) The weight suppoited by a 
ptiucture (-i) The power fmnishcd bj an engine, 
etc , under anv gisen cireumst ince s 

Load Carve Lnq ) A eun ^ showing the 

totil power furnished at coeli {Miiod oi instant 
tluonghout the daj. 

Loading. A te rm signifs ing tlu leld tion of e hina 
ela> and other niinonls to pulp in older to produce a 
papui suitable for punting illustiatious, i.i. an Aki 
P Vl’lTB 

Loadstone, LonrsTOM 

Loam (Umld ) A inittun of ■'iiul .ind el i} 

- (loundn/) A tuixtuii of sand, <1 va, mil 

‘ouip mattnal ut a fii miis n ilun , use I for toil iiig 
( les or forming moul Is b> fl< use of ilonn bniel 
01 striking bo net, iiiste td of by the use of a pittein 
(>« isiOBilly a L >\M PAriiitN is nude and used 
instead ol an (idjiiatv wi odtii ]ntttiu, this pio 
Ciss IS us^ d 111 till else ot 1 iig*. i)b)t (ts ol (iienlii 
ttctun and the pitte-in is tornu 1 in much the s ime 
way as a e ore 

Loam Board (I'ounifjy) A bon 1 vilnsp eilge is 
cut to the I out ut or mtline of s nut e islin,,, it is 
ust*d lot ioiiningacure IjuitinduUl oi lotiuj ittiiii, 
in lieu of Using i wooden pittein A stinplt eeliu 
dll a] eastinj, laigc iron jnpnijr, etc e in be in mlh 1 
in this wai the e tu iHingioiiui 1 sidiiUiIa ind 
luscrtcel in tlu enlnuriwis Aloim i mid lez-cjmii s 
to 1 h* elxicel aitilJLiallj be fore the met el is pi un el. 

Loam Brick (/lo<we/yy) A 1 lo k ot diu 1 lotm 
o«e‘el m building u}> the Higer poiti ms of a hum 
luoiild 

Loam Mill {Fvmliy) A kind ol mortar mill 
used in the* louiieln toi „iHiding and mixing loam 

Loam Mould (^t'wruhy') Stt I.uA\i atui Loam 

Bo ABO 

Loam Pattern (/(iMwefr//) Hi Lovai. 

Lochrian (, l^teser) .See Moms 

Locker. A si tong box, ebest, or c irapirtment 
sci-ure'l be a loek, a smill cupburd, csjieciilly one 
uudt 1 a se at 

Locker Rack (f'ni/ Eng ) Ste Moumain I14Il 
ways 

Lod( Hut {Eh/J ) A tl 111 miviliarj nut scicweel 
on tlie top of an oidinarj nut to proicnt the iattei 
from working leiose. 

Look Bail {Jam ty) Jlie rail eif a door on which 
the loe k is lixcel I sually the niieleilc rail 


Looks JJng ) A dciu e use d foi transfeiiing 


a vessel between 
two iiarts eif a 
stream, e.aual, oi 
harbour, at difFei- 
ent loAOls. 1 wo 
look gates, A and 
B. etjolose a space 
B, w hose bottom is 



Locks 


tiOte 

on a letrel with the’ lower part of the !Po> 

pass a vessel from 0 to n, it is first admitted bjr 
openiug the gate A, the water being made level id it 
tmd 0 by a sluice in A. The gate A and the slmoe 
are closed, and a sluice in b opened until the water 
in B is level With that in V, when the vessel cao 
luss into the upper chinnel Locks arc always 
used when there is an ad< quite supply of water in 
the ujipci pnrt of the c hanne.1 

Lock Saw (Ca/p ,et( ) Sre Kbyholb saw 

Loco (Eng) A common abbicviation for IjOOO* 

MOIIVL 

— ( Mnin) In the pitch as written, used after 
f.v» „r x''“ bissa, to show tn it the written pitch is to 
be* icsumed 

-, Loco Plant, Loco Weed (Jiotanyy A 

leguijiilions phnt (i peeusef ler9rfe/a/ee«, found in 
tiie west iiiel south-wc 1 of the 1 iiiteel ktates. When 
e lie II by c ittlc it causes low an affection of 

the bi till. 

Locomobilo iMotor Car<) A name given to a 
bt,ht t > iss ( f stt im ( dTs oi \mciici.n make. 

Locomotive (J-o/) I snally ,i railway engine, 
ils aoplim to tl w lion ♦ ngmes (y r ), < eitain loinis 
ot mofen t »r (tsjjjcidlv steam ciis), inel to elcctne 
molois mountc I on an inlcpcndent ichiclo for 
draw ill., eleitjic tiains 

Locomotive Boiler (E}ig ) fiee BorLtBS 

Locomotive Crane (Eng) A ]>ow ci cr me capable 
of luiiiung il ng i lim ol lails piopelUd by its own 
Clinic • 

Loculus, 7*7 Loculi (A?c7(/raO A small ehauiber 
OI H Is- i» an lent tembs loi the rcicption of a 
bolv Ol ill Ulll Nf ( \l\COMB 

Lodes ((fill and VniiHg) Oiiginalh a Coimsh 
mine IS t I in foi imuci<il leiiis eoiitaimng one oi 
nine oi the oies of the metals, mtl n )\\ use el in that 
senst eijiril]> The lolcs usinllj eeeupy tho intci- 
ve ning sp ice tietwi < n the oj posilt w.i]ls o "chef ks ” 
rf 1 tissuie. In nt irlv .ill cases this tissuie eoiisti- 
lutes part of limit oi disloi ition, of the countis 
loe k on one side lelitive to tint on the otliei Tin* 
01 <s, iml their ace >mpan\iug guiguei or “iidtr,” 
usuilly occur in .i veiy intgiilu and speindic 
maiiuei thioughout tie height and*Itngth ot the 
I )elcs, inel t eir extent in a longitudinal diiection 
goiici ill} mue h exc f els tint from below upwaiels. 

Lodestone ar Loadstone (Fltct)' The natural 
magiii.t, consisting of the oxide ot iron, oi 

At xtiN 1 ilTL (e/ ( ) 1 he w ell 11 jclestoue moans “ le ad- 
ing stme,* from its power ol acting as a com}ass 
ne eel'e. and “ lo idstonc is an me oir, e t spelling 

Lodgings (//ye/nae) &< IloisLs llt u; Losq- 
INGs 

Loess (Giol) A geologic all} recent dejiosit of 
loam, eieeurung o\tr wide iie is in some ruits of 
Luropt, anel on a still more exte nsive stale in China. 
In t ho 1 liter countiy the lee ss appe ais t > boa tle*poxil 
which his aiiseii fiom the 1 ui., continued eUpositmn 
of dust traiispoiti'd lieimekseit r*.,! ms by tho wind. 
It IS considiied bv mam jiersons tl at the Eu'opoan 
laiess IS due, in like m innoi, to eliisi depouted under 
[« stopiH* conditions. The bii k ea.ths of tho south* 
eist jt Lnglinel aio siqipote d bif many to have been 
loimod in this way , but the fact that they contain 
large bouldeis, and show ovielenco of ciumpling, such 
ns IS piudueoel by fiuating ico, seems to render that 
view untenable. 
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Log. A L'^'gabtthm (fj.v.) 

-( Gzfp., etc'.) A large piece of timber, either 

in its original shape or roughly dressed by ihe 
but not sawn. 

Logarithm. A Common Logahitiim of a number 
is the index of the power to which the number 10 
must ije raised to give the number; thus 10 must be 
cubed or raised to the power 3, to give l.tXK); hentu* 
the common logarithm of 1,000 is 3. Tlie number 
10 is called the Bash of the common logarithms, 
NATUBALorN’APtEUiAN LoctARiTHMS are caleulatcd 
to a different base, the scries denoted in mathematical 
books by c. The sum of this series is 2’71S2S . . . 
The natural logarithm of :i number can bo found by 
multiplying the common logarithm (taken from tables 
of logarithms) by 2‘:i025!:t. 

Loggia (Arc/tif' ct.) An arcade on the facade of 
a building, forming a gallery open to the air on 
one side. 

Logotype i.Tyjtofi.') Two or more lettens in their 
normal form, or Miuieiime.s a word, cast on one body. 
Cf. LIGATUKE ( Typmj.) 

Logwood {llotany'). The dye stibstance TI.ema- 
TOXYtiN (f/.P.) is i'ouiirl in tlu; licarrwood of the 
stem of Jltfmatoxylon lu-chifiniim {Lnjumintisce). 
Sc(t also vndrr I)ye.s and Diejsg. 

Long (Muxir). Sfc XoTitS. 

Long and Short Work ^Architect.') The name 
given to the ashlar quoiu.s 
used in,the rubble w.'illing of 
Anglo-Saxon work. Tlie quoins 
were formed of flat and nprigbt 
courses alternately. Si-e Block 
AND STABT. 

Long Colamn [Kny.) A 
coltinm of matcri.'il whose 
length is more than twenty 
times its diameter. Such a 
column gives way by hfuiding, 
whereas a short one gives way 
only by crushing. 

Longitude, Celestial axu.«^ noBx Wock. 
(^Antrim.) »Si’f Latitude AXD Loxuitude, Celes¬ 
tial. 

-, Libration in (^Axtrnn.) l^e Libkation. 

Longitudinal Elevation. A .-i<1e \icw of a 
strueture. 

Longitudinal Section. A view showing a section 
thrfmgb an object from ml to end. 

Long Letters {Typoy.) I’A'iters extending above 
or below the .•dignment of the small letlir.*,, e.y, 
b, f, g, h. 

Long Primer {Typng,) 'J'ypo of a size between 
small pica and bourgeois. .SV-e Type. 

Longwall System (Mining). jSStt Mining. 

Loofah (Jiolany). Tlte loofah, ti.*-ed as a natural 
flesh brush, consists of the vascular network of tlie 
fruit of a pla.it of the ciicombijr family, iMJlfa 
eegyptica (older, ('ucurhUid'ea:). 

Loom. The machine used for combining and inter¬ 
lacing the warp aiid«we£t threads so as to form cloth. 
Each loom is fitted up to suit the particular clas.s of 
work required—that is, either with a tappet, dobby, or 
Jacquard shedding motion. A loom with <»nc .shuttle 
box at each end of the eley is called a plain or stripe 


loom, and would only admit of one colour or thick¬ 
ness of weft being inserted with the waip. This 
combination would be called a plain or a stripo cloth, 
according to the weave. Home looms are fitted up 
with more than one shuttle box at the end of sley, 
and arc termed multiple box or check looms. These 
are capable of producing various coloured patterns in 
the cloth, known as check dlolhs. A loom is lightly 
or heavily con.structed to suit the class of work which 
it is required to produce. The hand loom is very 
bk-hlom used in the cotton trarlc, except for jjattern 
woa\ing and experimental purposes. Power looms 
are worked in fac-tories pj incipally by steam motive 
power, and for good working a steady motion is 
refiuLsite, The jjower loom is automatic so far as 
reganls its essential movements for the production 
of cloth, which are : (1) Opening the shed or making 
a divi.sion in the warp threads for the shuttle 
to pass through; (2) picking tlirough the shuttle, 
which carries the weft; (.3) beating up the weft. 
The first is aceoinplibh(‘d by the shedding motion; 
the second by the picking niotion.s, wliich arc of two 
kinds— pit. (a) overpieks, (b) underpieks; thts third 
by the crank and sley each time a piek of weft is 
inserted Inr the shuttle. Auxiliary motion-s in the 
foiin of taking up and weft stop motions are also 
attaclied, tbeso being absolutely necessary for the 
piodueiion of perfect cloth. Th<' taking up motion 
automatically regulates the idosenciis of the weffc 
threads or pick.s as the cloth is woven, and to a 
certain extent determines the quality. The weft 
stop motion immediately stop.s the loom if the weft 
in the shuttle break-s or b<'ComeB e.xhausied befcTC 
the weaver perceives it. The reeogni.bcd practice in 
the trade at tin* present time in Englantl is for a 
weaver to attciul troll) four to .six looms, the duties 
V-.eiijg to repleui'-h the wift in the .shuttle as it 
becomes e.xliaustod during weaving, pitco up broken 
wat'p threads, and attend to other minor details. 
Ktloris are now being iiuKie by some manufacturers 
to get weaiers to attend from -ix lO eight looms by 
att.'icliing a warp thread .stop motion to each. Witii 
this system a weaver must d'.])end on the cfliciency of 
the stop motion to proiliiee pci feet cloth. Several 
forms of automatic shuttling or shuttle changing 
motions are now being tried for plain work. No 
re.sults of a definite charaeier ba\e yet been arrived 
at in England, although a large number are in 
operation in America. The new motion allows a 
wetiver to attend from twelve to twenty looms, A 
considerable amount of skill is taken from tiio weaver 
and jiut into the loom niechanj-m. The following 
are the chief automatic weft supply looms on the 
market: (1)Northrt>]), (2) [ 1 attersley, (3)Harrinmn,(4) 
Maker Kij), (5) L'owburn. l>r>iCKii%ON OEObdinAJ^ 
Towiok l.OGM.—The warj) beam c is iilaccdin brackete 
behin<l the loom. All the warp threads are passed 
over back rest rail D ina brotid .sheet and split up by 
lease rods E, wiiieh serve to keep the threads in their 
proper oriler, before they pass thtough the eyes in 
lie.ild.s 1 and 2. For a plain weave the threatls would 
he drawn alternately througli the eyes on hcalds 
1 and 2, aiul again pissed through the reed T’, two 
threads in a dent or split, which is held in position 
by sley G and hainlrail M, they in turn being 
secutreil to sley sword l, working on rocking rail M as 
!i fulcrum. Whtm tlic warp is in process of inter¬ 
lacing with the'weft, the cloth will be formed at K 
and pass over the breast beam N round feed roller P, 
and on to cloth roller H. The whole stretch of warp 
from c to N is kept at suitable tension by chains and 
weights round the warp beam c. An oscillating 
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motion is imparted to tho sley by means of connecting 
rod 8 from crank T, which is on the main driving 
shaft of the loom. Immediately below the crank 


a “ shed " is formed, and when full opra the shuttle^ 
X carrying the weft is “ shot ” or “ picked " through,. 
By the time the shuttle has passed through the sh^. 



shaft is fixed tappet sluaft v, on which are placed tin' 
plain tapiwts oi cani'. A and A'. 'J'lii-' shaft onl.' 
make.*! one revolution for no of the eniiik slmfi, 
consequently the tappets ei iie in eonUii f nitli their 
own levers b and n‘ alternately. The simple 1 
Olterafion of weaving is j iformed as futlons' As | 
the tappets A and A* lovoh they operate on levels I 



Fid. s. 

B and B', and by tliis means raise and depress healds 1 
and 2 alternately, e.g. the depression of lever B and 
beald No. 1 is the means of raising heald 2 through 
tt>ptoller w. All threads drawn through the eyes of 
bealds No. 1 are raised, and all ihrc-ads drawn through 
the eyes of bealds No. 2 are dcprei>3od. By this moans 


and reached tho box on the other side of slev', tl;e 
loom erank will have moved the sley to its most 
fonvanl position, and hy means of the reed the weft 
will be forced to tlie “ fell ” of the cloth at E. Before 



Fig. 6. 

the return passage of the shuttle the bealds are 
reversed, owing to tappet A* being brought in contact 
with lever b'; then the shuttle is again picked 
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throTigb, and the weft afterwards beaten up as before. 
The fact of all odd tlireads being lifted when even 
tlvreads are down, and vice versa, each time a “ pick ” 
of weft is inserted, enables a woven cloth to be pro- 
dnced^which is vciy firm and strong, considering the 
amount of m.atcrial which may be put into it. The 
ordinary method of ” darning” gives one an idea of 
.a plaip weave, a diagram in plan being here given at 
fig. 2 and a section at fig. 3« IVhcn tlic warp tlurcads 
are required f o be put closer together in the reed, and 
a different method of interlacing is required, such as 
n twill weave, more shafts of Injalihs are necessary. 
This involves the use of differently constructed 
tappets, which are mostly worked from counter 
shafts, actuated from the tajtpet shaft V or by s^iecial 
gearing from the crank shaft at one end of the loom. 
A three end t will would require a three loaf tappet, 
a four end twill would retjuiro a four leaf tappet , and 
so on. Fig. 4 shows enlarged weave pl.an of a four 
end twill, produced by a four leaf twill tepj)e.t, 
working four heald.s in succession for two picks u]) 
and two down. Fig. 5 is sectional view showing one 
pick of weft intersecting witii warp r.hrc.ads. Small 
figured weaves are usually produced by means of 
the dobby machine, the tappets bt'ing dispensed 
with! When the patterns to bo produced are i>CTond 
the capacity of the dobby, then the Jacquard machine 
is used. 

Looming (Melenrol.') An appearance allied to 
jfflEAG^l (^.r.). by which distant objects bccotnc 
visible at a greater altitude than their true ono, 
or acttudly inverted, over their actual position. It 
is probably due to a layer of hot and rarefied air 
some tlistanco above the Icvol of the ground. 

- (Tejftile Manufae.) See Loom. 

^OOp*Yarn (Textile Mauvfac.) A fancy yarn on 
which curls or lo..jis are forinod on the twisting 
frame. It is a yarn exteusivo'y used in fancy fabrics, 
and also in fabrics with a curly surface. 

Loops (J/Zafa^). Fine material or sludge left as 
refuse from the washing of tin ores. 

Loose Centres (Eng.) Supports resembling a 
pair of PoPPRT Heads (y.usi'ti to hold cyiiadrieal 
objects while laai'kiiig out, or wliile certain operations 
are being carried out in the planing or slotting 
machine. 

Loose Coupling (-£'»y.) A coupling (y.t?.), which 
can reatlily be disengaged or thrown out of gear. 

Loose Eccentric (Eng.') Au eccentric which rides 
loose on the .shaft,, but is prevented from Uiriiing 
completely round by two fixed stojis. When in con¬ 
tact with one of these it drives tlie engine forward ; 
by brining it in contact with the other stop tlie 
'engine is reversed. 

Loose Gland (Eng.) A ring nsed for making a 
watertight joint in iron piping. It serves to force a 
rubber ring into the socket, and is kept in place b.t 
bolts. 

Loosening or Rapping (Fomidry). Tapping a 
pattern which is being moulded in order to loosen it 
slightly in the sand and facilitate its withdrawal. 

. Loosening Bar (FouTuErg). A bar of imn used 
for loosening or rapping a pattern. 

Loose Pieces (Foundry). Parts of a complicated 
pattern which can be detached from the main 
portion to facilitate withdrawal from the mould. 


Loose Pnlley (Eng.) A pulley which can turn 
freely on ^ shaft; it is placed alonpide a fixed or 
driving pmley, so that the driving belt can bo shifted 
on to it when the machinery driven by the belt is to 
be slopped. 

Loppy * A flat truck. 

Loss ( Eng., ete,.') A part of the energy supplied to 
a machine which is dissipated by friction ana is not 
converted into useful work. 

Lost Aniperes (Elect. Eng.) The portion of the 
current gcru'ral.<-d by a Shunt dynamo, which flows 
through the coils of the field magnets instead of 
through the external circuit. In a good machine this 
port ion is usually only a very small fraction of the 
total current generated. 

Lost Yolts (Elect. Eng.) That portion of the 
Uital E.M.F. generated in a Series dynamo which is 
r('<]uirc(l in order to send the current through the 
coils of the fii ld magnets. The voltage thus lost is 
very small in a good machine. 

Lost Wax Process (Founding). A method of 
bvc'iizc founding in wldch a core is oovci’ed with a 
wax model of an object of which a casting is re¬ 
quired, the wax being made of the same thickness 
as it is intended the metal shall bo. When the 
niodi’l is complete, the wax is ettviTcd with a porous 
clay, and the whole baked in a jiit; the wax, of course, 
melts during the iirocess, and runs off tlirongh 
openings left for thi; purjiosc. The space tiiat was 
o.'fiipied by the wiix n<i\v forms the mould for the 
metal. 

Lotus Capital (.iechiteet.) Three types of 
Kgyptian c.apital—the I'aiujiainform, the clustered 
lilt us bud, and the ])laiu l.Au-, bud capitals—were 
donved from the lotus (lower in different stages of 
dctelopnicbt. The outline of the plain lotus bud 
capital is sioiihir to that of the clustered lotus bud 
(H,pii.al, but its horizontal section is a circle, whereas 
that oi 11iu latter is a senes of convex scgmeritis. See 
(’LfSTElJIUt l.oTltS Led (.'AriTAl,, rAMI'ASIPOBM 
t'AIMTAl., llATUilB llEADKD CAPITjUi, and I'ALM 
CA.riTAE. 

Lotus Flower (A>chifc<rt.) An Fgyptlan water 
lily. Tlii.- (lower, convcnlionally treated, wius freely 
used in Kgyptia,n arohitectui 

Louver (.\rch.eeol.) A domed turret or laiitem 
with lalcrid openinirs. li.xcd, on the roof of the hall 
in a inediiBval building in order to carry off the 
smoke which rose from llic open hearth. 

-or Louvre Strips of wood or other 

mat(3rial running ticruss an opening, the plane of 
each strip being iticlinod to the vcriical plane,.and 
its lower edge overlapping the strip below it, but 
not touching it. Tim space.s thus left between the 
strips are available for vcntilalion, but rain, etc., 
is excluded. Ustjd for shutters, ventilators, etc. 
'J’he spelling LOUVBE is incorrect, though it is com¬ 
monly use(i. 

Louvered Ventilator (Euild.) A frame with 
inclined boards, strips of glass, or other material 
i i. luvcrs), an-angci I so as to ailmit air but exclude rain. 
S"e aho 1.0EV13lt. 

Louvre. The name of the palace in Paris in which 
are placed many of the flne.st examples of art 
po.ssesscd by the French nation. 

- (Euild.) The common spelling of LOWEB 


(g.v.) 
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Lov (MeHivrol.) A term generally applied to 
cyclone centres in contradiction to HiaH|;|the centres 
of Miticyclones. 'i ► 

- (Print.) Used to imply that parte of a 

printed sheet do not show up clearly, c.y. jn the case 
of worn type. 0'. High, 

Lover Case (Ttjpoy.) The case that contains the 
small loiters and spaces. Of. Uppub Case. 

Lowestoft (Pot.) A small manufactory of porcelain 
was ostalilished at Lowestoft about the year 1756. 
The wares produced were never of liigli standard or 
•of great importance. So-called “ Lowestoft ” china 
is almost invariably of Chinese manufacture. The 
f:u;t(>ry was closed about 1804. I.owestoft, china is 
of poor quality, and tlie ornamentation of it is 
slight and inferior. 

Low Flash Oil. Oil whoso vapour becomes spon¬ 
taneously ignited at a comparatively low teruperature. 
See Flashing Point. 

Low Hoof Iron ^Afet.) One of the b&st qualities 
of wrought iron, made at T.ow Moor in Yorkshire, 

Low Pressure Cylinder (Eng.) The larger 
cylinder of a comy)ound engine, in which the steam 
uarlergoes its fiiuil cxyiannion before escaping. See 
Steam Engine. 

Low Red Heat. A temperature of about 1300° F. 
(700° 0.) 

Low Relief (Sculp.) Sir r>AS*R elief, 

Low Warp. 'I'apfi'^trv in which the warp (q.v.) 
takes a horizontal po'-ition during the process of 
weaving. This facilitate- its manufacture, but the 
result is not sui:>poscd to equal higli warp tapestry. 
,V/7 High Walt. 

Lozenge (Jler.) A diamond .shaped, four sided 
chatge set perpeailieularly on a sl'.icld. Tlie sliield 
of an unmarried woman or of a widow is of this 
si'.apc. A shield di\i'led by diagonal lines crossing 
forms a pattern c.-illcd luzengy. 

Lozenge Moulding (.Irrhitn-t.) An enriched 
moulding, u.sod ii, ? <inuan are!lireelure, consisting of 
a repetition of lozenge .si iqtcd forms. 

Lubricants. The themy of lubrication i.s the 
iuterjio-ili'.u between two surfaces which rub to- 
gcLlior (by n-ftson of the muiion of one or of lioth of 
them) of a snbsiauce which has .a smaller co-efficient 
of friction witli both t!ie surfaces concerned than 
they have one with another. Lubrication, then, is 
using something to diminish friction, and therefore 
waste of pow'cr. and, what is of even more importance, 
Jioating of the surfaces and i)o.-siblo consequent, 
seizure from expansion and stoppage or breakage of 
the machinery. E.\y>ericnce has sliown that fats and 
petroleum are the best lubricants, with certain special 
exceptions, the chief of which is graphite, used for 
wtiode.n gearing which would absorb grease or a 
liquid lubricant. To know wlmt lubricant to 'Use in 
•a given case is very important, and many different 
kinds and combinations have been tried fcir varions 
purposes, with the result tliat a large number of 
Inbricants are in use. The prime requisite of a 
labxkiant is that it shall diminish friction, as above 
stated. It follows from this tliat drying oils snob 
AS linseed or poppy oil, wLicli become sticky and 
resinous by exposure to the air, are unsuitable. The 
Inbric^t most retnun between the surfaces during 
the motion. Hence for heavy bearings a thicker 
lubricant is required tbsm for light ones, which. 


although they would diminish frictioa mqre, wcmld 
be squeezed out from the bearing. The speed at 
which the axle is driven has also an importsmt 
influence on the choice of a lubricant. Other tMi^ 
being equal, the higher the speed the thinijer and 
less in specifle gravity must the lubricant be. The 
factor of time comes in here. A very heavy but 
slow running axle can be and must be fed. with a 
comparatively viscid lubricant, and there is time to 
overcome the cohesion of the oil particles so that 
they slide over one another and over the lubricated 
surfaces. If the same axle were run at a high speed, 
internal .stresses would be developed in the oil biyer, 
the overcoming of which would neces.sitate a large 
amount of power. It will now easily appear that it 
is difficult to find a good lubricant for heavy axles 
run at a high speed, and that in any case a com¬ 
promise must be effected, and the lubricant fitted 
as nearly as may be both to the weight and to the 
speed of the axle. Of course, light, fast running axles, 
such as cotton mill spindles, afb easily provided for, 
as are heavy and slow moving axles. Another im¬ 
portant point is the temperature at which the lubri¬ 
cant has to do its work. This is why oils for bearings 
are so different from the oils used for lubricating 
pistons and stufiing boxes in steam and gas engines. 
It is quite‘evident, to begin with, that an oil which 
might be too viscid at ordinary temperatures might 
be just right or even too fluid when subjected to the 
heat of .steam or gas exido.sion. Again, the chemical 
constitution of the lubricant must not undergo an 
injurious change, owing to the temperature or the 
action of steam or hot gases. Steam is a most 
energetic chemical reagent at high temperatures. 
One effect of high temperatures is to carbonise 
the fat, li that happens, the function of lubri^ 
lion is seriou.'-ly interfered with, and in a ^s 
engine carbonisation is extremely likely to happen. 
High pressure steam decomposes fats into glycerine 
and fatty acids, whereby not only i.s a part of 
the lubric.ation lost, but chemical, action ensues 
betw’een the fatty acid and the lubricateil sur¬ 
faces which soon leatls to clogging and imperfect 
fitting. The glycerine is carried away into the 
lix'iiaust. It is obvious that for high temperatures 
oils and fats arc quite unsuitable, and no better 
lubricants are known for cylinders than heavy 
jictroleum oils. These are extremely stable chemi¬ 
cally, have low co-efiicients of friction, and are fluid 
enough at the high temperatures with which they 
meet. They cannot turn acid, and are as free from 
cLiemical action, w'hetlicr on steam or anjiihing else, 
ns can be desired or hoped for. Many cylinder oils 
on the market are mixtures of mineral oil with ordi¬ 
nary fat. These should be shunned, as the presence 
of the mineral oil does not prevent the occurreuce of 
the difficulties above detailed as a result of the 
action of high temperatures on animal or vegetable 
fats. The dark cylinder oils are an intermediate 
fraction of petroleum, the light oUs having bhen 
removed by distillation, and the solid ingredients of 
the mineral oil by cooling They vary greatly in 
usefulness, as well as in colour and consistency. 
They have a low spi'cific gravity, averaging about *9, 
and a high flash point (2(50*' to 285 C'.) The pale 
evlindor oils have a higher specific gravity (about 
•925), and a considerably lower flash point (often 
low as 220“ F.) They are inferior to the dark oUe in 
all respects. As regards the tests of a cylinder oil, 
it should, in the first place, contain no volatile con¬ 
stituents. Its weight ought to remain constant at 
the boiling point of water or somewhat higher for 
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many Lours. The heaviest oils evaporate slosrly 
below their boiling points, but even after thirty- 
four hours at 110° C. the loss should bo less than 
1 per cent. The flash point should be fairly high, 
not less than about 260° C., and the viscosity 
must be considerable, and should not be greatly 
lessened by the temperature that is known to prevail 
in the cylinder to be lubricated. Tlieoretically the 
specific heat should be as high as possible; but tlie 
point is of no practical important-c, seeing the small 
differences between the specific heats of different oils, 
mineral or otherwise, and the small quantities that 
are used. As regards lubrication at onlinary tempera¬ 
tures, graphite or talc is most useful for very heavy, 
slow running axles. Both should be mixed with a 
solid or liquid fat, according to the temperature of 
the workshop. Tallow is excellent for warm shops. 
Lard, tallow, castor oil. heavy petroleum oih', or 
mixtures of them all answer well. Probably any 
vegetable or animal fat is improved by petroleum, as 
the mineral oil keeph the bearings clean. In tliis 
connection it may be mentioned that all fats must 
be scrupulously freed from every truce of niembmno 
or tissue if they are to be used as lubricants. Kuch 
impurities are esjjecially common in solid fats, and 
a number of samples should l)c examined under the 
microscope on a heated stage. When the fat on the 
slide is fused, any fragments or skin ran be at once 
detected, and sliow that the stuff is unfit for use. 
For high speeds under heavy pressure, rape and lard 
oils are largely used, generally mixed with heavy 
or light petroleum oils, according to the working 
tcmiierature. For rapid, light running machine) 
sperm oil is the favoiirilc lubricant, but oli\e and 
rhpe are much used, both alone and mixed wiili the 
lighter petroleum oil. In general, two diffcnuT 1 ulu i- 
cants should be used for a macldne, for ii is alun st 
invariably the case that differc'iit paits of it run 
under different prcs.surcH and at different speeds. 

Lubrication (^Cyclai). An exposed chain is best 
treated with finely crushed graphite or black lead, 
freed from grit and well rubbed on. All other parts 
should be lubricated with any good machine oil. 

Lubricator (A’wy.) A receptacle for lubricants. 
It may be a simple vessel communicating with the 
bearing, etc., by a tube or channel, or it may be 
supplied with some device for pouring or forcing a 
stream of oil into the bearing. 

Ludlow Rocks {Geol.') A general term for the 
upper third subdivision of the Silurian Hocks, taken 
from the name of tlie town where these rocks were 
first studied. Of late years the extended study of 
the rocks on this hoiizon has led to the sugge.stion 
that their classificiition should l)e remodelled, anrl 
that the term DowNTOKiAN, which is preferable for 
many reasons, should be employed, in place of the 
older name, for all the rocks from the top of tlie 
Ijcdbury Shales to the base of the I.einl\var(li!io 
Fl.ags which underlie the A> inestry Jjime.«tone. The 
Low'er Ludlow Shales are thus left in another divi¬ 
sion, which is termed the Salopian. 

Lug iErtg.') A projecting portion of a ca.‘^ting, 
etc., by moans of which it can be fixed in position, 
6.g. by bolts passing through. 

• —^ {Mmnb.') See Eab. 

Lug! (^Cyele*). See CYCLES. 

, Luminosity (Pkyt.) (1) The power of giving out 
light. (2) The amount of light fumished by a 
particohix source. 


Lui^oub Paint (Chem.") A paint which emif3s 
light in a dark room. If soma bits of phosphorus- 
are allowed to stand in olive oil in a bottle which is 
kept in a warm place for two or three days, the oil 
dissolves a little phosphorus, and when it is painted 
on an object, the latter is visible in a dark room, and 
will remain visible till the phosphorus is oxidised. 
A totally different paint may bo made by mixing 
various phosphorescent sulphides or oxides with oil, 
and u>5ing this as a paint. Sv BOLOGNIAN PH08- 

rnoKUd a/ul Calcium Sulphide. 

Lunar Bows (JUi tem'ol.) See IIainbowb, 

Lunar Caustic (niem.) A common name for . 

SiLVKK XlTICATE. Scc SiliVBK COMPOUNDS. 

Lunar Distances (A^rnn.'i A method of deter¬ 
mining liiugitudc Ijy means of the measurement of 
tlio apparent disUinces of stars from the lunar disc. 

Lunation (Asf.rm.) The time between one new 
moon and tlic next. See also tSYNODIO MONTH. 

Lunette (Arrhiteet,) A window formed in a 
domical ceiling. 

Lunga Pausa {Alusir'). Long pan.sc. 

Luni-Solar Precession lAntrim.) A slow refro- 
grade motion of the cquinoetial points upon the 
ecliptic. See aho I’liECESSiox. 

Lusingando (Alunic). Coaxingly, tenderly. 

Lustre. A large oixi.nraental cliandelicr. 

- (3/in.) The lustre of minernls is a properly 

of importance in elassific.'itiuu. Six \aricties of 
lustre are u-ually n'fciied to, They arc ; 

(1) lilKTALLlc ((Jalena ot Pyrites). 

(2) VlTRi'.ous or gl.a>isy f Quartz, Uocksall). 

(.'{) KlirtfNOfS (Aniticr, Pitchblende). 

(1) Peakly (I'ale). 

(5) Silky (P’ibrou,'< G\pstimk 

(K) Adamantine (Diamoml). 

Lustring or Lutestring (Sill: Manufac.) A plain 
silk fabric wa>\cn as tabby, the wett u.scd being 
bright, to giic lustre. 

Lute (A/ct.) Ilefractory materia!, such as fire¬ 
clay, used for making a ( lo.sc joint in furnaces, 
cover.-) of crucible.-., etc. 

Lutestring (SUh Afanvfac.) See I.ustking, 

Lutidines (CAcm.), C;,II.,(CH 3 )_,V. A name given 
to the dinietbjl ])yridine-, of wiiicli there arc six; 
some of them oceur in lionc oil. See PYRIDINE. 

Luxembourg. The. Palace of tlie Luxembourg in 
I’aris etjntain.-i an Ait r».aller\, in wliich are exhibited 
work.s by many famous modern artists. 

Lychees (Botany). The Chinese plant .ZiVc/ii 
ehinennix (onler, Stt]jnul,acece) jiroduces an edible nut 
containing a fleshy aril arouml tlie seed. The fruit in 
a dried state is imported into this country, 

Lych Gate jSccLich Gate. 

Lycine (C'kem.) Another name for Betaine 
(q.r.) 

Lycopodium (Botany). A fern plant Lycopndivm 
olamtnm (order, l/yropodiaceo!), with a superficial 
mosslike appearance (“ Club moss”). The resinous 
spores are used in medicine and as a coating for 
pills. In Sweden doormats are made from the [ilants. 

Lydian (Mitsic). See Modes. 
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Lye (f-Aem,) A very general term for various 
solutions sised in chemical trades, e.y. a solution of 
an alkali See alto liixiyiAxxoN. 

Lyintf Pveu (J3ind.') A strongly made press 
aotuat«;a by two screws, used for various purposes, 
e.g, holding a book while the edges arc being cut or 
while the back is being shaped. 

’ Lymphatics {Znol,') A system of vessels which 
traverse the body, finally passing to the large veins 
near the heart. Their function is to carry back 
to the'blood the waste pro<lnets of the tissues. 

Lysine (r/«o».), oe-diuminocaproic acid, OH, 
NH,CH,OH,CH,CHNH,COOII. A white crystalline 
solid obtained among* a large number of other pro¬ 
ducts on boiling albumins with concentrated hydro¬ 
chloric acid. It is dextrorotatory. ' According to 
some it is the parent substance of the ptomaine 
Cadaverine, which forms when dead bo<lies jiutrefy. 

Lysol (Chem.) A disinfectant con-sisting of a 
solution of crude cresol in soft soap. 


H (Jilcri.) (''ommonly used as a symbol for Mao- 
NETir Moment (g.v.') 

m (Eleet.) A symbol commonly used for the 
strength «*f i)ol<! (ffv.) of a magnet. 

fL (Elerf.) The .‘•ymbol for 1 ’ehmeability ig.v.) 

-The symbol for a Micwon, the 

thousandtli pari of a millimetre. 

fi/ji, {^Phy*.) The symbol for the millionth part of 
a millimetre, i.e. a fhousau<lt.h of a MiCitoX 

Ma (Mime). But, e.g. Ma mm triipjio, b»it not 
too much. 

Macabre (Ar/.) A term applied to a subject in 
whi»;li there occurs a rejnesentaiion of Death, e.g. 
in the form of a skeleton, etc!. 

Mace (AreJtf/tol., efe.) A staff or bludgeon, and 
originally the 8i>ocial weapon of prelates and of tlio 
King’s sergoants-at-arms. A brass in Wjtndsworth 
jiari.sh cliurch of one. Nifhobas, a .sergeant-at-arms of 
Henry V., is unique in showing tire nume suspended 
from bis girdle in tiro place geiicrally occupied by 
the miscrioorde. Mrwt corjror.ite bodies now possess a 
mace, used as an insignia of office, ami borne before 
the chief official.s, marors. The mace belonging 
to the Ibm.se of Coiniiioiis always rests upon the 
table in front of tire Speaker during his preseime in 
the House. When he leaves the Chair and the House 
goes into committee, the macc is placeil Ircucath the 
table. 

Ma 4 Seration. The term applied when vegetable 
or other substances are softened in a liquid. This 
proceas is used to separate the fibres of plants for 
textile purposes and in tiinning. See JnNBK Manu- 
FACTUEK, Leather Mancti'actube, efe. 

Machicolations (.1 /Seer Corbel Table, 

Machine. An assemblage of inter-relaled movable 
parts, forming an appliance for transmitting and 
modifying forces and tire motion produced by them. 
The relative motions of the parts are definitely c<)n- 
trolled or “ constrained.” 

- — (^JSleot. Eng.) The term machine is com¬ 
monly applied by'electrical engineers U) dynamo.s, 
eleotrie motors, rotary converters, boosters of all 
kinds, and ocoasionally transformers, though the latter 
are not, of course, machines in the mhclmnical sense 
of the word. 


« Machine Cut Pattern (Ibvndrp). An iron pattern 
used for casting toothed wheels, the teeth df the 
pattern having l^en cut by a revolving cutter. Huch 
a pattern can give a very clean casting, in which the 
teeth need little or no trimming. 

Machine Cutters (A%.) Usually applied to the 
revolving cutters used in milling machines, as dis¬ 
tinguished from the tools used in planir^ and slotting 
machines. 

Machine, Dynamo Electric. An obsolete expres¬ 
sion for Dynamos 

-, Electrical. A term used in physios 

denoting a pieue of ap{jfiratns for the production of 
ch.argi>s of cloctrioity. They include FRICTIONAL 
SlAcniNBa aufl Ineluenob Machines, such as those 
of Holte, Voss, and Wimshukst (^.r.) 

-, Induction (Elect.) See iNOircTioN Ma¬ 
chine (Holtz, Voss, and Wimshchst Machines), 

Machine Moulding. Many simple forms of cast¬ 
ings, when a great number arc required, are moulded 
by machines, which arc in some cases almost auto¬ 
matic. Toothed wheels are very conveniently made 
in this w.u)'. The machines are too complex for a 
brief description. 

Machine Paper (Paper Manufac.) Paper made 
by m.v;hinery, in contradistinction to paper made by 
hand. The latter is generally superior in quality. 

Machine Points (Print.) Guide points employed 
on the printing machine in order to obtain accurate 
register. 

Machine Riveting (Eng.) Closing rivets by the 
use of .'ome form of press (often hydraulic) instSead 
of by hauvnering. 

Machine Shop (Eng.) The part of an engineering 
work.' ill which the lathes ami other maciiine tools 
ii.ro woTiied, as distinguished from the erecting and 
fitting .shops. 

Machine Tools (Eng.) A general term for 
macliincs used in engineering and allied work. '.y. 
Planing, Slotting, shaping, Milling Machines, 
etc. 

Machining (Eng., Cutp., etc.) A general term 
for prooi'sscs carried out by machine tool-,' e.g. 
jil.'tning, shaping, and milling in metal work, and 
planing, grooving, and beading in woodwork. 

Mackerel Sky (Meteorol.) A form of cloud re.salt- 
ing from Iho breaking up of cirrus cloud, composed 
of small roundish cloud masses. 

Mackle, Mackled (Print.) A term implying that 
the type lias magged on tl.o paper whilst the sheet 
was being printed, thus giving a kind of doable 
impression. 

Made (Min.) A term sometimes used to signify 
a twin crystal of the contact type. 

Madura (Eotamj). The “ bow wood ” of the 
United States belongs to the Mnraeete. Its wood is 
used, and the leaves form foml for silkworms. 

Maorodlagonal (Min.) Thu longer of the two 
horizontal axes in the Orthobhombio Ststem. 

Macrodome (Min.) A crystal form the ortho¬ 
rhombic system. It is a prism whose axis'-is fho 
Mackudiagonal (y.v.) 

Macropinakoid (Min.) A two faced form of the 
orthorhombic system. The feoes are normal to tHr 
macrodiagonaL 
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Hadder. Tljis is the root of JRvha Unetorum, 
R. pereg'^ina, aad R. mungiiita (order, Rubiaci^a), a 
plant growing wild in man; p^s of Barope and 
Asia, llie plant was at one time extensively cul¬ 
tivated, as the root yields a splendid red dye. It is 
probably the oldest vegetable red known, and has 
been detected in Egyptian mommy wrnpirings. 
Since the discovery of artificial alirarin, however, 
madder has, like many other natural dyes, pr.m- 
tically fallen into disuse. See Alizabik and Dyub 
AND Dyking. 

Made Ground {Tlygienn'), A model byelaw of 
the Local Government Board prohibits the erertion 
of a new building “ upon any site widch slmll have 
been filled up with any material impregnated with 
any animal or vegetable matter, or upon which any 
such matter may Itave been deposited, unless and 
until such matter shall have been properly removed, 
by excavation or otherwise, from such site.” Free 
exposure for years is necessary for the purification of 
such soil, and even ilien it makes an nnhealthy 
site. Any dwelling built upon it should have an air 
proof basement of concrete or some impermeable 
material. 

Maestoso {Mum'). Majestically : with dignity. 

Magellanic Clouds {A&tnui.) Two cloudy oval 
masses of light vimIiIc. in the .Sonfhern Hciin.spliere, 
called Mubkcula M.ajob and Minor. 

Magenta. Magenta is a red dye, and was so 
named because it wjis discovered by Perkin in the 
year in which the Battle of Magenta was fought 
0859). It is also called Akiunb Ukd and Fuchsink. 
It is still employed to some extent as a dye, and nl-o 
as a pigmerd in the form of a lake. Sev Lakes and 
Dyt-s AND Dyeing. 

-< Chem,') See Fdchsinb. 

Maggiore ( Vmie). Majm, used .«onietimos when 
a pioee goes from the minor key to the tonic major, 
i.e. tne major key of the same note, as C minor, 
C major. 

Magio Lantern. The colloquial term for the 
Optical IjAntern (g.r.) 

Magilp, Magilph (Paint.) A mixture of lin.seed 
oil and iiia.‘>tic varnish used by artists as a vehicle 
for pigments. 

Magistral (Chem.) A product vibtained by roasting 
copper pyrites (q.v.) in such a way as to convert the 
copiier and iron into snlphatc.s, and grinding the 
product to powder. It is used in the extraction of 
silver from its ores in Mexico by an amalgimiation 
proceas. 

Ma^a (Geol.") The molten mftss from which 
the eruptive rocks of primary origin have subse¬ 
quently consolidated. 

a Ma^esia A common name for magnesium 

oxide. Sre Magnesium Oompoitnixs. 

Magnesia Mixtnpe (Chem.) A solution used in 
the detection and o.stimation of phosphoric acid or 
phosphates. It is prepartid as follows: 100 grams 
of ciystallised magnesium chloride, 140 grams ut 
ammonium chloride, and 200 cubic cm. of am- 
monia are made into a solution, and water added 
to bring the whole up to 1300 cc. The magnesium 
chloride can be made by precipitating a suitable 
quantity of the sulphate exactly with barium chloride, 
filtering, washing, an<l using the solution. 

Magnesian Limestone ((r/'of.) A stratigraphical 
came for a magnesio-calcareons rock which forms 


a oonspicuone horizon near the top of the I^as, 
Lower New Rod, or “ Pert&ian " Series of rocks in 
the north, and especially in the north-east, of England, 
ft was formed in the sea during a temporary return 
to normal geographical conditions, and in the midtUe 
of a lengthy episode during whbh an arid climate 
and coutinental conditions prevailed throughout 
what is now Wratem Europe. These finally changed 
for the better when the Hhsetic rooks were formed. 
The Magnesian Limestone has undergone much 
reconstruction, and now presents, in consequence, 
many remarkable structural ebaraoteristios. 

Magnesite (Mtre.) Magnesium Carbonate, MgCO^ 
Magnesia.=47'ti, carbon dioxide=62’4percent. Bhom- 
boticdral; usually not cry.stallised. Wliite, yellowish, 
or brown. It is used in the manufacture of Epsom 
Salts. From Moravia, Styria, Silesia, Norway, the 
United States, etc. 

Magnesium, Mg (Chem.') Atomic weight, 24. A 
silvery white metal; melts at 6.33°; boils about 1100°. 
In dry air it is not oxidised, but in moist air becomes 
coated with a film of oxide. When heated in air 
or oxygen it burns wif.h a very blight flame, rich in 
the violet and ultra violet light rays. In air the 
product of combustion is a ini,xture of the oxide and 
iiitriilc of the metal. On account of the brightness 
of I he magnesium light the metal is ii.>.ed in making 
signal lights and in pyrotceliiiy; on account of the 
bnghtne-i.s and richiics.'. in violet and ultra violet 
ravs the metal is used in pliotograpliy, e.g, a good 
flashlight is obtained by limning a mixture of ulu- 
miuiuui {Kiwder (12 parts), magnesium powder (18"6 
part.-.), red iihosphorus (l(> jxnrtsj, and saltpetre (73 
parts) in a celluloid tube. The mixture must be 
made with a feather. On aceoiint of the groat beat 
of foimatiori of its oxide (11.3,6(K> cal.) inagne-siura 
is able to di^placc many other elements Iroin their 
<ixides when heatetl with these oxides, e.tf. silicon, 
iMi'iin, carbon, etc. It is nut attacked by pure water, 
but .solidiou.s of man}'salts attack it, e.g. solutions 
of p.)t!issium chloride and magne.sjiim chloride, yield¬ 
ing itiagnesinni hydroxide and hydrogen. Heated in 
steam it burn.s brightly, forming the oxide and 
lihcnaling hydrogen. Dilute hydrochloric and sul¬ 
phuric ucid.s dissolve it with formation of the 
corresiioniiing salt and hydrogen; dilute nitric acid 
also dis-solves it, foirning tlie nitrate, and evolving 
nitric oxide, nitrous oxide, nitrogen, and hydrogen. 
M.'igiiesiuni also jirecipitatos a number oi metals 
from solutions of their suits, e.g. copiier and iron. ?t 
('Cciirs us sulphate in many mineral springs j in sea 
water ; rrs magnesite, MgOO,; dolomit.c, (Mg. Ca)C(),,; 
a-- silicate in many important mineral', e.g. asbestos, 
(Mg. Ca)SiO,; meerschaum, 11 .Alg.^Si^t 1 ,^; and in the 
Siassfurt saltdcjiovsits as C!iniailife,*KCl. MgCljGHjO; 
kioscrite, MgSO^HjO; and other compounds. Mag¬ 
nesium is obtained (1) by electrolysis of fused cair- 
nallite, using a carbon anode und an iron kathode; 
(2) by heating together caniallile, fluorspar, and 
sodium to redness in a closed crucible; in this case 
the metal is purified by tlistillation.' 

MagneBium Ckunpounds (Chem.) Maonbsiux 
Oxide, MgO : A liglit white powder; only melts at 
the temperature of the electric furnace, and on 
account of its refractory nature is used for lining 
crucibles and furnaces which are to be used at very 
high temperatures. Very slightly soluble in water 
(1 part in 172,000 parts water at 18°); yet when 
moistened ib turns red litmus blue. Used in medioine 
as a purgative and an ant idote in alkaloidal poisoning. 
It is obtained by beating the carbonate. The 
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Htpboxidk, Mg{On)j, is a light white powder 
nearly ineolttble in water/but r^dily soluble in 
solutions of'ammonium salts. Readily gives the oxide 
on heatings It is obtained by adding a solution of 
caustic soda to a solution of a magnesium salt. Both 
oxide and hydroxide readily dissolve in most dilute 
■acids. Magsebsiitm Nitbidb, Mg^N,: A yellowish 
powder obtained by heating the metal in nitrogen or 
ammonia. It is readily decomposed bv steam, 
Mg,N,+6H,0=3Mg(0H),+2NlI,. The acUon of 
nitrogen on magnesium was used by Ramsay in pre- 
TKvring argon from the air. Magnbsium Chlouipb, 
MgCl.: A wliito crj’stalline solid, deliquescent, very 
soluble in water; it'cxystallihcs from a strong solution 
as MgCijOlIgO, but on heating these crystals they 
lose hydrochloric achl and form the oxide. It forms 
double salts with the alkali metals, c.y. Camallite, 
and a similar corupo»iBd with ammonium chloride in 
place of potassium chloride. It is obtained by heating 
Canuillite at 176“, when most of the potassium 
chloride separates. On cooling, the rest of the 
potassium chloride separates as earrialiite, ami tiic 
mother liquor contains only uiagne-siiim chloride. 
In tho laboratory tlie (;arlH>nate is dissolved in liydro- 
chlorio acid, ammonium chloride added to form tlie 
double salt, the solution evaporated, and tlie crystals 
heated to drive oil ammonium chloride. It is used 
in “dressing" cotton gfiods. Magnesium Kulphatb, 
MgSO.; A white solid, decomposed about 360“ into 
the oxide, sulphur dioxide, and oxj gen. Jt is usually 
met with as tiic cry.stalliiie hjclrate, MgSO^TlljO; 
commonly called Epsom Saut.s/F ine ncedit- shai>ed 
crystals; loses 611,0 at l.'iO'’, and becomes anhydrous 
at 200"; very soluble in water. Kp-'om .-ails arc 
prepared by allowing Kieserite (sn- Magnesium) 
to stand in contact with water till it forms 
MgHO,7n..O, and tliis is purilied by crystallisation. 
It can also be prepared by the action of .sid))luiric acid 
■on magnesite or on dolomite ; in tbe latter case most 
of the calcium sulphate rem.'uns undis.solvcd, and t' e 
magnesium sulphate' can be purilied by crysiaHisjii i- ^n. 
A number of doable salts like K„S(',i\IgS(),611,0 arc 
known. Epsom salts is used in niedicitie as a purga¬ 
tive, its action dej)ending mainly on o.'-mosis, vvatei- 
being attracted into the iiite-stine. MAGNESir-vr 
Cabbonatb, ; A white crystalline .solid 

isodimorphous with calcium carbomtte; that is, one 
form crystallises like calcspar, and the other form 
like arragonile. it occurs naturally as magnesite, 
nnd c.an be prepared by tl)e action of a solution of 
the chloride on onlcium carbonate or l>.v susjiending 
tbe basic carbonate in water and p.issing carbon 
dioxide through the suspension. Jt is very .'•lightly 
soluble in water, but more soluble in water c<in- 
taiuing carbonic acid. A solution prepared by itjissiiig 
C4irboii dioxide under a pressure of 3 atmosplieres 
into the basic carbonate is u.sed in tnediitine under 
the name “ fluid magne.sia.'’ The Magnhsia Alba 
asod in medicine is a basic carbonate of the com¬ 
position Mg(Oil).JlMgClO,, with a vaiiablo quantity 
of water. It is* obtained by mixing solutions of 
sodium carbonate and magnesium suli)l'!itc («) in the 
cold, and then heating to boiling for the light form; (/i) 
at the boiling temperature for the heavy form. Both 
the normal and basic carbonates arc ca-sily decom¬ 
posed by heat, giving the oxide and oarhon dioxide 
(and water from the ba.sie carbon.ate). Magnesiit.m 
Ammonium rnosPHATB, MgNU.I’O^: Hmall crystals 
sparingly soluble in water, nearly insoluble in dilute 
ammonia. It is the form In which magnesium is 
detected and estimated. On beating, it forms Mag- 
NsmuM PyBOPHOSPMATis, 2MgNHjrO« = MgjPjO, + 


2NH, -f £LO. It occurs as a urinary caletfliu. .3^ is 
prepared, by adding to a solution of magnesinm 
sulphate solutions of ammonium chloride, amm^ia, 
and sodium phosphate in the order given. 

NBSIUM SULPHIDK, MgS: A yellowish brown solid 
obtained by beating sulphur and magnesium together; 
it is decomposed by water: MgS + 211,0 »» MgfOIlX 
+ H,S. Magnesium unites with alkyl iodides and 
bromides in presence of dry elhcr to form mag- 

ncbium alkyl halogen compounds, c.y. Mg ^ » and 

These compounds are very important 

synthetic reagents in organic chemistry. They are 
dceoinpo.scd by water, giving the correspomfing 

paraffin. Mg +I10H =Mg -f CH,. With 

esters of mouolKisic fatty acids (except formic), acid 
chlorides, acid anhj^lrides, and ketones they yield 
tertiary alcohols ; with tl>e e.sters of formic acid they 
yield secondary alcohols; r.ff. 
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Esters dibasic acids react in a similar way to 
esters of nnmobasic: <n< id.-, giving glycols, 

COOC.,IIs ((OH,),OH 

1 ‘ i 

OOOCjl], C((TI,)„0H 

''clmmi'tliyl Glycol 
(I’lnucojie). 

With aldehydes socontlary alcohol!- are obtained. 
Acids can be sy-ntl'.usise.l by pos.sjng carbon dioxide 
info an etJicreal solution of a magnesinui alkyl haloid, 
I atid decomposing prfitdpifated tulditiou product 

, bv dilute sulphuric acid at 0”— 
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Olllgl + IlOH = 1 .on + Mg. OH. I 
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For the action on nitriles, see under KETOSES. Mag- 
ne.siuin .also replaces the halogen hi halogen benzene 
b'rivatives, forming compoumls like C.HjMgllr, and 
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Ma^euam Li^ht (^Photo.) An aitiacial light 
produced by burning magnesium powder or ribbon ; 
used for photographing InteriorB of buildings, large 
groups at night, etc. * 

Magnet. A Natural Maonrt is a piece of a 
mineral termed Magnbtitb or Magnktio Oxidb op 
IboK. ItjKisscsses the following properties : (1^ It 
attracts small pieces of iron to itself when 1:>ronglit 
near them. (2) It either rej)els or attracts a similar 
magnet, according to the relative positions in wliich 
the two are placed with regard to each otlier. (3) If 
suspended so that it can turn freely, it sets itself so 
that two definite points within it lie along a definite 
direction relative to the earth; this direction is a 
line pointing approximately nort>h and south. Tliese 
two points in the mi^nct are termed its Poles ; the 
line joining them is called the Axis op the Magnet 
or Magnetic Axis. An Artificial Magnet is a 
jiiece of iron or steel which has acquired properties 
similar to tliose of the natural magnet; if it retain 
these properties it is termed a Permanent Magnet. 
The Magnetism (that which confers on the metal 
the properties of a magnet) may be supposed to lie 
concentrated at the region of the poles ; the amount 
of such magnetism is termed the Strength op the 
Pole. A Unit Pole is one which, wnen placed 
at 1 cm. from a .similar and equal polo, and .separated 
from it by air or some other Non-MAONBTIC material 
(tf.e.), repels it with a force of 1 djne. The pole 
umich tends to turn to the north when the magnet is 
suspended is termed.tho Positive or North Seeking 
Pole; the other, the Negative or Sooth Seeking 
Pole. Many of the effects due to a magnet depend 
upon its Magnetic Moment or Moment op the 
Magnet, wliidi is the product of the strength of one 
pole and the lengt h of the axis or line joining the two 
poles. A magnet may bo formed by placing a piece of 
iron or steel in contact with or in the neighbourhood of 
another magnet, or by causing an electnc current to 
flow through a wire coil.-d lound the puTC of iron. 
Apiece of iron magnetised by a current in the hi Iter j 
way is termed an Electro Magnet. If the iron 
be soft, it loses tlie greater part of its magnetism 
when the magnetising influence is willidiawn ; hard 
Iron or steel retains its magnetism to a great extent, 
depending largely upon its hai’duess, and forms a 
permanent magnet. The main u.scs of permanent 
magnets are : (1) As the indicating part of the 
magnetic compass. (2) As the suspended portion 
of a largo class of galvanometers (3) As 

the field magnets in magneto-electric machines; 
and (4) for various experimental puqjoses. Electro¬ 
magnets form an essential portion of mo.st electrical 
appliance,s and macliincry, e.g. dynamos, motors, 
telephones, electric hells, etc. 

Magnet Core {Elent.) A piece (or number of 
picc.es) of soft iron placed inside a coil or solenoid, 
and forming with .the latter an Electro Magnet. 

- , Diurnal Variation of (Meieoml., etc.) it is 

found that the magnetic needle normally oscillates 
through a small angle once daily over the mean 
magnetic meridian. This is called the Diurnal 
Variation. The angle is greater in summer than 
• in winter. 

Magnet Filament, Solenoidal {Jilort,) A linear 
magnet or arrangement of mugnet.s huving no free 
magnetism except at the two ends of tlie line ; tin- 
external action of the magnet is entirely due to the 
magnetism at the,se two points. Such an arrange¬ 
ment is purely theoretical, and is conceived for the 
purpose of mathematical investigation only. 


Magnet, Moment of {Elect.Y See Magnet. 

-, Natnrail. See Magnet, Lodbstonb, and 

Magnetite. 

-, Permanent {Elect.) See Magnet. 

- , Secular Variation ot {Meteorol.) The pro> 

gressive alteration of the angle between the mag¬ 
netic and true meridians at a place. In London it is 
about 8‘fl' annually. 

Magnetic Axis {Elect.) The axis of a magnet is 
the line joining the two polos. See also Maqnbt. 

Magnetic Battery {Elect.) An expression, now 
obsolete, for a miignct built up of a number of 
elements, each element being a separate magnet of 
suitable form. 

Magnetic Bearing (Surveying, etc.) The angle 
betwetm the direction of the <-ompa.s.s and that of 
a line dratvii from the observer to a 2 >oint under 
obsor\ati<in. 

Magnetic Circuit {Elect.) Consider a ring of soft 
iron on which arc wound a number of turns of 
insulated wire, if a current be 2)assed through this 
wire a Magnetising Force is ^et up inside the- 
turns (or helix), which causes a number of lines of 
force to pass through the iron, each line being a 
closerl curve. I’he whole .sy.-,tem con.‘ititut<-s a 
Magnetic Circuit, having the following analogies 
to the electric circuit: (1) The Flux, or total 
number of litus, corresponds to the electric cinTeni. 
(2) The amount of the flux ii- directly proportionate 
to a quantity termed the Magn!:to-Motive Force. 
This is equal to 47rN(', where N is the total number 
i of turns of wire and C the current in absolute uiiii.'^. 

I The magneto-inotivo force may be defined a.s the 
I amount of work done in moving a unit magnetic 
i pole once round the circuit, if the iron were abseiit. 

' (3) The flux is inversely projiortiona! to a quantity 
termed the IIeluct.Vnck of the ciiouit, or its 
“ resistance to the magnetic lines of force.” Tliis 
resistance is proi30rti(m;tl to ihc length of path of 
the lines of force tlirougli the iron, and inversely 
jjroportioual to tlie ai"a of the <toss section and to 
the “ conductivity foi’ tlio lines of force ” or Pbrmw- 
AEILITV. Lot I he the length of the path, a the 
cros.s section of the iron, and u the 1’ermeabilitv. 
Then the Heluctance is given by the equation 

Reluctance = ~~ 
an 

If a magnetic circuit be composed of different 
materials, tiic total Ueluctanr.e is the sum of the 
llclnctanc.es of the separate jwrts; e.g. if there be 
I three different iiiateri.als of lengths 7,^./,,, cross 
section a,, a,, a,, and rermcability a,. M- Mj, ibe total 
Reluctance is 



a^n^ a.js., 

If a part of the pjitli of the lines of force be in the 
air the Permeability of that. j)art is unity. It is now 
possible to state the law of the magnetic circuit in 
a form ariaiogous to ttic equation expressing the 
relation of tlie electric current to the electromotive 
force and resistance. See Ohm's LAW. 

Magneto-motive Force. 

Flux =■-- -— - - 

Reliiotance. 

Magnetic Conductivity {Elect.) See TeruE' 

ABILITY. 
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Magnetic Contiwl iElectS) (1) The utilisation of 
the properties of a magnet in order to cause some 
freely suspemled object to set itself in a definite 
direetien, e,g. a small magnet is fixed rigidly to the 
needle of an ELKcrBOMUTEit (y.o.) (2) In galvano¬ 
meters containing a suspended magnet the latter 
may be caused to set itself in a doiinitc direcition, 
independent of the Earth’s field, by moans of a 
permanent magnet fixed above the instrument; the 
directive force on tlie suspended magnet, may also be 
varied in amount by raising and lowering the 
controlling magnet. 

Magnetic Current {Eleot.') The rate of change of 
Maokktic FiiUX or number of lines of force passing 
through any surface. 

Magnetic Curires (^lilf ct.) Curves showing the 
direction of the lines of force from a magnet, or, 
more exactly, 1,’ncir projection upon a fiat surface, 
sucli as a sheet of paper. 

Magnetic Cycle {Elect.') A cnmjdcte scries of 
changes in the magnetic (condition of :i body, such 
that at the end of the .serie.s the body has returned 
to its original magnetic state. 

Magnetic Declination ( Elect.) See DjsttLiNATioN 
Macnktic. 

Magnetic Deviation {Elect.) See Deviation, 
■MAttNETIC. 

Magnetic Dip See Hip. 

Magnetic Elements (Elret.) The three quantities 
necessary in order to describe i-ompletoly t.lie 
magnetism at any gi\cn jdace ; they arc (1) Itr- 
CLiNATioJf ; (2) ItiP; (:t) I.vtensity' of the mag¬ 
netic force. 

Magnetic Equator {Elect.) A line running 
rouiul the Eartii, at any ))i)int of which the Dip 
{q.v.) Is zero. It is, roughly, midway between the 
poles. 

Magnetic Fatigue {Elect.) After iron b.as been 
subjected to a. l.irge number of eh.'ingos in its 
magnetic state, the waste of energy due to IIys- 
TEltKSlS {q.r.) increa.se.s. This increase is termed 
Magnetic Fatigue. 

Magnetic Field {Elect.) A space through wliii'h 
magiictie. lines of force run, atifl in which therefore 
a force is exert ed on any magnet ic polo which may 
be placed there. "Magnctie fields may be (1) 'Natural 
or due to the Earth's Magncti.'^m. (2) rroduced by 
the vicinity of magnets. (3) Due to the aetion of 
currents. 

Magnetic Flux {Elect.) The number of magnetic 
lines of force {q.r.) passing through any given area, 
circuit, etc. 

Magnetic Flux Density {Elect.) The number of 
lines of force, jisissing through unit area, situated 
normally to the lines. 

Magnetic Fopce. The magnetic force at any 
point is the mechanie.a] force, in dynes, exerted on a 
Unit Magnetic Toge {see Magnet) placed at the 
point. J t is also equal to the number of Ianes OP 
FOBCS crossing unit area surrounding the point. 
See Lines of Fohce. 

Magnetic Hysteresis {Eleet.) See IlYSTEUiiSTS. 

Ma^ctie Inclination (A'iecf.) See Inclination, 
Angle of. 

Magnetic IndBOtion (1) The production 

«{ magnetic provterties in soft iron, etc., when placed 


in a magnetic field. (2) The magnetic flax densi^ 
.V.) in any material jAaced in a magnetic field.' If 
denote the strength of this field, I the intensity of 
magnetisation {q.v.) of the material, and D the 
magnetic indnetion, then B = H -I- 4«’I. 

Magnetic Lag {Elect.) The tendency of the 
induced magneti-sm in iron, etc., to lag behind the 
magnetising force to which it is due. Sec also 
H YSTERESIS. 

Magnetic Leakage {Elect.) The passage of lines 
of force through a space in which they do not 
produce a useful effect; e.g. the passage of linos 
through the air from one pole piece of a dynamo to 
another insteail of passing through the armature. 

Magnetic Meridian {Elect.) An imaginary plane 
passing through the /eNitii {q.r.) and through the 
magnetic north and south points. The axis of a 
suspended compass needle when at rest lies in this 
plane. 

Magnetic Moment {Elect.) The product of the 
stn.-ugth of one pole of a masrnet and the distance 
bf'twocn the poles. Si‘e algo MAGNET. 

Magnetic Needle {Elect.) A small magnetised rod 
or needle orsteelso .suspended or j)i voted that iti.sable 
to revolve freely about its middle f)oint. The direc¬ 
tion in which it comes to rest is that of the magnetic 
north ami south })olos, provided no disturbing 
magnetic influence is near enough to cause it to 
<lcvjate from its normal direction. 

Magnetic North {Elect.) The direction in which 
a magnetic needle I'Oiuts when perfectly free to turn. 

Magnetic Observatory {Elect.) An observatory 
furuWicd with the necessary instruments for measur¬ 
ing the magnet,ic declination, inclination, inten!«ity, 
etc. {q.r.), and for recording the variations in these 
quantities. 

Magnetic Permeability. See Fermeability. 

Magnetic Permeance {Elect.) Permeability 
{q.v.) 

Magnetic Poles {Elect.) A magnet whose length 
is Considerable behaves as if its magnetism were 
situate almost entirely at two points at or near its 
ends; these points are termed tlie Poles. The 
condition is iuo.st nearly fulfilled by the magnets 
iiUroduced by Scarle, which consist of a thin steel 
wire having a hardened .steel sphere at each end; 
the poles are almost exactly at the centres of these 
.spheres. See also MAGNET. 

Magnetic Potential {Elect.) I'he magnetic poten¬ 
tial at, a point is the work which must bo done on a 
unit pole in order to bring it up to that point from 
an infinite distance, or from a point where the 
magnetic potential is zero. Sec also Potential. 

Magnetic Reluctance {Elect.) A quantity which 
may be described as the resistance offered to the 
pas.sage of lines of magnetic force through any 
material. It is proportional to the length of the 
material Uirough which the lines run, and inversely 
proportional to the area of the cross section and to * 
the Permeability {q.v.) See also Magnetic Circuit 

Magnetic Remanence {Elect.) See Remakence. 

Magnetic Retentivlty ( A’fecf.) Retbntivitv. 

Magnetic Sands {Mia.) See Ilmbnite. 

Magnetic Saturation {Elect.) See Saturation, 
Magnetic. 
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Ka^etie Shell. A thin sheet of material, one 
surface of wbioh is magnetised positively, the other 
negatively. It may be ima^ned to be built up of a 
great number of small magnets, each of length equal 
to the thickness of the sheet, placed side by side 
with all their like ^olesj pointing in the same diroc- 
4^. tiooi' The Stbbnoth of a Shell is equal to its 
'Magnetic Moment per unit area, or, what is the same 
thing, its Intensity of Magnetisation (^.r.) multiplied 
b;^ the thickness of tlie shell. The chief importance of 
a magnetic shell (which is a purely theoretical con¬ 
ception) is that it produces the same magnetic Held 
as a closed circuit of the same .shape as the boundary 
of the shell, and which carries a current equal to tlie 
strength of the shell. 

Va^fitic Storms (^AMeortil.) Abnormal variations 
in the earth's magnetic condition which affect the 
compass needle. 

Susceptibility (Elept.) See Busceptx- 

rilLITT. 

Magneting {En;/.) The sep.iratian of parl.iolos of 
^on from those of brass, copper, etc., when filings or 
borings arc to be sinelu-d. 

Magnetisation, Intensity of {Elect.) See Ix- 

TBSSITY OF MAGXIiTlSATlUX. 

Magnetism. (1) The science dealing with t!:e 
propertic.s of magnets and magnetic fields. (2) Tl»o 
state or condition giving rise to the properties of 
a magnet. A magnetic field is produced when(!ver 
electricity is set in motion. By causing the current 
to flow in a circuit of sniiable form, the properties 
of a magnet m.ny l)e reproduced. Ampere deduced 
that all magnetism is due to electric eurrents liov. iag 
in closed ciretiits of small dimensions, which are 
present in the matter under observation. A later 
modification of this theory points to the movement 
of Ions (j.u.) in closed paths as being equivalent to 
the currents of Ampere’s hypothesis. 

Magnetite {Min.) A sesqnioxide and protoxide 
of iron, Fe^Oj. FcO. Iron = 72 5, oxygen = 27’5 fu r 
cent. Cubic, commonly occurring in octahedra, often 
embedded in slaty rocks ; also massive. Colour and 
streak black. Strongly magnetic. It Is a very 
valuable ore of iron. Of wide di.stribntiun, but 
sufficiently plentiful to mine in Norway, Sweden, 
* Lapland, and Siberia. 

Magneto Electric Machine {Elect.) A term now 
applied to a small dynamo having permanent field 
ms^ets. See also Dynamo. 

Magnetograph (Elect.) A recording instrument 
for registering variations in the magnetic elements 
(q.v.) 

Magneto Ignition {Motor Cars, etc.) The use of 
a magneto electric machine (q.v.) for the production 
of the spark required for the ignition {q.v.) in gas 
and petrol engines. 

Magneto Motive Force (Elect.) See Magnetic 
ClECCIT. 

Ma^fleation (Optu-s). The apparent increase in 
• the size of an object when viewed through (or pro¬ 
jected by) some optical system. 

Magnifying Power (Optics). The ratio between 
the angle sul^ended at the eye by the image of an 
object viewed through an optical system, an<^ the 
corresponding angle when viewed by the eye alone. 

Magnitudea, Stellar (Astron.) Stars appear of 
different brightness; that is, their magnitudes are 


differeiri. The brightest stars are of the first mag* 
nitnde. The Light Batio (q.v.) between or» 
magnitude and the next is 2*512. 

Mahl Stick (Paint.), See MAULSTICK. 

Mahogany. See Woods. 

Mail (Armour). A generic term for all kinds of 
metal armour, formed of rings, ohain, or scale. Bueb 
axmour was used by most Northern nations, as well 
as by others, from the earliest times until the four¬ 
teenth century, when it was superseded by plate 
armour. 8e.e Abmoub. 

- or Mailie (Silk Manufae.) A small oval 

shaped eyelet through which warp thread passes in 
figured haniess. Made of glass for organzine and 
fine warjis, and of metal for coarse spun and other 
warps. 

Mains (Elect. Eng.) The iasulated conductors by 
which the current is left from the generating dynamo 
to the points where it is requii^ for lighting or 
power. The conductors consi.st of copper wire.s, 
.strips, or rods. 'I'he insulating materials which sur¬ 
round the wire.s are u.sually covered with some pro¬ 
tecting coating, e.y. a learlen sheath, and the whole 
main is generally laiil in pipes, troughs, or other 
forms of conduit. 

Mainspring ( Watches and (’lochs). Tbe agent of 
energy in portable timepieo 98 and small house clocks. 
A long strip of tempered steel coiled in the barrel, 
so that in its elastic endeavour to uneoil itself it 
drive-s the train of wheul.s. 

Maintaining Power ( Watches and Clochs). Tbe 
nieciianism which keejis a weight clock, or a fn»ee 
w.atfii or cl’>ck, going during the time of winding. 
See Fcsee, Going 

Maintenance, Cap of. See Cap of Maintenance. 

Maize (lintany. Foods), Indian corn or mai-.se, 
Zoa mays (order, (framincfeX is a most important 
cereal, not only as a food hut also for the varied 
u.ses of the Icave.s, ole. In its nutritive value tills 
resembles oat.s, containing a large qufintity of fat; 
but its albumen, to be lendered digestible, requires 
careful cooking. Being neficieut in gluten, maize 
does not make good breml. The grain is liable to be 
affected by a fungu.s, which causes in m.TO a disease 
known as pcllagea, closely re.seinbling scurvy. 

Majolica. A class of pottery tlic decoration of 
wliicli is effect od by means of white and coloured 
glazes. Gonsidcrable quantities of majolica are pro- 
(iuce.d in England, but its home is Italy, where the 
productions of Lucea della Robbia and Mixestro- 
Georgio in the fiftceiitii and sixteenth centuries still 
.stand prc-cminr nt as masterpieces in this special 
type of ceramics. The wares of the former master 
are chiefly of a yellow body, covered with an opaque 
white stanniferous glaze, and further ornamented 
by tbe application of coloured glazes. Tho.se of the 
latter are distinguished by wonderful metallic lustres, 
wliich it is practically impossible to produce at the 
present day. 

Major (Music). (1) In intervals the term given, 
to the “ greater" of those which are alike consonant 
or alike diasonant, viz. seconds, thirds, sixths, and 
sevenths, the smaller being termed “minor." Major 
intervals contain one semitone more than minor 
iutervahs. (2) BcalGs and concords which liava a 
major third from tbe keynote and root respectively 



MAJ 


375 


MAL 


are called " tnajor,” those having a minor third being sodium snlpbate, and the dye precipitated by adding 
called “ minor.” zinc obloride a‘nd salting out. 


Ha^op Axil., The longest diameter of an ellipse. 

Major Tone (JBmmA), The ratio between the 
frequencies of. two notes which respectively are pro¬ 
portional to 9 and 8 . It is termed the interval { in 
acoustics. 

Make. (1) The amount or number of separate 
articles produced in some given time. (2) The style 
or quality of article turned out under given conditions. 

Make Even iTypog.") This term apidies more 
generally to newspaper work, and implies that the 
compositor is to make his “ take ” or portion of copy 
finish off at the end of a line, unless it be a para¬ 
graph ending. This enables the various takes to be 
closed up without loss of time. 


HO. 4 - C,H,S(CU,), HO. 0 ^OgH^NCCJ^ 

tdmoa Base ^ Colmir Buis ^ 

(Culuarleiw). (Oalottr]«||). 

/C«H,N(CH,), 

/ ^ 
c4c,H.:N(CH,), 

\ 

Salt of Colour Baw 
(Dye). 

See Dyes anu Iiycisq, 




Colour Buis 
(Oalottr]«||). 3! 


Hale and Female i,£!ng.) Two parts forming a 
pair fitting into each other, such as a bolt and its 
nut. The former is termed a male screw or male 


Make Up (Typog.') The term is applied (1) to the 
process of composing tyi^ into columns or {>ages; 
.(2) to the matter when made up; (3) to the articles, 
etc., selected to form the nnml^r or issue of a 
periodical. 

Making Ready (Typey.) The prclirmnary process 
of printing, consisting of the proper placing of the 
forme on the press or machine, the registering of 
pages, and the securing of uniform impression of the 
type. In printing illustrated wurki. from wood block.s 
or mechanical engrax j/igs it al.so dciiote.s the several 
proces.ses of nudcrlaying and overlaying iq.v.) re¬ 
quired to pri.)diice the correct impression and artistic 
effects the \arying subjects demand. 

Making Up or Mending Up {^Foundry'). Eupairing 
broken edge.s in a mouhl atter the pattern is witli- 
dnawn. 

Malacca Tin (.Vrt.) Tin of good quality from 
mines in the Straits of .Malacca. Also termed 
Stbaits Tin. 

Malachite (Alin.') A basic cupric carbonate, 
2CuO . . IIjO. Oxide of xMjiper = 71’8, carbon 

dioxide = 20, water = lj'2 per cent. Also callcil 
Green Carbonate of Coi>pcr. See AZUBITB, Mono- 
symmetric, but rarely crystalli.scd. Usually massixe 
and radiating. Often mnmmi Hated. Green in colour. 
It is used as an ornamental stone. Very valuabhx as 
an ore of copper. It is found sparingly in Corn¬ 
wall, Cumber).anxl, Wigtonshire, Shetland, Cork, and 
Limerick in the Eritipli Isles; more abundantly at 
Chessy in France, I’urra Hurra in South Australia, in 
Siberia, the United States, etc. 

Malachite Green (Chem.) This name is given to 
various salts, such as the oxal.atc, (diloride, and 
zinc double chloride of tetramethyldiamidotriphenyl- 

/ c,H,.N(crr,), 

carbinol, HO. C ^ ('.H,. N’CCH,)*- The last named 

compound forms colourless shining leaflets, raelting 
at 132‘’. Insoluble in vvater; soluble in alcohol. 
With acids in the cold it gives colourless .solutions; 
but on warming, salts of the base are formed which 
have a spdendid grc;en colour, and are valuable dyes. 
On reduction it yields the leuco compound tetra- 
methyldiamidotriphenylmetliane. Malachite green 
is prepared as follows; Bcnzaldehyde (1 mol.) and 
dimetbylanUine (2 mols.) arc heated with hydro- 
ohlotiq acid, giving the Icuco compound ; the latter 
is carefully oxidised by lead peroxide and dilute 
hydrochloric acid. The lead is romoveti by adding 


element; the latter, the female screw. 

CH.COOH 

Haleie Acid || White rhombio 

CH .coon . 

prisms; melts at 130°; soluble in water and*in 
alcohol. On distillation it yields the anhyrliide 
CH.CO . 

II ^O. Reduced by sodium amalgam or hydri- 
OH.Ctr 

odic acid to succinic aciil ; oxidised by jjotassium 
permanganate to mesolartario acid. Yields acetylene 
when a solution of its potassium salt is electrolysed. 
It is ohaugod to fumaric acid on heating at 200°. 
Obtained from the anhydride or from malic acid 
(q.v.) directly. The anhydride easily yields the acid 
x>n solution in wrxtcr. Furaario acid yields the 
anhvdrido when heated alone or with PCI 5 . 

CH.OH.COOH 

Malic Acid (Chem.), i . A whit® 

CH.,.OOOH 

crystalline solid (needles); melts at 1(X)°; deli- 
qiie.s\ cnt; solui^le in water and alcohol. On heating 
it tieljaves as follow.s: ()uiokly distilled, maleic acid 
passfs over and fumaric acid remains behind. Kept 
for a time at IHY’ to 150", fumaric acid is produced. 
Above this temperature ni.aleie anhydride is formed. 
Heated with Ixydriodie acid it gives .succinic acid. 
Willi sulphuric .acid and a phenol it forms cou- 
marine.s; e.g. with ro-snreUi it gives 4-oxycoumaril^ 
/CHrCII 

DO.OaH. < I . Malic acid is found in many 

\o-co 

fruits, etc.; e.g. unripe apples, cunrant.s, cherries, in 
rhnbarb, the tobacco plant, etc. It is obtained from 
mountain ash berries by neutralising the juice with 
milk of lime and boiling till impure calcium malate 
separates, and this is converted to the acid salt by 
addition of nitrio acid, and the acid salt purified by 
i-ccrystallisation. From the. acid salt, malic acid is 
obtained by precipitating the calcium as oxalate and 
crystallising tlie solnl.ion. It can be synthesised 
from succinic acid (q.v.) thus; 

CHjCOOH CHlSrCOOH UHOHCOOH 

I “^1 -^1 

CHjCOOH Bij CHjCOOH AgOH CH,COOH 

Malic acid contains an asymmetric carbon atom, and 
is accordingly known in the dextnirotatory, laevo- 
rotatory, and inactive forms. ^ 

Malleability (Pity*, et.o,) The property possessed 
by varirns nioials of being beaten out into sheets or 
otherxvi^e changed in form by hammering, without 
being fractured in the process. 
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Malleable Cast Iron. Castings which have been 
deprived of sonje part of their carbon, thereby 
leaving the iron less brittle. Used instead of forg¬ 
ings for some small parts of machines, as malleable 
castings are cheaper than forgings. 

Malleable Iron. Wroughtdron ; the term is some¬ 
times incorrectly applied to Malleable Cast Iron. 

Mallet (_Carp., etc.) A tool consisting of a heavy 
head fixed ou a handle like that of a hammer. Used 
for striking cliiscLs, wooden obje<^ls which would be 
injured if struck b}"^ a hammer, t ic. The head may 
be a block of wood, an iron casing witli a wooden 
core, which projects at each end of the easing so as 
to form a striking face, or occasionally some other 
material, e.g. raw hide, which is cut into a .strip 
an^l rolled up to form a cylinder. A raw hide 
mallet is very nscful for many kinds of work which 
would be injured by a blow from a wooden mallet. 

Malm RabbePS. Soft bricks used fur the voussoirs 
of gauged arches. See also IluiCKS. 

coon 

I 

Malonic Acid (Chem.), CTT„ 

I 

coon 

While crystalline solid; melts at .'t2®; readily 
solnble in water .and in alcohol. On heating ahovc 
its melting })oint, it dccomiiosc.- into carbon dioxide 

,fOOU C’llj 

and acetic acid, (’ll, / = I + CO... 

■ H’OOIl COOH 

It is obtained from monoehloracelic acid bytoapo- 
rating a solution of its potassium ."alt with j'otassiiini 
cyanide, and hydrolysing tlic pi>t<a.«.sinm cyaiiacotato 
so -tiroriuced with strong hydrochloric acid : from 
the product the acid is extiuctcd by ether. 

C11,C1 C'H.CK CTI.,(OOn 

I r- ^ j * u ^ I 

COOK KCN COOK IlClAq COOH 


The ethyl ester is far more important than tlie 
acid itself, on account of the large mnnher of syntheses 
which can be iKTformcd with it. I’his o.ster, whicii 
boils at 195°, is made from the potassium cyanacetate 
obtained as abo%e, by acting on it with absolute 
alcohol and dry hydrogen chloiidc, pouring into ice- 
cold water, extracting with etiier, drying, and frac¬ 
tionally distilling tlie dry ether extract. In fliis 
ester one of the metliylene hydrogens is replaceable 
by sodium (both hy'drogens can be replaced by sodium 
cthoxide), and the sodium malonic ester readily 
reacts with halogen derivatives, as follow.s, e.g. 


COOCjHj COOC'Jl, 

(!;H, Na CHNa 




COOCjHj 


CIIGJl, 


COOC.Hj COOCiHs COOC,,Hi 

The hydrogen atom of the i-tbyl malonic c.ster so 
obtained can be replaced in a |xirtectly similar 
manner. When these alkyl and other malonic ester 
derivatives are hydrolysed, tlie resulting dibasic acid 
readily splits oif carbon dioxide on heating, e.g. 


COOH 


CnCjII., 
00011 

Ethylmalo&ic Acid. 


= CO.. + CHj. CjHs 
I 

COOH 

Butync Acid. 


I 


dbOH 

COOH 


CO, + CH(CHJ, 
COOH 

Isobntyric Acid. 


Other important examples of the use of ethyl 
malonate as a synthetic agent are the following: 

(1) Disodium etliyl malonate with ethylene di- 
bromidc yields ethyl trimethylene dicarboxylate. 

CH,Dr 

I + Nar(f^OOC..lTs)a = 2NaBr + 

CHjBr 

I > C'(COOC,H,), 

CHy^ 

(2) Sodium ethyl malonate with ethyl mouobrom- 
nci'tate yields succinic acid. 


COOtUJs 

I ■ i 

CIlNa + rirCH..C00l '..lls=CH.CH,.COOf.’ H* + NaBr. 

I ' ‘ I 

COOGJIi COOCdlj 

COOC.ili cooif 


ciicii,,cooc,n5 + :;n 50 =iTi(Ti.,C()oiT + 


aCjH.OH 


COOC'.Hj 

COOH 

CfT.(TI..COOII 

1 " 

COOH 


coon 

(Tl„.Cnj,COOH 
CO, + ! 

CtlOlI 


In this kind of ri-actu.n tlic complexity of the 
hatigcn fatty ester, atul also of any alky! group 
lu-cviou.sly intiiidiKMtd into the oth.tl nmlonate, iu- 
lluences the re.stdt by “ s]taec tiliiug." Tims tlie 
reaction occur* readily between sodium ethyl raalo- 
nate and ethyl inonobnimneetale, Ics.s readily when 
ethyl o-brompropiiinate is used, and still le.ss rcailily 
wiien ethyl a-brorui.sobufyr;>te is u.scd. With ethyl 
alkylsodiomalonate and etliyl monohromaeetatc the 
case of the reaction depends on the .alkyl group, being 
easic.st with methyl, less easy with ethyl, ami not 
occurring at all wiih the i.sopnipyl group. (3) Ethyl 
sodiomalonate, when heated to 120'’ U> undergoes 
condensalioii to ethyl phloroglucin tricarboxylate: 

COOC.,Ils 

/ 

Iliapof:. HCXaNafTl . COOC.H, 

j - SG^HsONa + 

H5C„0.0C CO.OCjsH, 

HCXa 

(!)00(J,T1j 

CO 


HiCpOC.lK' 

OC 


C. COOG^H, 
CO 


HO 


ioOCA 
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Molt. On germination of the barley grain, Hor- 
<deum rndg/vre (order, Chraminece), under suitable 
conditions of warmth and moisture, the ferment 
DxastasX! is formed, which changes the starch of 
the grain into grape sugar and dextrin. The result 
is msdt. 

Maltase or 'Gluoase (^Chcm.') An enzyme Qi-v.) 
having the property of hydrolysing the sugar 
maltose to glucose; it can also to some extent re¬ 
produce maltose from glucose. The enzyme is 
widely spread in both the animal and vegetable 
kingdoms, e.g. in the intestine, iiancreas, liver, the 
blood, and in yeast and the moulds Aspergilla nlgcr 
and PenicUlium glaitruni, in iiiai/e, etc.; hut the 
enzyme from all these i.s probably not quite (he 
same, as yeast maltose hydrol\ .ses a-methyl glncoside, 
while animal maltase dt)es not. Maltase has the 
property of resolving amygdalin into a simpler 
glncoside (the glnco-ide of bcnzaldchydecyanhydriii) 
and one molecule of glucose. ^ Its oj^timum tempera¬ 
ture is 40° to 45°. The enzyme i.s prepared from a 
watery extract of maize or from yeast. 

Maltose C’ljH;,/),, • 11.^0. A white crjsial- 

line solid; soluble in water; sparingly soluble in 
alcohol; dextrot<>ta(ory : the fresh solution, + 
on standing, + llilVS''. lletluces Kehling’s solution 
and ammoniacal silver; gives an o^izone (;/.?’.) with 
phenylliydrariue. (,'aretully oxidised by bromine 
watt'r, it yiehis a monobasic acid, malt'ibionio acid ; 
oxidised by nitric acid, it gives the diba.sic saccharic 
acid. The enzyme malta-e (t/.r.) hydrolyses it to 
glucose; so does dilute sulphurie ae.id on heating. 
It i.s fermentable by yea.st to ahohol and caibnn 
dioxide. Mall 0.-6 is prepared fr/m starch by the 
action of malt; dilute stareli paste is treated with 
malt (or malt extract) at hO'' for an hour, boiled anti 
iiltere'l, concentralcMl, and the syruyi extractctl with 
alcohol. After some days the alcoholic solution 
deposits cr.Nsials of maltose. 

Hameliwes (Arnumr'). Circular ornamental plates 
or bossc.s fusteneil tm the surcoat of a knight over 
the brcitsts. Attsiched to the mainclieres were 
chains, one of which secured the helmet, the other 
the sword. They were used from temp. Edward 1. 
to Henry V. 

Mammals or Mammalia (Aho/.) The highest 
class of animals. The chief characters distinguishing 
mammals from lower classes arc: (1) the close and 
prolonged connection between the mot her and nnliorn 
young; (2) the nutrition of the offspring by the 
mother’s milk. There i.s a small .sub-class, liowcvcr, 
the MoxOTliEMAT.t, including the Duckmole {Ornitfi- 
erhywus) and certain other animals, which, though 
possessing mamniaJian characters, are oviparous, i.e. 
lay eggs, A second sub-class include the M.tE- 
fiUPlALS (kangaroo, etc.); in this the young are born 
prematurely, and transferred to an c.xtcrnal poucJi. 
All other mammals arc cla.ssed as 1 ’lacektal Mam¬ 
mals, from the jireseneo of the I’lacenta, the structure 
uniting the young, before birth, to the mother. 

Mancando (Mvme). Weakening the tone. 

Manche or Maiuiche (Her.) A sleeve with long 
hanging ends, as worn hy ladies about the time of 
Henry L Used as a charge, but in very conventional 
form. , 

Maadelio JLoid (Chem.) Phenylglycollic apid, 
C.Hj . * CHOU . COOH. Contains an asymmetric 
oarlwn atom,* and is accordingly known in the 
dextrorotatory, hevorotatory, and inactive forms. 
It is a white crystalline solid; the active* forms 


both melt at 133°, and the inactive form melts ^ 
118°; it is soluble in water, aloohol, ether; it is 
oxidised by dilute nitric acid to benzoylfonnio add, 
then to benzoic acid ; 


C.HjCHOH CgHsCO -> C.HjCOOH 
COOH ^OOH 


It is reduced by hydriodic acid to phenylacetic aoid. 
The other halogen acid-s give pheuylhalogcn acetio 
acids. It is obtained from amygdalin by warming 
with hydrochloric acid, ami synthetically by acting 
on benzaldehyde with hydrocyanic acid and hydro¬ 
lysing the product: 


CsIIjCllO -> 


C„H,.cZoiI 

IICLN \CH2n,0 


CJI,C:^OH 

NCOOH 


Th«» active form.s can be obtained from the inactive 
form by making tlic cinchonine salt of the latter and 
crystaliislng. The <?-mamielic acid salt is the less 
soluble. Also Pt-nieiIlium, glaumvm, destroys the 
Imvo form, and leaves tlic dextro form, wlien it is 
allowed to grow in inactive ammonium mandclate. 
When the inactive acid is made into the laivo 
menthol ester the dextro aoid esterifies quicker 
than the Irovo acid, and in this way a separation 
can be eilected. 


Mandevile or Mondilion (Cost.) A jerkin or 
hiose cloak, geueriilly without sleeves, worn during 
(he .sixteenth and seventeenth eenturies. 


Mandoline ike Musical Instbumbnts 

(Btiuncku, li ) 

Mandrel or Mandril (P^xg.) (1) A general term 
for a c.ri'r'drical object on which work can be 
mounted lor operation in t.ie lathe or elsewhere, 
(2) Tlic spindle of the headstock of a lathe (q.v.) 

Maned (Her.) When the mane of an animal 
dilfers in tincture from the body, it is blazoned 
maned or, or gii., etc. 

Manganatea (Chrm.) See MangtAKEsb Cou- 

POUMUS. 

Manganese, Mn (Chem.) Atomic weight, 65. A 
In.'trous reddish grey metal; melts in hydrogen at 
1240°; stable in air only tvlien pure; when finely 
divided it atbucks water on heating. Easily attacked 
by acids, giving a manganous salt and liberating 
hydrogen; even acetic acid attacks it. It precipitates 
most metals from solutions of their salts, especially 
the sulphates, on warming. It is not magnetic. For 
its alloy with iron see Iron. Manganese bronze, used 
in making ships’ jimiiellcrs, is an alloy of copper 
with ferroinangane.'c. Its principal naturally 
occurring forms are the dioxide, called PYROLUSITB, 
.MnDj; Braunitb, Mn..O,; Hausmannitb, Mu,0,( 
Mancanmsb Spab (Khodockositb), MdCO,. The 
metal may be best obtained by the Goldschmidt 
process (q.v.)’, also by electrolysis of a saturated 
■solution of manganous cliloride, using a kathode of 
pure mercury and an anode of carbon contained 
in a porous pot; the product is washed, dried, 
pressed, and gently heated in a stream of pure and 
dry hydrogen. 

Manga ne aft Bronze (Met.) An alloy containing 
copper, tin, and some FEKEOM.'iNGANBSiii (q.r.) It 
forms a very durable alloy, which resists sea y/nXxst, 
and is used for profxfilera of ships. 

Mawganenft Compounds (Chem.) Manganese forms 
three classes of compounds, viz, MAHaANOUS SALTS, 
derived from the oxide MnO; MakgAKIO Salts, 
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derived from the oxide Mn,0^; and stdts in which 
manganese oconm in the acad radioal, Mas- 
GAXiTEa, B‘,MnO,; MANaAHATBS, B'jMnO.; and 
Pjahansakatbs, B'MnO^. Maxoanovs Oxidb, 
MnO; A gr^ powder; heated in air it gives Mi^O^; 
with acids it yields the manganous salta; obtained 
by heating any of the higher oxides in a cun'ent of 
h^rogen. If the dioxide is used and the hydrogen is 
mixed with a little hydrogen chloride, the product is 
orj’stalline. Jftnnganoushydroxide, Mn(OII)„; A white 
solid which rapidly oxidises on exposure to air, 
forming ultimately Mn^O,. It is obtained by mixing 
air free solutions of manganous cblurido and caustic 
potash in absence of air. Manganous Chlobide, 
MnClj: A rose coloured deliquescent crystalline solid; 
vapour density at 1200°—15LV)° corresponds to formula 
Mn^Cl^; very soluble in water and in alcohol; it 
gives a green flame in the Bunsen burner. From its 
aqueous solution it crystallises with 4 II 2 O. Obtained 
by heating the carbonate in a stream of dr 3 t^iydrogen 
chloride. Prom ordinary manganese dioxide (which 
contains iron) it may bo prej'arcd by boiling with 
hydrochloric acid, precipitating a fraction of the 
solution by .sodium carbonate, filtering and washing 
the precipitate, and putting it into tlie remainder ot 
the solution ; the manganese carbonate jtrecipltutes 
all the iron as hydroxide; the liquid is now filtererl 
and crystallised. Manganous St^LUHATE, MnSO,: 
A faint rose coloured solid obtained by hctiling 
MnSO^oIljC) at 2S0°; decomposed at a red heat to 
Mn,0^, sulphur dioxide and oxygen. The salt is 
known crystallised with from 1 to 7 molecules w'atcr 
of crystallisation. Its solution crystallised below 6° 
gives MnSO^THjO; isomorphous with FeSOJil..O; 
crystallised betw*een 7° and 20° it gi\ es MnS0,5El‘0; 
isomorphous with copper sul])hate, CuSO^CIljt), 
Double salts with the alkali sulphate are known, 
e.ff. K*SO,MnHO<6HjO and K,S(»,MnSO,4IU). To 
obtain the salt, manganese dioxide is lioatcd with 
strong sulphuric acid, water added, filtered, a jiart 
precipitated with sodium carbon.ate, and so on just as 
under Manganous Chloride. Manganous Bobate, 
MnH/BO,)^: Is a white powder when freshly pre¬ 
cipitated, a brownish powder when dried at 100°; 
obtained by mixing solutions of manganous sulphate 
and borax. When adrled to oils which have the 
property of absorbing oxygen from the air and slowly 
forming resins, it greatly accelerates this reaction; 
hence it is used in the preparation of “ drying ” oils, 
etc. Teimanoanic Tbtboxide, Mn,0^: A reddi.'h 
brown solid ; not changed by heating in air; reduced 
to MnO by heating in hydrogen, carbon monoxide, 
or with carbon. Heated with sulphuric acid it 
gives a mixture of manganous and manganic 
sulphates; with hydrochloric acid it gives man¬ 
ganous chloride and chlorine; with nitric acid it 
gives manganous nitrate and manganese dioxide : 
Mn.O^ + 4HNO, = 2Mn(,\OJ, + MnO^ + 2H.O. It 
is oDtained by heating any of the other oxides to a 
high temperature in air, the lower oxide taking up 
oxygen and the higher oxides losing oxygen; aL-o 
by beating strongly a mixture of potassium and 
manganese sulphates t this gives cijstals. Man¬ 
ganic Oxide, MnaO*: The natural form, brannite 
(tf.v.), forms brownish black crystals; the arti¬ 
ficial form is a black powder; strongly heated, 
it gives Mn.Oa. With concentrated sulphuric 
or hydrochloric acids it forms the corresponding 
manf^nic salts—sulphate and chloride; but these 
readUy decompose on warming into manganous salts 
uid meygen and chlorine re.spectively. It is ebtelned 
by allowing manganic sulphate to deliquesce in the 


air, when It ^vos the hydrated oxide Hn^OgHgO, and 
this on washl^, drying, and gently heating gives the 
anhydrous oxide ; also % hewing mangaue.se dioxide 
in oxygen at 230°. Manganic Fpovbide, MnF,; 
A crystalline solid obtained by the action of fiuorlne 
on manganous iodide. When heated it gives man¬ 
ganous fluoride and fluorine, so that if this reaction 
is performed in glass vessels, the glass is violently 
attacked. MANGANIC Chlobide, MnCl,, is only 
known in solution in cold coucentrated hydrochloric 
acid, manganic Sulphate, Mng(80jij: A dark 
green solid; decomposes on beating at 180°; deli¬ 
quescent ; easily hydrolysed by water : 

Mn/S(\)3 + 4II„0 - (Map,.IT*0) + »H,SO^ 

It is obtained Ijy heating a paste of precipitated 
manganese dioxide and sulphuric acid at 110°, till 
oxygen is given off; then at 135° to 140°, till it 
liquefies. This liquid deposits the sulphate which is 
freed from sulphuric achl by allowing to stand on a 
porous plate, then wariiing with concentrated nitric 
acid, and heating at 150° till the latter is removed. 
The Man(4.\nese Alums arc formed by the union 
of tliis sulphaie with the alkali sulphates, c.y. 

K.,S()^. 5In.<'SO,)324UjO 

MAN6.4NESE Dioxide, MhO_., cafled BlackOxi<le 
of .M.-uiganc-'C and hyndn-irc: A black crystalline solid 
or bl.'ick finely divide»l powder. t)a heating, forms 
first Mn„t)j, then Mn,0,. It conducts a current of 
oloctrioify, ami on this account, as well as on account 
of its power to give up oxygen, it is used in the 
Lcclanche coll (^.r.) On heating in hydrogen or 
carbon monoxide, or with carbon, it is reduced to 
manganous oxide. Heated with sulphuric acid it 
gives manganous sulphate and oxygen; with dro- 
chloiic acid, manganous chloride ami cbloiine. It 
acts as a catalytic ageut in the decompositjon of 
hydrogen jxjroxide ami potassium chlorate. It has 
distinctly acid properties, combining with bases to 
form manganitos. Tlie hydrated oxide formed by 
precipitation methods i.s soluble in water, and the 
solution is acid; also, when precipitation occurs in 
presence of a ba.se, (he j)rccipitari! contains some of 
the bjise, i.n. it contains a inanganite. When heated 
withalkalis manganc-e dioxide gives manganafws (see 
Iwlow). It is prerxired by (iissolving manganous 
carhoniite (precipitate the chloride with sodium 
c^irbonate, filter, and wash) in dilute nitric acid, 
evaporating to a syrup ami heating at ItiO® to 165° 
for some hemrs ; washing jiroduct with boiling water; 
drying over sulphuric acid; and finally heating at 
1S()° to 200°. It is formed when manganous sulphate 
is precipitated by excess of potassium pennangaimte 
in presence of acid (nitric) ; but t!ie precipitate con¬ 
tains potassium—in fact, pure manganese dioxide 
cannot be prepared by precapitiition nietliods. 
Besides its use in the Leclaueh6 cell, manganese 
dioxide is used in colouring pottery brown or violet, 
in correcting the colour of glass which contains iiMn» 
and would be coloured by tins, and in the preparation 
of all other luangauese compounds. Manganese 
Tbioxide, MnO,: A reddish, amoiphous, deliquescent 
solid ; slowly decomposes at ordiiiaiy temperatures ; 
with water it first gives manganic acid, H.,MnO,, and 
this decomposes ini ojicrmanganic acid and manganese 
dioxulc; with alkalis it forms manganates. To obtain 
it, dry sodium csTbunate is placed in a flask standing 
in cold water; from a tap funnel a solution of 
X>otassium permanganate in concentrated salphurio 
acid (6 granis in 100 c.c.) is dropped slowly on to the 
carbonate; the oxide i.s given on as a pink cloud and 
condensed in a U-tube filled with broken glass And 
imme^ed in ice and salt. The ManganATBS : Salts 
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of the very oustalde loan^nB! aoid H,MnO,; they 
are green in colour, and isomorphous mth tue sul¬ 
phates ; they are all decomposed by acids. Solutions 
of manganates are only stable in presence of excess 
of alkali. Potassium manganate may be taken to 
Illustrate their preparation and properties; it is pre¬ 
pared by heating manganese dioxide with caustic 
potash. If the reaction is performed out of air and 
in the absence of any oxidising agent, one part of the 
dioxide is used in oxidising the other part: 

3MnO, + 2K:On - KgMnO, + H.,C) + Mn.p, 
r 2MnO- « Mn.,0, + 0* T 

L MnO, + K 5 O. II 5 O + 0~ K ,0 . MnO, -t- II.,O J 

In presence of an oxidising agent such as potassium 
chlorate we have: 


3MnO, + 6K0H + KCIO, - SK^MnO, + 311,0 + KCl 
Potassium manganate te decomposed by water and 
acids, one part of the manganate being oxidised to 
permanganate at the expense of the other part: 
SKjMnO, + 211,0 == 2KMnO, h- MnO, + 4K0H 




K,0. MuO, = K,0 + MnO, = K,,0 + MnO, + O 
2K,0. MnO, + (J = K,0. Ma,0, K.,0 - 

2 KSlnO, + R.,f) 

2K,0 + 2H,0 = iKOH 




6K,Mn0, + 4C0, + jill„0 = 4KMiiO, + MnfX), + 
3K,C0‘, + nl- 1,0 


“ K,0.MnO, -f- 2f'0a = K.CO, + MnCO, + 20 
4K,0.irn0, + 20 «2K'0Mn„O, + 2K,0 =• 
4KJIaO, + 2K,d 
2K,0 + 2C0, = 2k,CO, 




Man«ANE8E Heptoxidk, Mn,Oj; A dark reddish 
brown oil; il(-liqik‘s.ceut; slowly decomposes on 
standing iik air; with water it forms a solution of 
permanganic acid, ilMnC),. It is obtained by dis¬ 
solving polHasium permanganate in concentrated 
sulphuric acid, which is kept cold by l>eing immersed 
in a freezing mixture; on cautiously adding water 
to the green solution, the heploxide separates. The 
PhuMANGANATES; The most important of the.se is 
potassium permanganate, KMnO,; it forms very dark 
red prisms with a bluish lustre; moderately soluble 
in water; on heating it loses oxygen and forms the 
manganate ; it is i-somorphous with jKjttfssium per¬ 
chlorate, Its aqueous solution is a powerful oxidising 
agent; e.g. when boiled witli toluene it oxidises it to 
benzoic acid. On account of this oxidising action it 
is used in medicine as a disinfectant. Its solution 
with addition of caustic potash is also used as an 
oxidising agent; in lliis case the manganate is first 
formed and then reduced to hydrated manganese 
dioxide. Such a solution is used, for example, in 
water analysis in estimating '* albuminoid ammonia.” 
Baeycr used the permanganate in presence of sodium 
carbonate to distinguish between saturated and un- 
saturated acids. Ho gives the following table : 


tyST« NTA N-BOCSL V 

OximuEU. 

Open 

Fomiosoid. TheuoHaturuW 
Mida, *. 0 . foiuiuric, citniuraiic, 
ete,, 'broina(^llo, jimuiullc, 
einiuunic, oleio. H'he last ftmr 
not quite n> rapidly a« the 
othwe. 


Not Ikstantakeously 
• UXIOIBED. 

Formt. 

Batnrated fatty acids except 
formic, e.0, acetic, oxalic, nia- 
louic, etc. It in remarkable 
tliat the ester of malonic acid 
U instantaneously oxidised, be¬ 
having like ethyl acotimcetato. 


Jlinp Form*, 

The nnsatnrated hydrogen lleneene and naphthalene- 
addition products of tile carboxylic acids. Benzene car- 
benzeneoarhoxyllo acids, s.g. boxylio acids saturated with 
diand tetrahydroterephthalic hydrogen, I'.g.hexahydroterepli- 
aoids. tbuUc acid. • 


Potassium permanganate solution'acidified with an 
excess of sulphuric acid acts as a very powerful 
oxidising agent: 

2KMnO, + 4H,SO, = 2KHS0, + 2MnS0, + 50 

On account of this reaction a solution of pormaa-, 
ganste of known strength is much used in volumetric 
analysis. Examples; It oxidi.ses ferrous sulphate 
to ferric sulphate. We have 2FeS0, + H,80, + 0’ 
= Fe,(N04), + H,0; therefore 2E^nO, pves 60, 
which oxidises lOFeSO,; it oxidis^ oxalic add tO' 
carbon dioxide and water. We have 

C,H,0, + 0 - 2C0, + H,0; 
therefore 2KMn0, gives 50, which oxidises 6C,H,0,, 
Hydrochloric acid heated with potassium perman*' 
ganate readily gives chlorine: 

2KMn0, -b IGHCl -= 2EC1 + 2MnCl, + 8H,0 + 601, 
For its action on manganous salts see Manganese 
Dioxide; it also oxidises sodium thiosulphate to- 
sodium sulpliate. When hydrogen or carbon mon¬ 
oxide is passed througli an acidified solution of 
potassium permanganate, oxj'gen is evolved. The 
preparation of this important salt is as follows : 
cau.stic potash and pota.ssiam chlorate are melted 
together in an iron crucible, and manganese dioxide 
added gradually with constout stirring. The green 
mass obtained on cooling is extracted with water, 
and a rapid stream of carbon dioxide passed through 
the liquid, which is then filtered throxq'h glass wool, 
asbesto-s, or guncotton, and concentrated to crystal 
lisation point. Cosdt's Flitid is a solution of a 
crude sodium permanganate, obtained by using 
sodium carbonate in place of caustic potash, and 
oxidising by air instead of potassium chlorate. The 
sodium salt is more soluble than the potassium salt, 
but its reactions arc quite similar. 

Manganese Bpav (.1/in.) synonym for Bhodo- 

KITE (^A'.) 

Hanganite (Jfm.) Hydrous sesquioxido of man¬ 
ganese, M n,0,. Hj[0. Manganese = 62‘6, oxygen »= 
27 it, water => 10 per cent. Orthorhombic, in long 
striated crystals. Iron black. Often associated with 
Bai ytes. It occurs sparingly in Cornwall and Aber¬ 
deenshire ; more plentifully at Ihlcfeld in the Harz j 
also from several localities in North America. 

Manhole (Eng., rtr.) An opening Into a boiler, 
tank, etc., tlirough which a workman can enter to 
insj-iect the interior or to effect repairs. It is closetl 
i)T a closely fitting watertight door held in position 
by bolts, and usually so arranged that the internal 
pressure tends to force it more closely against its 
seating. 

- (llygieTie,Build.) A manhole or intercepting 

chamber is generally constructed on a foundation of 
brickwork lined with cement. The main drain should 
run across the chamber in an open channel formed 
of half or threequartesr channel pipes, ^anch drains, 
in the form of suitably curved channel pipes, should 
be made to discharge oi'cr the main channel, which 
itself discharges into a ;|i’phon trap. This trap 
should bo provided with a raking arm, one end of 
which opens into the manhole. The chamber should 
be closed with an airtight cover, and the fresh air 
admitted by a 6 in. pipe, the manholu end being 
opposite the entrance of the drain, and the open air 
end covered by an iron grating and provided with 
a mica flap. An Inspection Chamber ($',«.)ahQnld, 
if possible, be provided at each point where a change 
in the direction of the dnun is efiEected. 
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Hanihot (liotanp'), A Sooth American plant of 
the order Jiuphorbiaoeee. From the tuberous roots are 
prepared Cassava Meal or Bbaziliae Abbowboot 
and Tapioca, One species {M. glaziovit) yields 
Oeaba Rubbeb. 

Manilla Hemp. A native of the Philippine 
Islands, Mtisa textilu (order, Mumpeee), producing 
valuable fibre for ropes. The fibres are obtained 
from the stem previous to flowering. 

Manilla Rope. Rope made from the fibres of 
Mma hoglodyarum., a plant growing in Manilla. 

Manioc. A synonym for Matsihot (y.r.) 

Maniple or Fanon (^Aroha'ol). Originally a piece 
of linen, shaped like a scarf, worn by priests across 
the left hand or arm, and used by tJje sficrificing 
priest perhaps as a liandkorcliief. On the Payeux 
tapestry a maniple is seen in tlie li ft hand of 
Stigand, Archbi.shop of Canterbury. Subsequently 
the maniple was richly ornamented. 

Manley Stone. St-r Buh.dini; stones. 

Hanna. A saccharine .substance used in medicine 
and obtained as an exudation from tlio incised stem , 
of a species of ash, Fraxinus ttrnnx (order, Olraecre). j 

Mannitol or Mannite fdl.,OH.(ClK>II),. j 

CfljOH. A white crjstaUinc solid; sweet ta.ste; ; 
melts at ItiB®; dextrorotulory in solution in presence of | 
borax; soluble in water, sjiaringly soluble in alcobol. 
Hydriodic acid reduces it to .secondary hexyl iodide, ! 
CpIT,,!. On cautious oxidation with nitric acid it j 
yields the sugar mannose, which is the aldehyde j 
of mannitol; stronger oxidation con\crts it into | 
saccharic acid. A mixture of concentrated nitric, j 
and sulphuric acid.s gives the hexanitrati!. Acetic 1 
anhydride gives the liexa-ai-etale. It occurs in | 
manna (the evaporated s.a]i of spircies of ash), celery, i 
common syringa, in a common fungus {Agarieux i 
integer), and it is obtaincil from rnanna by hoilinu ! 
with dilate alcohol, allciwing to crystallise, and then ; 
purifying the cry.stals by recry si allisation. It is 
also obtained by reduction of mannose, Imvulose, 
and raannonic acid. The l®vo and inactive forms 
are known. 

Mannonic Acid (Ohem.), . (CH0II)/:;OOlI . 

~ CalljjOj. Only' known in tiio form of its .salts. 
When liberated from its salts it forms the I-actone 
Lactones) (’.TTn/itf; a white cryslalline .solid 
(prisms); melts about suluhle in water; it is 

known in the dextro, licvo. and inactive forms. The 
inactive acid can Ixs resolved by makiugitsstryclinine 
salt and crystallising from alcohol when tlie Imvo salt 
separates first. When ri! mannonic acid is heated 
with quinoline and a little water at 140°, it is 
partly converted into d-gluconic acid, the unehangeil 
<f-mannonic acid being separated by means of its 
brucine salt. Mannoijic acid yields mannose on 
redaction. It is prejiared by oxidation of mannose 
(q.v.), or from gluconic acid by heating with quino- 
l^e itee above): 

Mannonic acid Gluconic acid. 

/Heated withy 
\ quinoline / 

Mannose ( au-m..), CII.,OII. (CHOH).CHO. Colour- 
Iras solid; melts at 180°; soluble in water. It is 
known in the dextro, Imvo, and inactive forms. The 
inactive form can be made to yield the Isevo form by 
fermentation with yeast, when the dextro form is 
first decomposed, the laevo form remaining. It is 


sweet; reduces Fehling's solution; yields the same 
osazone as glucose with phenylliydrazine. On reduc¬ 
tion it yields mannitol, and on careful oxidatihn 
with bromine it yields mannonic aci^ It is ob¬ 
tained from the reserve cellulose (semxnine; hence 
this sugar is sometimes called seminose) of plant 
seeds by hydrolysis with a dilute acid; also V>y 
oxidation of mannitol (^.v.) See alee JDextbOSB 
and SUGABS. 

Manometer {Pbgx.) An instrument for measuring 
fluid pressure; the simplest form consists of a 
U-l'Ube, one limb being opim, the other connected 
to the vessel containing the fluid w'hose pressure is 
to be mca-sured. A suitable liquid (c.g. mercury) is 
placed in tVie bend of the tube. The difference in 
level of the liquid in the two limbs enables the 
required pressure to bo calculated. A simple form 
of Aib 51ano,metkr is formed by sealing up the 
fri'o end of a similar U-tubc, so as to enclose a 
convenient volume of air above tbc mercury in tbe 
scaled limb. The pressure is calculated from the 
atnnuiil by wliicli tliis air is compressed, i.e. from 
RoylcV l.aw, making uilovvance for the difference in 
level of the mercury in the two limbs. 

Manometric Flame (J’/tgx.) A gas flame u.sed for 
indicating sin.-ill variations of ga.'^cous ]ires.''urc, iih 
in experiments on vibrating /solumns of air. The 
changes of prcs.sure are communicated to the 
gas .suj plying the fl.-uiio by means of a flexible 
diaiihragra; the space on one side of tliis com- 
municates with the gas .supjily, and Uiat on ibo 
other with the air which is in vibration. The 
variations of prcs.sure cause idiangos in the size of 
tbe flame : these changes arc obscived by means of 
a rotating mirror, as they are too rapid to be 
detected by tlie unaidisl eye. 

Mansard Roof (Jluild.) A roof having two 
pitchis, generally 
and 3tf, to allow space 
for a rot>m in the roof. 
iScf aJxo Roofs. 

Mansfield Stone. See 

Bl’ILIJINO Btones. 

Mantle (//cr.) Along 
robe worn in the mnidle 
age.s over the armour, 
and still used as part of the insignia of knightly 
orders. 

- , Incandescent. A caji or cover composed 

of a meshed fabric containing oxides of certain rare 
earths; when heated by being placed over a noii- 
luininou.s flame it becomes incandescent, emitting a 
brilliant light, somewhal rich in liolrf r.iys. The 
best known form is the Wklsbagh Mantle {q.v.) 

Mantling (//cr.) See LAMBBEQUIN. 

Manual {.Vtme). The keyboard played by the 
hands. See Oboak. 

Manobrinm {fkml.) A process (^.v.) of the 
sternum and of the hammerbone or malleus in 
the ear. 

Maple. See Woods. 

Map Yamish. Ibe prime requisites for a map 
varnish are transparency and elasticity, so that the 
varnish does not hide details, and will not crack if 
the map is rolled.up, nor peel off with atmospheric 
changes. Any nearly colourless gum may be dis¬ 
solved in a colourless solvent to prepare these 
varnishes. Sandarach or mastic, with spirit of wine 
and Venice turpentine as solvents, form the usual 
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ingredients. The Tenioe turpentine increases the 
elastioity. An excellent recipe is; 72 oz. of finest 
mMtic, 46'of oil of turpentine, 10 of Venice tur¬ 
pentine, 8 of camphor, and 200 of strong spirit 
of wine (964per cent.) 

Mavasohino. A liqueur made from cherry kernels 
that have bpen infused in spirit and afterwards 
distilled. 

Marble (Build.) See Building Stones. ‘ 

- (Qcol.) A term often used to denote any 

kind of rock other tlian granite or freestone, which 
is suitable for decorative building purposes. Marble 
is, however, strictly speaking, a limestone of pleasing 
colonr and pattern, which takes and retains a good 
polish. Most of the marbles, and especially those 
with a saccharoidal structure, were originally lime¬ 
stones of ordinary character, which have undergone 
recrystallisation. In the prooes.s of this reconstruc¬ 
tion the various impurities y)i esent in the rock have 
also undergone rearrangement, and thus given rise 
to some of the varied patterns seen in marble. 

Marbled Paper, Marbled Edges (Bind.) Marbled 
paper, i.e. ytaper coloured ami veined in imitation of 
marble, is often used to form the end papers of 
books. It is also u.scd for the oovcivs of certain 
styles of half bound books. Tlio edge.s of books 
when marbled should match the end y^apers. 

Marble, Imitation. See Mabrzzo and Scag- 

LIOLA. 

- , Statuary. Tlie marble chi (‘fly emi»loyed 

for sculpture is of a saccharoidal texture, i.r. it 
re.serables in structure loaf sugar. The marbles used 
most extensively by the ancient (5reeks were (l) 
I'aiian : a finely grained, durable stone from which 
some of their finest figures, including the famous 
Venus de Medici, were formed. (2) Pentelic ; a 
coarser grained stone than Parian; used entirely in 
the construction of the Parthenon. In modern times 
the best known and most extensively employed is 
Carrara, a servicc’able and beautiful medium, wlicn 
pure; but it is not infretyuently blemished by black 
or grey veiiiings. 

Marcasite {.Vin.) A .siilidiide of iron, FeB.„ 
Sulyilmr = f).'!, iron = 47 per cent. Orthorhombic ; 
often twinned. It i.s a ]f*ss stable compound than 
Iron Pyrite.s, and is rather paler in colour usually, 
being a pale brassy colour. It is a much less 
plentiful mineral tlian pyrites. Formerly used for 
ornamcnLil jiurposes. Of wide distribution, often 
in altered limestone; also in the chalk, 

Marcatissimo (Mvnir). Very marked: greatly 
accented. 

Marcato (-VtMie'). Marked: accented. 

Marchioness (Build.) A roofing sLitc measuring 
22 by 11 in. 

Hares* Grease. A lubricant from the fat of horses 
slaughtered for liides, etc., in South America. See 
LtTBlUCANTS. 

Marezzo (Build.) An imitation marble formed 
of Keene’s cement and various colouring matters, 
used for panels, pilasters, and columns. The process 
of manufacture is as follows : threads of raanilla 
grass, floss silk, or other suitable fibres are dipped 
Into a “ slip” (q.v.) of Keene’s cement, coloured to the 
tint of the vcining desired Tliesc are arranged on 
a sheet of plate glass or other smooth surface to form 
the markings. Another thin e nt of “ slij>,” tinted 
to the bo(ly colour of the marble to be imitated, 
is now poured on. The threads are tlien carefully 


picked out, leaving behind them the veining (mlonrs, 
and dry cement is sprinkled on to absorb superfluous' 
moisture. This preparation forms a surface to which 
a canvas backing is attached to strengthen it, the 
whole being further strengthened by a coat of 
cement to the required thickness. Wien dry the 
slab is removed and polished. 

Mapgariae (Funds). Manufactured chiefly from 
beef and mutton fat (a mixture of stearin, margarine, 
and olein). The beef fat is first finely minced and 
heated to about 100° F. The water and dibris sink to 
the bottom, and the fat is run off as a clear yellow oil, 
and ke-pt at a temperature of about 86° P. ’The stearin 
solidifies and the oleomargarine is separated as a 
liquid, filtered, pres.sed, churned up with milk, 
coloured with annatto, cooled with ice, and is then 
ready for side;. By the Margarine Act, 1887, it may 
only be lawfully sold under certain conditions. 
Every package or parcel of margarine must be 
marked in capital letters not less than J in. long, and 
no other printed matter shall appear on the wrapper 
(section 6). All margarine manufactured or imported 
must be consigned as margarine (section 8). The 
premises upon which margarine is manufactured 
must be registered with the local authority (section 9). 
By the Sale of Food and Drugs Act, 1899, section 8, 
no margarine must be sold which contains more than 
JO per cent, of butter fat. Section 6 extends provi¬ 
sions relating to margarine to margarine cheese, 

Margery’s Fluid. A solution of copper sulphate 
used to preserve timber. 

Margin (Build.) The part of each slate on a roof 
exposed to the view. 

Marigold Window (Architect) See Rose Win¬ 
dow. 

Marine Boiler (Fiiq.) These are either cylindrical 
boilers of the type, known as the Scotch Botlbb 
(q.v.) or of the \Vatkb TtrUE type, such as the Belle¬ 
ville, Babcock & Wilcox, etc. See also Boilers. 

Marine Compass. A form of magnetic compass 
(q.v.) su'.peuded by pivoted rings in such a manner as 
to remain a.s horiznital a.s possible dating the motion 
of a ship. In modern ships the magnetic effects duo 
to the iron in the vessel are corrected by fixing 
compensating masses of iron in suitable positions. 

Marine Denudation (Geol.) See Denudation. 

Marine Deposits (Genl.) Sediments of various 
kinds which are left on the floor of the sea. Tiiey 
may be cla.ssed as (1) Pelagic Deposits, which have 
been formed in deep water far from the land ; 
(2) Thalassio Deposits, formed also in clear water, but 
nearer the shore; and (3) Terrigenous Dcixisits, which 
represent materials of mechanical origin left not far 
from the land, and which have bc(‘u transported from 
it by the action of water in motion. The siliceous- 
lladiolarian Ooze is a good example of the first j 
many Foraininiferal Oozes belong to tho second 
category; while the third cm braces the Glauconitic- 
Saiid.s, coral muds, and the various sandy and muddy 
deposits that are left within a few miles of tha 
shore. 

Marine Engine (Eng.) Modem marine engines 
are almost invariably compound engines, with two, 
three, or sometimes four inverted cylindtrs, in wbicli 
the steam is expanded in succession, Sus Steam 
EN(JINE. The latest development is the use of the 
Steam Turbine, as in the Queen (Channel service), 
Edward VJI. (Clyde), and certain yachts and tor^o- 
boat destroyers. 
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HwIm (Hue. A cement; oontuoing rubber, 
ehellac, and oil. It is melted and applied bot to 
wood aiTd other materials where a watertight joint is 
required, 

Harinoni Machine (iVint.) See Tyfoobapht. 

Harking Gauge ( Carp., etc.) A short ro<l of wood 
having a steel marking point projecting at right 
angles near one end; on the rod slides a block 
forming a guide or “fence," which can be fixed in 
any required position. Used for marking a single 
line parallel to and at a given distance from thee<ige 
■of apiece of wood. Cf. 'Morticb Gauge. 

Harking Ink. See Ixks. 

Harking Out {£lnff.) The process of marking 
on a piece of work the principal linos, centres, and 
measurements of the finished article. 

Hark n£ Oadenoy or Difference {Her.) A device 
adopted to distinguisLi different meml>er.s of the same 
family who bear the same arms. See IjAbel. 

Harks {Met., Eng.) The brands, such as B, UB, etc., 
which denote the quality of metal. 

Marks of Reference {Typog.) See Notes. 

Marl {6eol.) In text books marl is generally 
■defiued as a *• calcareous clay ”; in practical geo¬ 
logical work the term is almost universally ajtjtlied 
to any half-indurated clay, which readily crnmhlc.s 
to small fragments and c^cntually forms into chi)’ 
of the orrlinaiy type after (xposure to the weather. 
The marls of the New lied or of the Old ited 
rock are to pical examples. Th<' clay which, mixed 
with shells and other calcareous matter, forms at 
the bottom of some lakes, is (listinguishecl as Shell 
'Makl. See also BuiCKS. 

Marquetry. A method of decoration effected by 
inlaying witli pieces of wood, metal, and other 
materials of iliffercnt colours placed in juxtaposition, 
and arranged to form various patterns. Buhl furni¬ 
ture is an example of this ‘■tyle of decoration. 

Mars (Astron.) Distance from sun, 141,.500,000 
miles; diameter,4,280 mile.s ; iHuiodiotiroe, <iS7days ; 
time of rotation, 24^ Ijours. It has two small .‘satel¬ 
lites (Phobos and Deimos), Periods 7’ hour.s and 
-.SOJ honrs respectively'. 

Harsh QM{Ckem,) A common name for Methane 
{q.v.) 

Harsh’s Test {Chem.) A test for arsenic and 
antimony depending on the production and be¬ 
haviour of their compounds witli hydrogen. The 
substance to be tested niust Ik-; in sf)lution or be 
soluble ; if it is mixed with organi.- matter, tliis must 
be destroyed, for example, bygi ntlc warming wilh 
iiydroohloric acid and potassium cbh)ratc, anil sub¬ 
sequent removal of all traces of cblorine and 
chlorine oxyacids. A compound like ar'-cnious sul- 
pliide must be oxidi.’.ed to arsenic acid by nitric 
acid, and excess of the latter removetl by evaporation, 
because the sulphide is insoluble in the reagents 
■employed, while arsenic acid is readily soluble. Zinc 
or magnesium free from arsenic is placed in a fla-k 
fitted with delivery tube and tliistle funnel. 'J'i.e 
■delivery tube is attached to a tube of calcium 
chloride to dry the escaping gasp's, and the drying 
tube is attached to a piece of hard glass tubing, 
narrowed to a jet at the further end. Dilute 
hydrochloric acid freed from arsenic (this can be 
done by previously heating the acid with clean strips 
■of copper) is poured down the thistle funnel on to 
the one or magnesium. With zinc, if the action will 


not begin, a little platinum' chloride may be added. 
The apparatus is irow left till the hydrogen which ie 
generated has displaced all air from Uie apparatos. 
Now the solution to be tested is poured in, and 
some of the hydrogen, instead of being set free as 
such, reduces the arsenic or antimony compound to 
hydride, AsH, or SbH,, which escapes with the excess 
of hydrogen. If a fair amount of arsenic or antimony 
is present, the hydrogen and hydride may be lighted 
at tlio tip of the hard glass tube, and a cold porcelain 
surface held over the flame. The incomplete air 
.snjiply caused by the porcelain burns the bydi'Ogen 
of the hydride to water, while most of the arsenic or 
antimony, if the flame is not large, is deposited on 
the porcelain. This deposit is soluble in bleaching 
powder solution if it is arsenic; insoluble if it is anti, 
rnony. A drop of nitric acid dissolves it in both cases 
on warmiug, and silver nitrate added to the solution, 
foHoweil by very cautious addition of ammonia, gives 
a reddish brown precipitate with arsenic, but not 
with antimony. If the amount of arsenic or anti¬ 
mony is small, the hard glass tube is hunted, when 
the hydride i.s rc.«olvod into its elements, and a 
deposit of arsenic or antimony is obtained ; with 
traces of these elements tins process must go on for 
hours. The deposits can bo distinguished by their 
appearance and by subliming them in a current of air 
when the arsenic forms cry.-,tals of arsenious oxide 
which can be identified under the microscope, while 
the antimony gives an amorphous dc}X>sit of oxide. 
This process can be maile quantitative by comparing 
the arsenic deposit with that produced by a known 
amount of ar.-euic in a .similar :ipparatu.H. Several 
sub.stances iutericre witlt the. production of the 
hydrides, e.g. presence of iron, nitrates, nitrites, 
suljibnretted hvdrogon. It is fi very delicate test, 
but ‘.ijiiiiions vary as to its delicacy; it wall detect 
of a millicrrain of arsenic, or, according to some, 
“f a milligntin. 

Martel de Fer (./I rms). A hammer headed weapon, 
being a combination of the mallet and jack, one half of 
ihi‘ htiad being silapi-d like the oniiu.ary liaiumar or 
mallet, the other pointed like a pick. There wore 
tuo kinds, the long htuidled and the. short handled, 
the former u.sed cliiefly by liorsemcn. Used during 
the fourteenth and fifteceth centuries. 

Martellato {Music). Jlammurol. 

Marten {Jiiwl.) A rnemlier of the polecat and 
wcajicl family (onlcr, MaxtrlUla-). The Pink Mabten 
{.Vitstela niiirti's) yields a valuable fur, which is 
often solil as an inferior sable. The AhekicaN 
Marten {M. aviericana) tilso has a fur of great 
value. 

Martensite ( Cht m ., Met.) See Iron, 

Martlet ( Tfer.) The. heraldic swallow, represented 
without legs and with long wings. It is used as 
a dilferonee or mark of cadency for the fourth son. 

Marver f Glass Manv/ac.) A poli.slied plate of 
cast or wrought iron placed upon a wooden bench or 
stool. Used for consolidating and centreing the 
rnohen glass upon the blowing iron. See also GlaBS 
Ma.vufactuee. 

Marziale, Alla Harsia {Music). In march time: 
martial. 

Mascle {Her.) A lozenge, perforated or “ voided." 

Mascled Armonr. A kind of mail armour con¬ 
sisting of lozenge sliaped pieces of metal attached to 
a leathern tunic. Armour of this kind was worn by 
the Normans, and is depicted on the Bayeux tapestry. 
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Mask (Pi^to.) An opaque eoreen, often of black 
paper, or else of some Tamisb painted on, used to cat 
of!! part of a negative daring printing. 

- or Maac [lie (ArcMteet.) An ornament used 

in cornices ana in corbels in English architecture 
during the thirteenth and fourteenth centuries. In 
front cloYatton ■ it is similar to a buckle, and its 
shadour on the wall resembles the profile of a human 
face. It is also known as a Buckljq or Notch Head. 

Masoned When the dividing lines in the 

masonrX' of a building .such as a ca.stle or tower are 
represented, they are de.scribed as masoned. 

Maeomy. The preparation and fitting together of 
stones in the construction of buildings, walls, etc. 
Stonework as distinguished from brickwork. St-e 
Ashlab and Rubble. 

Mason's Mitre (Btiihl.) Tn mason’s work all 
mitres are worked in the solid ; that is to say, the 
angle is formed from one piece of stone, so that there 
is no ai'tual joint along the line at which the two 
mouldings meet. 

Mass, Mfls.s usually means the “ quantity of 
matter’' in a ijndy. The dynamical measureroent of 
mass is based upon the change in velocity (accelera¬ 
tion) produced in a given time b}' a given force, 
which acts on the body. Thus equal inas.scs arc 
tho.se in which equal foices produce eijnal changes of 
velocity in equal liiiios. 

Mass Action {C/ii'iit.) If steam is jiasseil over red- 
hot iron the magnetic oxide of iion and hjdrogen 
arc produced; if hydrogen i.s p;»ssed over red-hoT 
magnetic oxide of iron, iron and steam arc produced. 

3Fe +411,0 t Fo/\+4ll, 

At a certain temi)eratnr<\ and with a mixture of iron 
and magnetic o.xide in lajitain jiroportions, and a 
mixture of hydrogen and steam in certain propor¬ 
tions, it is clear that ,lu^t as nuieh iron will In* 
couiertetl into inagnetic uxidi* as is piocluocd from 
the niagnotic oxide. If now die value of the ratio 

st eam . increased by a *!nial] amount and 
hyiliogen 

again kept constant at ]!■< new value, tlie ratio 

-.will be diminished by certain 

magnetic oxitle 

.amount, but will again become constant at a 
smaller lalae. Tiiis kind of le.iciiou is callcil a 
mass action, and most cliemical actioms are of tuis 
kind, €.[1. (1) Itenetions like tin* above witli other 
metals li.-sules livilrogeii. (2) l)i.s.soc'ialiou of a com- 
jiound AB when the dissuc.iatioii {uoducts A and B 
arc pre.sviit with unchanged sulwtance AB. (.’>) 
Double decomposition occur'ing in a homogeiieons 
liquid, as in the case of alc.duil and acetic acid, 
which form ethyl acetate and water, and are repro¬ 
duced from these; or in tl>c case of potas.sium 
sulphocya.iato and ferric cidoiide in aqueous solu¬ 
tion, which form ferric suliihocyanate ami potassium 
chloride, and are reprodiu'ed from tiiose. (4) A 
soluble salt in solution and a nearly insoluble .s,alt 
{laitly exchange acids, as in the ca.se of })otassium 
carbonate and barium sulphate, which form jiotas. 
slum sulphate ami barium carbonate, and arc 
reproduced from these. Taking the last case, the 
following table will show the influence of time and 
mass of the potassium carbonate. I'he temperature 
is lOO**, and at the beginning of. the reaction one 
molecular proportion of barium sulphate was present 
Bnd fiOOtmolecular proportions of water. There are 


seven separate experiments, and the absolnte amount 
of barium sulphate at the b^ibning is given in each, 


MoleonlaaFoxoaDtaiie of BoBO^ 
KjOOg decompoBod. 

ABiotato iaitUl 
amoont of Ba 804 
tBgmaa. 

lini«4h 

homat 

1 

8-6 

1*2261 

1 

2 

36*1 

1-4023 

109 

3 

66*9 

1*2689 

109 

4 

78-2 

1*3068 

109 

5 

. 96-2 

1-3328 

113 

7-6 

9M-4 

1-2604 

112 

7-6 

97-1 

1*3340 

163 


It is unfortunate that the amounts of barium 
sulphate were not absolutely the same in each ex¬ 
periment ; still, the table is useful. To get an itlea 
of the law of mass action, consider the homogeneous 
systeqi obtained when one molecular proportion of 
acetic acid and ethyl alcohol are mixed at the 
ordinary temperature and left to stand at that 
constant temperature; ethyl acetatq and water are 
formed, and these begin to reproduce the acid and 
alcohol, the first reaction gradually heooraing slower 
and the seeond.gradually quicker, until the speed of 
GU'-h is the same ; tlicn, as far as the amount of each 
of the four substances is conceined, there is no further 
change. We shall express this condition by saying 
tlie system* is in equilibrium. Let or of a molecular 
proportion of alcohol be the amount transformed 
when we have equilibrium, x is evidently in our case 
a proper fraction. Then wo n\ay express the state of 
affairs by the following equation : 

C.lijOll + ('Il/'OOH = (1 - a*)0.H4OH + 

(1'- j*)0Jr3C(K)H + a-cn/kiocril's + irl^o 

'I'he law of mas.s action for this case is 

7<(1 — .r)(] — ip) — k'x.x or ^(1 — »)“ = It'a^ 
k is a constant calleti the affinity con.stant for alcohol 
and aectie acid, and k' is a similar constant for the 
ester and water. (1—a?) is called ttie “active mass” 
of the alcohol and acetic acid, and x the “active 
mass ’' of the ester and w'ater. I lie active mass of 
a. Mil-', tance is now generally expressed by the 
number of gram nioieeules jter unit volume of the 
system; this is called tlie eoneoiitration of the sub¬ 
stance. Tlie general equation for a system such as 
l)ie above, whore only one molecule of each substance 
reacl.-J, is k,]t,q = h',]/, q\ The general equation for 
any system which is homogeneous and in equilibrium, 
and for which the chemieal equation is 

a? + + ... = a'r'+j9'Q' + . . . 

is . . . =k'ji’<^q'^ . . . where p, q . , . ;^,q' . , , 

are t'ne oonoentrativKis (gram molecules per litre) of 
1’, y . . . J”, The above formul.-e hold for 

gases as well as liquids; only as the concentration 
of a gas is directly propoitional to its. pressure, 
pressures are usually substituted for concentrations. 
In all the above cases it is assumed that no other 
action occurs than that indicated; that is, the 
products of a reaction arc assumed to be without 
action on the original substauce.s. Oases of hetero- 
geneons systems, sncdi as that between iron, magnetic 
oxide, steiim, ami hydrogen, and that between barium 
sulphate, pt)tus.-ium carbonate, }>ota.'<.sium sulphate, 
aid barium carbonate, are treated on the assumption 
that the active masses (c*onceatnition.s) of the solids 
are constant; that is, the iron and magnetic oxide in 
the first case have, each a small and constant vapour 
pressure, and the barium sulphate and barium car¬ 
bonate iiave each a small and constant solubility. 
Example; CLeinical equation, 

3Fe + 4HjO Fe,0, + 4H, 



MAS 


384 


HAtr 


Vt Applying the general formula, we have 
’■(irwhere k and « are the “ affinity constants,^’ p and y/ 
arc the vajmur pressures of the solids, and q and q' 
the partial pressures of the steam and hydrogen 
respectively. Hence 

= Constant 

Jtj/* 




• = Constant 

i 

Deville found in two experiments: 


1 


-±i> and \ = 
25-» q' 


1^1 

57-9 


= 0-178 « 0174 

The error is well within the limits of experimental 
error. 


the other edge, so they may be fitted together. The 
tongues and grooves are cnt'by maohincry, and the' 
boarding supplied by the timber merchants ready 
for use. Often termed MATCHixa. 

Matchbox or Pipe {Armt). A metal tube carried 
by matchlock men to protect the lighted match with 
which they fired their weapon from the weatiier. 

Matohloch (Arm). One of the early forms of 
hand gun used (hiring the fifteenth century. It was 
fired by means of a slow match, which was fixed in a 
lever on the gun. 

Hatch Plate (Foundry). A fiat plate to each side 
of which one half of a pattern is attached; the 
mould is made in two lialve.s by the two parts of the 
pattern. In certain classes of work this method saves 
considerable time. 


Mauieot (Chem.) i^ee Lead Compoitnds. 

Miissig (Mum). The German equivalent for 
Modebato (q.v.) 

Massive (Min.) The term applied to the mode of 
0 (X)urrcncc of a mineral whioU is found in large 
masses, as distinguished from crystals, granules, 
lamelliB, or other forms. 

Mast (JSny.) Any vertical pole, such as the upriglit 
post in certain cranes. In electrical traction the lude 
carrying the trolley wheel which makes contact with 
the overhead wire is termed a mast. 

Mastaba (Architect.) The common form of the 
ancient Egyptian tomb; its shape is that of a trun¬ 
cated pj'ramid. They each contained a cliamber 
near the entrance, in which offerings were placed; 
several secret chambers, known as Seiidabs; and an 
underground chamber, containing the mummy. 

Master (Art). A term ajiplied to tlie founder of 
a “ school.” One who is eminently skilled in some 
branch of art. 

—— (Eng.) A term applied to various tools 
used either as standards or for the production of 
other tools to a standard size or pattern, e.g. a 
Masteb Tap (q.v.) 

Master Clock ( Clochx). The timepiece controlling 
and actuating by electricity a series of dial works, or 
“ journeymen,” at different points in the circuit. See 
iNDICATOK DiAU 

Masterpiece (Art). A great and masterly work 
of art; a work which is superior to any other by the 
same person. 

Master Tap (Eng.) A standard tap, used for 
making the dies used in cutting screw threads. 

Master Wheel (Eng.) A large wheel, accuratel}' 
divided, used for correctly dividing out tlic teeth 
when catting gear wheels. 

Mastio (Botany), A resin from tiic incised bark 
of the stem and branches of a Mfsditerranean tree, 
JHutacia lenti»eu$ (order, Anacardiaceec), Used in 
meditane and as a varnisli. 

- (Build.) A cement m.ado of powdered stone 

or bricks mixeci with oil and driers. i 

Mat, Celtie or Basket (Textile. Manvfac.) A 
tvfie of weave in which the warp and weft foim 
small squares. Mats are of three kinds, namely, 
ordinary (i,e. squares of warp and weft equal in size), 
irregular, and twilled. 

Match Boarding (CarjK and Join.) Boards each 
having a tongue worked on one edge and a groove on 


Hate. An assistant or .subordinate who assists a 
more skilled workman. The t('rm is also used in its 
ordiniiry .sen.^e for men working together. 

Mate (Botany). li.J-JX 

Hatelasse (Textile Manntaf.) French term for a 
type of figured mantle clotJi in whicli the design or 
pattern may be formed entirely cither by the u-arp 
or by tlie weft. In other types, both warp and weft 
show on tlie face of the eioth. 

Matico (Botany). A powerful stvjitie drug con- 
.sisting of the dried leaves of ti’o '‘'ant Piper 
angmtifvlium (order, Piperaceee). 

Matrix (Build., etc.) The cementinu material 
mixed with tlie aggK'gate for making concrete. 

- ( Typ.iy.) Tiif copper mould or “ strike ” 

from wliich type is cast, 

- or Matrico, pi. Matrices. In a general 

sense, the mould or form inwhicli -lytliiug is shaped. 
A die from wliich impressions in ndief atv. obtained. 

Matt (/tcc.) Having a dull or lustrci .^.i >ar- 
.ance; u.sed w-itli ri'i'cr.-ncc to colot.rs in nisu-mjier 
which arc Jcfl unvasiiivljcd. 

^; ' or Begulus (Met.) A raa.ss of p‘irt.ly 
purified metal in sone- intermediate stage of tiie 
smelting proci!Ss, csi-ociully applied to t'opjxsr when 
in tlie f'ondition of < o.'i'se Metal or Fine Metal. See 
COPPEB and MlJTAi.i.L'ttcv, 

Hatter. Matter is defined as (1) tliat wliich 
occupies space; ('1) that whiidi jn.ssesscs ini-rtia. 
Of the at'Tual nature, constitution, or ultimate 
structure of matter no exact sratemenls can be 
made. 

- (Engrar.) An implement in the form of 

a puiwdi used by me/./otint. engnavers for ” matting ” 
or laying a light, ».(. darkening the parts of a plate 
where the lights are too high. 

- (^VTog.) Set up or composed type. 

- , States of (Phyx.) Matter may exist in 

three different w(dl miirkc'd states, as; (1) A SOLID. 
(2) A Liql’ID. (3) A Gas (q.v.) Certain other 
transitional and less marked states are also observ¬ 
able under .sfiecial conditiems. 

Matt Gold Size (Dee.) A size used in gilding 
where the surface is required to be dead, i.e. without 
gloss. It is sold ready for mixing with jolly size. 

Maulstick (Paint.) A light stick about a yard 
long, lield in the, left hand and used by painters to- 
sleady and support the right band when jointing. 

Mauritius Hemp (Botany). See Fubcb^ea. 
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MuilU (ZO 0 I.) (1) In vertebrates, a jawbone; 

An appendage in the Crayfish and otiier 
Crnstacea. 

Maedma and Minima CMeab., Phyt,) A quantity 
which varies periodically and continnonsly the 
sine of a constantly increasing angle) attains a 
certain value, at which it ceases to increase, and 
commences to diminish. This value is termed a 
Maxixitm. After passing through this value, the 
quantity diminishes until it reaches a certain value, 
termed a Minimum, at which it commences to 
increase again. In a Sine Curve (y.v.) the successive 
maxima are equal, as are also the successive minima; 
but this is not necessarily the case. 

Maximnm and Minimum Thermometer. A f'^rm 
of thermometer possessing some device for ref orrling 
the highest or lowest temperature reg^istered by the 
instrument during some given observation, lii many 
forms the recording device consists of an index, 
generally some small liodv which is readily pushed 
along the bore in one dir ion by the surface of the 
liquid, but which i“ lert leh ud when tlio surface 
moves in the opposit.j ri:’-oclion. In riiTriifiBroKD’S 
form tlie maximum therraometer contains mercury, 
the surface of wtiKh is in contact with an in<iex 
consisting of a 5hoi+ ’•od of iron or steel placed 
outside the mercurv. The whole tube is hori¬ 
zontal, and i!ie Ju-iex is pushed along when the 
temporaluro ri.-!>..'., rind is left bebiud when the 
mercury rcocdi’,, as tiie temperature falls. The mini¬ 
mum 'ho inicter ci-ntaius alcohol, and an iudox is 
placer’ t iio liquid. The tension of the surface 

of the ‘obol (rause? sufficient force to be exerted on 
t’ tc'oraw it back a.s the temperature falls; 

as empciature lisi-s. die alcohol flows past the 

hi..i i 10 long subject ny pres-are 
we. Thus . inde. dns in the 
•' ujjiod at the I'iR* .-irperature 
••r'gisicred ' . t’ '.vas set, The 

'edexes Tiu.) bp '•’T.tv.bf ii'i,, '.'OTir'r -t Wit!, the .sur- 
lace it t.lie liquid by c ■tube, »)r may tie 
moved by d magret I'rrt *..i •■>.', ui ainiaratus are 
also usi.d; in bix's ’I H'..is-TUB ii'th indexes 
rest .ir, tiie upper nurfMec ut h bren.! of mercury in a 
veii.il.*! U-nibe, one end of vihleh terminates in 
a bull containing alcohol, wliich acts as the thermo¬ 
meter substance. In Kkobktti &. Zambra’s 
Thebmometek, whicli is a maximum thermometer 
only, tliere is a constriction in the bore through 
which the thread of mercury readily passes as the 
teinperaturo rises; as ^he temperature falls again, 
the thread is interrupted at the constriction; the 
part below reoofles into the bulb, but the part above 
remains in the i>osUion it occupied at the highest 
temperature, whicli - is therefore easily read. This 
form of thermometer can be used in any position, 
and is therefore very suitable for use as a C'UKiCAE 
Thebmohkteb for medical use. 

Hftxfanam Density of Water iPhys.) Water 
attains its maximnm density at See Wateb 

and Hope’s Expebimbnt. 

M.D. (Jftm'c), The right hand: the letters standing 
for the Italian* Man IHritta and the French Main, 
Proite. The equivalent in Englisli is R.H. 

Me navme). ITie third note of the scale in the 
Movable Doh or Tonic Sol Fah System. 

Mean. (1) Any quantity whose value is inter- 
mediate beWeen two others. (2) An Avebaoe {,q.v,) 


Mean Free Path iPhy».) The me& or aventp 
distance which the molecnies of a gas travel withteit, 
coming into collision with other molecules, *. ' 

Mean Moon The time at which the 

Astronomical Mean Sun (^.r.) crosses the meridian. 

Mean Pressnre (Pny.) The average pressure inl£ 
cylinder during the stroke. See Ikdioatob Dia- 
GBAMS, etc. 

Mean Solar Day (Agtron.) The intenml between 
two successive mean noons (q.v.) This is the leg^ 
day observed in civil life, and its divisions give ns 
the ordinary time of day. The latter differs from 
the Apparent Bolar Time, which is shown on a sun¬ 
dial, by a small amount, termed the Equation of 
Time. The amount of this correction varies at dif¬ 
ferent times of the year. In March, June, Beptem- 
bor, and December its value is zero; in February 
and August it ha.s its muximam value, and ten 
minutes must be added to the Apparent Bolar Time, 
or time by the sundial, to get the mean or legal 
time; in May and November the sundial time is 
in advance of the clock, and ten minutes must be 
subtracted from the former to obtain the Mean 
Bolar Time. 

Mean Sun, Astponoinical. An imi^nary point 
moving with uniform velocity round the Equator, and 
coinciding with the Dynamical Mean Bun (^.r.) at 
the points of intersection of the ecliptic and 
equator. 

-, Djtoctmieal {Astron.) An imaginary point 

moving with uniform velocity round the ecliptic, 
and always coinciding with the sun at perigee. 

Measure {Mu.nc). A bar; that which is contained 1 
between two bar lines. Measure is the grouping of 
accent ana non-accent, the bar line always preceding 
the strongest accent. See TIME. 

Heasurement. Measurement in general consists of 
the coiiiiiarison of one magnitude witli another, the 
latter con.<>tituting a standard of measurement. There 
art thiec fundamental standards, on which practically 
all mea.surcmcnts, however complex, ultimately de- 
pend—namely, the sbindanis of Mass, Space, and 
Time. Siv btandakus oi* Mass, Bpacb, and Time, 
and Weiohtsand Measubks. Measurements of mass 
are made by means of a Bai*ance, Scales, Steelyabd, 
Spbinc Balance, etc. (j.w.) Measurements of length 
are commonly made by means of a graduated Bod, 
Staff, Kule, Scale, Chain, etc. (jr.v.) ; more accu¬ 
rate measurements by means of Calipebs, Scbew 
Gauge, Measttbing* Machine, Beading Micbo- 
SCOFE, etc. {q.r.) Measurements of area are usually 
maxie by taking linear measurements and calculating 
the area by mensuration; measurements of volume 
may be made in the same way, or, in the case of fluids, 
by filling a vessel of known volume. Measurements 
of time may be made by comparison with the time of 
the swing of a Tkndulum (y.r.), the iieriod of vibra¬ 
tion of which is known from some previous observa¬ 
tion. In ordinary measurements of time, in w'hich a 
clock or watch is used, the pendulum (or its equiva¬ 
lent, the balance wheel) still furnishes the real unit 
of time, the rneebamsm si'niiig for the purpose of 
recording the number of vibrations and also supplying 
the motive power by wliich tiie vibrations are main¬ 
tained. The ultimate measurement of time depends 
entirely upon a.stronnmical observations of the motion 
of celestial bodies; e.y. the transit {g.v.} of stars, the 
determination of noon, etc. Apart from the natural 
standards thus furnished, there is no definite tmlt of 
time whatever. 
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lIcMiiMawiit* llasM«»l. Sec Ahmbtss i4jp~ 
jWMf<a;>,TAKOBBT QALVA^OWBfVn, CyBAHOHBXBB, 
VOliTMETUBS, BBSIST4B0E, WSBAmOKB BlUDaa, 

Ohm’s Law, ete . 

llMSimmcaits of TampeMtaps. Measnremento 
of tejpp<|^t\ire are maxle in piactioe by the observa¬ 
tion OT certain physkal changes product in a suitable 
substance (termed the Trbbhombtbic Bubstahce) 
by changes of temperature. The chief physical 
properties utilised for tbermometric purposes are as 
joUowB : 

1. Volume of a liquid (Common thermometers). 

5. Pressure of a gas -1 *. ^ v 

8. Volume of a gM. . / themometer). 

4. Length of a bar . (Certain pyrometers). 

<1 8. Besistance of a con-) » 

dnetor . - . / tliermometer). 

6. Electromotive force . (Thermo-electric couple). 


•J 


(1) The common Tuebmombteb consists of a 
Capillary tube terminating in a bulb. A quantity 
of liquid (a.;, mercury or alcohol) is placed iu the 
tube, sufficient to dll it when heated to a temperature 
slightly above the highest temperature to be observed 
by means of the instrument; the tube is sealed at the 
top while at this temperature. The Pi XBD Points are 
then found and marked on the tube. These are the 
levels at which the liquid stand.s in the capillary tube 
at certain standard temperatures; in ordinary cases 
the freezing point and the boiling point of pure 
water. The scale may now be constructed by 
dividing the distance between the marks on the tube 
into a convenient number of jiarts or Lecikees. <SV<! 
CBHTiaBADE, FAHRENHEIT, and KBACMUE SCAI.ES. 
The Wbioht Thermometer also depends upon the 
variation in the volume of a liquid. If a bulb be 
completely filled by a weight Uo of some suitable 
liquid at (f C., and u't the weight which fills it at a 
temperature f, then the value of / is given by the i 
equation | 

t - ~ 

»ct 

(2 and 3) The Gas Thermometer (iepends upon the 
changes in pressure of a gas at constant volume, due 
to changes of temperature, or (less frequently) upon 
its changes of volume at constant pressure. Thus let 
Po and. Vo be the pressure and volume at 0“ C., Pt and 
Vt.i^e values at t®, and a the coefficient of increase 
of pressure at constant volume (or increase of volume 
at constant pressure); then 

Pt = Po (1 + at) 

Vt = Vo (1 -s at) 

Tlius if a be known and P (or V) be observed at 0® 
and at t®, the value of t may readily found. The 
gas thermometer has a very wide range of tempera¬ 
tures, over wliich its readings are reliable. (4) A 
Ptrometesb is a form of thermometer especially 
adapted to the measurement of very high tempera¬ 
tures. The early forms depended ui)on the measure¬ 
ment of the expansion of a bar of metal, porcelain, 
fireclay, etc. The indications of these instruments 
were very uncertain, and tliey are now replaced by the 
Blectbicae Resistance Thermometer or Plati- 
miM Thermometer. (5) This depends upon the 
increase in the resistance of a platinum wire as the 
temperature rises. The rate of increase of resistance 
is very nearly a constant, and may be expressed to a 
first approximation by the equation 
R* s= Rq (1 nt). 


where Kt equals the resistance at Bo tlm resistapoe 
at (P, a^ a is the coeffioM>ntof increase of resistance 
with tempezatore. The coeffident maybe foBSal by 
observing the resistance of the instroment at 0® and 
100® 0. To obtain greater aoenraoy, a further oottao- 
tion (termed the " delta oorteotion ’*) must be intro¬ 
duced ; this requires the use of a second oonstant, 
whose value may be found by measuring the lesistr 
anoe of the wire at a third known temperature. For 
this purpose the boiling point of sulphur (444*63° 0. 
at the normal atmospheric pressure of TfiOmUimetoes) 
is used as a standard. The platinum thermometer 
affords the best scientific metliod of measuring tem¬ 
perature ; not only has it a very extensive range, but 
it is capable of detecting very minute changes; e^. 
TvsVinf ot a degree Centigrade—a smuitiveness far 
beyond any liquid or gaseous thermometer. (G) A 
thermo-electric junction affords a very convenient, 
though less accurate, method of measuring temjpe^ 
tures. A “ couple ” consisting of two pieces of dis¬ 
similar metals in the form of wire twisted together 
is connected in series with a suitable gaUranometer. 
The defioction of the galvanometer will depend upon 
the E.M.K. at the junction, and the scale may be 
grailuated to read direetlv in degrees within a wide 
range. The thermo-electric couple has been much 
used in experimental work in metallurgy, and is now 
being applied to many practical purjxtses in the same 
science. (7) The remaining method only grives an 
approxiiqpte measnrumeiit. A solid of known specific 
heat (q.r.) is heated up to tiie temperature which it 
is de>ircd to measure (e.g. by placing it in a furnace), 
and, when hot, is dropped into a vessel of water or 
other liquid of known specific heat. From the rise 
in temperature of this liquid the lieat given out by 
the solid can be found, and hence its temperature at 
the instant when it was intro<luced into the^liquid. 
A correction must be made for the amount of liquid 
which was turned into vapour by the hot solid at the 
time of first entering the liquid. 

Heaattres. Seti eights and Measiires. 

•4 

Heasuring Machine (-&%.) An appliance re¬ 
sembling in principle a Large Screw Gavob (g.e.), 
introduced by Wliitworth for the accurate com- 
Iiiirison of small standards of length by means of 
end lucasnremont. 

Meat {Ftwds). As an article of diet meat fur¬ 
nishes x>roU‘id, fat, and salts. As a rule “white 
meat,” such as fowl and rabbit, contains less nitro¬ 
gen, and is more tender and digestible than “red 
meat,” such as beef, mutton, and game. The muscles 
of this latter class of meat should be firm and 
elastic to the touch; moist, but not wet; of a deep 
red colour except in the case of veal and pork; and 
marbled with fat. The fat should bo firm and 
whitish yellow in colour, and ftee from bloodstaina 
The marrow of tlie bones should ,be light red. If 
putrefaction has begun the meat is pale and soft; 
a knife or skewer thrust in and rapidly withdrawn 
will smell offensively. See FooD& 

Mechanical Air Pumps. See Air Pumps. 

Mechanical Characteristic {Elect, Eng.) A carve 
showing the ratio of Torque and BrssD (g.v.) in 
an electric motor. 

Mechanical Cat Oat {Elect. Eng.) Any arrange¬ 
ment for breaking a circuit which is not worked 
electrically. 

Mechanical Deposits ( Geol.) This term inclndes 
various forms of sedimentary rocks, sudt as sand¬ 
stones, breccias, conglomerates, boaldW clays, etc., in 
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oontzadiritUictioii to lunestoneB, coi^ seams, oil shales, 
etc., and rocks of emptive drigin. 

He alu M ite al Eng^neuteg. A comprehensive term 
for the science and art ot desiming, castingv^rg* 
ing, machining, fitting and erecting machine^metal 
stmctnres, etc. 


Heehanleal' Egnivalent of Heat. See Jovle’s 

SQVIVAXiEET. 

Harihanlcal O^ierfiiioni. Operations carried out 
by a machine, either entirely automatic or partly 
worked or controlled by hand. 

Meohanleal Wood {Paper Manvfae.') A term 
applied to wood pulp prepared by tbe mechanical 
process. See Wood I’trLP, 

Heohanics. The science dealing with forces and 
their effects upon matter. 

KeohanUm. A term often used synonymously 
with Machine {q.v.): the arrangement and relation 
of the parts o£ a machine. Scientifically it is applied 
to an idetd or theoretical combination of moving 
parts having the kinetnatical properties of a 
machine or of some portion or “ clement ” thereof. i 

COOH 

/C— C.OH 

Meoonie Acid {Chem.), yco 

t'oon 

/2:6-dicarb03cy-3- \ 

Vhydrox 3 '- 7 -p} rone/' 


A white crystalline solid (miles or prisms) which 
contains 3 molecules water of crystallisation; soluble 
in water, more so in alcohol; gives a red colour with 
ferric dhloride; boiled with water it gives comenic 
acid; heated alone, it yields first comenic acid, then 
pyromeconic acid— 




cooil 

>co 


/CH C.OH 


HO ==^ C'll 
Coiiitnic Acid. 


/< 

0{ >GO 

\CH CH 

l^ronieoutuc Acid. 

It occurs united with the alkaloids in opium, and is 
extracted from the latter by treatment with warm 
water, neutralisation with chalk, concentration of the 
solution, and addition of calcium chloride, when 
calcium meconate crystallises out; from the salt the 
acid is obtained by boiling with hydrochloric acid 
and allowing to crystallise. 

CH 


Meooaln {Chm.\ 


CHjO.C'^^C.CO 


CHjO.C, 


I I >0 

t: 


White crystals (prisms); melts at 99®; soluble in 
alcohol; occurs in opium; it is obtained when 
narootine is reduced by zinc and sulphuric acid; also 
when opianic acid is reduced by sodium amalgam. 
Opianic acid has tbe formula 

CH 

CH.O.C'^^C.COOH 
0H,0.(J d.CHO 
OH 


ttwi. 

in ragiudtoattthiBgiacen^lyai^^ 
to thp period between tbe twelfl£ 
centuries. Historically speaking, it eowdn A 
of about a thousand years, via. from the noiddjA of' 
the fifth century to the c^tnre of OonsteoMnoj^ 
by the Turks in 1453. ^ ' 

Mediant {Music). The technical name for the 
third degree of the scale, lying midway between 
tonic and dominant. 

Medicinal Boaps. That class of toilet soaps whiclk 
are specially made for benefiting the skin, or to 
assist in caring certain diseases, snoh as tfur soap, 
turpentine soap, and other special sutures used for 
eczema, cases of rough skins, eta 

Medium {Paiut.) The liquid vehicle with which 
pigments are mixed for painting, e.g. linseed oil, 
magilp. 

- {Paper Manufae.) Printing paper measuring 

24 by 19 in. Writing paper measuring 22 by 17f in. 

Medlar {Botany). Tlie medlar is the fruit of 
Mespilus germanica (order, Jtosaeete). The five large 
sepals surmounting the fruit are distinctive of the 
genus. 

Medulla (Biol.) (1) A term often implied to a 
substance forming the internal portion of an organic 
structure, e.g. the Pith of a plant stem, the pithlike 
substance in the axis of a feather. (2) llie Mbdull^ 
Oblonsata i.s the hinder portion of the brain. 

Meerschaum (Min.) A hydrous silicate of mag« 
nesium, 2MgU. SSiO,. 2 II 2 O. Silica » 60*8, mag. 
neaia = 27*1, water-• 12*1 x>er cent. Amorphous; 
white or greyish; can be scratched by the finger 
nail. It is used principally for tbe making of pipes; 
in Algiers as a substitute for .soap ; and as a building 
stdtio in Hpain. The best samples are from the 
Levant and Asia Minor. 

Meeting Raile (Joinery). Bails that meet to 
gether, e.g. the rails of double hung sashes. 

Meg. or Mega. A prefix indicating that the unit, 
etc., is multiplied one million times, e.g. MsooHlf, 
one million ohms. 

Megalithie (.4 rchitect.) Composed of large stones. 
See I’BEHISTOfilC Abchitectuke. 

Megohm (Elect.) One million Ohms (q.v.) 

Megohm Standard (Elect.) A standard coil of 
one megohm resistance. Used in measuring Ugh 
resistances, such as those of insulating materialB. 

Meinen. See under Dresden China. 

Meixoseiamfe. A term applied to the line or curve 
of maximum disturbance effected by an earthquake. 

Melanite (Mm.) A black variety of Garnet (^.t*.) 

Melanterite (Min.) Hydrous sulphate of iron, 
FeSO,. 7HjO. Sulphuric acid ■= 28*5, water <= 4S, 
ferrous oxide = 26*6 per cent. Monosymmetric; 
green to white when fresh; often yellow or brown 
after exposure. Often occurs as a pulverulent 
incrustation. A frequent product of the decon^si. 
tion of Pyrites. In quantity at Goslar in the Harz, 
and in Ohio. See also Copperas. 

Malaphyre (Geol.) A term which was formerly 
used to denote a bas^t that has uude^one changes 
in oompo.sition through the prolong^ actit^ of 
per<*olating waters. 

Melde’a Experiment (&tund). An experiment for 
showing the Jaws of vibration of strings. One end 
of a string passes over a pulley, and is attached to a 
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weight; the Other end is attached to the prong of 
a large tuning fork, b; means of which the string is 
set in vibration. 

Hellov {Carp.') A term applied to timber which 
is thoroughly dry and in good condition for working. 

Hallowing (^Leather Manvfap.) Applied to tan 
liquors means ageing and souring of the liquor with 
dimihntion of astiingency. Applied to leather, 
means the softening of hard, harsh leather. Thi.« is 
•generally attained by allowing the leather to lie in 
pile to absorb moisture, the process being assisted 
by damping and stretching or staking. 

Melody {Mugic). An orderly succession of different 
single sounds. 

Melting. Tbe fusion of a substance. Distin¬ 
guished from Smbltikw (j.r.), which is fusion, 
accompanied by chemical or other changes in the 
snbstance which is being treated. 

Melting Point (/’%«., etc.) Tbe tempcratiire at 
which a substance fuses under ordinary conditions 
of pressure. 

- , Effect of PpesBure on {Phyo.) Substanc-es 

which expand on melting have their melting 
point raised by incrca-se of pressure ; those whi< h 
contract on melting {e.g. ice) have their melting 
point lowered by pressure. 

Melting Pot (^Glass Manvfar.) A crucible used in 
Glass MAifttFAcruBK iq.v.) 

- {Plumb.) An iron pot for melting lead and 

solder. 

Member {Architect.) A moulding; e.g (1) An 
architrave may consist of tw'o or more menilMirs. 
(2) The crowning moulding of a i-ornicc is its upper 
member. 

- (Ung., etc.) A single portion of a .structure 

or machine. 

Membered {Her.) Said of the beak and legs of a 
bird when they differ in tincture from the body. 

Membrane {Biel.) Tissue in the form of a thin 
sheet. 

Menaecanite {Min.) A varietj of Ilaibnitf: 
{q.v.) 

Mending {Clath Manvfan.) I'lie operation of 
repairing broken threads and picks and defective 
places in tlie piece after weaving. It may in\olve 
the insertion of lengths of thread, the mender having 
carefully to follow the order of interlacing in 
weaving. 

Mending Up iSce Making Up. 

Mending Up Piece {Foundry). A strip of wood 
(o r metal) which is bent to the shape of the edge of 
a mould, and held in place while sand is rammed 
against it to repair a broken edge, in Mending Up 
{q.v.) 

Menhirs {Architect.) See Phehistoeic Akgjii- 
TBCTUEE. i 

Menllite {Min.) A variety of Oi*al from near 
Paris ; it occurs in rounded concretionary mas.ses of ' 
a lirer colour. 

Meno {Mugic). Less ; meno mosso. less movement; { 
somewhat slower. : 

Mensnration. The calculation of the areas and I 

volumes of hgures and solid objects.* i 


CH, 

OH 

Menthol {dutm,), g 

H,ck.yCHOH 

CH 

i 

OH(CH,), 

(Metbyl-l-t«ipTopyI-4.cyoli'>liex)uiol-S). 

A white crystalline solid smelling of peppermint; 
melts at 42°; l®TOrotatory ; very soluble in alcohol 
and in chloroform. On reduction it yields bexaby- 
drocymene; on oxidation it yields menthone (q.v .); 
dehydrating agents convert it into mentbene 

CH,. CH<fjJ{;; - 31^ C. CH(CH,),. 

Menthol occurs in oil of jieppermint (50 to 65 per 
cent.), from which it is prepared by freezing. Used 
in medicine because it produce.- local jannesthesia. 

Menthone (Chem.) The ketone corresponding to 
menthol {q.v.) ; it is a liquid smelling of iwpperraint 
and having a bitter taste; boils at 206°. It occurs 
along with menthol in oil of peppermint, and can be 
separated from this by conversion into menthone 
oxime. It is pTej)ared from menthol by oxidation 
with potassium dichromatc and sulphuric acid, 

Mentoniere (Arm.) A piece of defensi\c armour 
which was generally attached to the breastplate, and 
formed a protection for the neck, chin, and the lower 
half of the face. Literally a <'hin piece. 

Hercaptans {Chetn.) Alcohols in whicli the 
oxygen is replaced by .-ulphur. Tliey are also called 
tliioalcohols or hydro.-ulpliides, e.g. • 

t'Hj'oiI ('H,sn 

Methyl Alcohol. Mothyl Mercaptan. 

Ethyl mercaptan, commonly willed mercaptan, is 
the most important member of the .-cries, and it is 
de.scribed as ty-pical of all other nierc.aptaiis. It is a 
colourles.s liquid with peculiar garlic siuell, which is 
very jier-istcnt; boils at 3t' 2 ': -oluMe in water; 
the solution <lcposits cry.slals, ('.dl^SIilSilgt), on 
cooling. Dri oxidation with nitric acid it yield.s 
etli}) .sulpiioiiic acid. The hydrogen of the hydro- 
sidi-hidi! group is easily replaceable by metals 
when merca{>tides are funned; it was on account 
(»f the ease with which ethyl mercaptan unites 
with iiicr. uric oxi<lc to form mercury mcrcaptide, 
(t.'^UvS'^llg, that it rer'civcd the name mercaptan. 
Mercaptan coiidensc.s with aldehyde in presence of 
hydirrcbloric acid to form a mercaptal ethldooe 
mercaptal— 

on3.rH 

Mercaptan is used in the manufacture of sulphohal 
{q.v.) Methyl and ethyl mcn-aptans are decom¬ 
position products of albumins. Mercaptan is 
prepared by di.stilling solutions of pf)ta.ssinm hydro¬ 
sulphide and cah'ium ethyl sulphate ; it can also be 
prepared by distilling alcohol with phosphorus 
peiitasulphide. Aromatic uiercaptans can be pre¬ 
pared by reduction of the sulphonic acid chlorides, 
eg. 

CeIIySO./;i U 0 H 5 SH. 

HePceriBation. In the year 1844, John Mercer, 
a lain<-!isluic! calico printer, made the discovery that 
when a cotton fabru; is immersed in a cold .solution 
of caustic .soda or potash, within certain limits of 
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concentration, the stren^b of the fibre and its 
power of attracting colouring matters are con> 
siderably imxeased. This alteration in properties 
is accompanied by a contraction of the material 
which may even amount to 25 per c&nt. of its area. 
Although Mercer ratented his disnoTer;^ in 1850, and 
was offered £40,()TO by a French firm for the patent 
rights (an offer which he refused), the process was 
not worked successfully in his day on a commercial 
scale, owing to the contraction of the fabric and the 
cost of working. This treatment with caustic soda 
became known as MKRCEBisiKa; but the process 
remained almost purely theoretical in its interest 
until it was reviv^ nearly fifty years later for the 
production of crimped or mjim effects. When 
certain portions of a cotton fabric are printed with, 
or otherwise subjected to, the action of caustic soda 
solutions of a certain strength, whilst other parts 
are protected from this action, the treated portions 
become mercerised and contract, which brings about 
a crinkling or puckering of the untreated areas. 
The operation to which the name “ mercerising ” is 
chiefly aiiplied at the present time dates from 1895. 

In that year the patents of Thomas &. I'ubvost j 
set forth that if the contraction *if cotton fahrics or I 
yarns, due to mercerisation, lie prevented by subject- ' 
ing the material to a sufficient tetision duiing the ; 
operation, the cottori is not only made stronger and i 
cajMible of being dyed more deeply with the same I 
quantity of C(douring matter, but it also acquires an j 
enhanced lustre, resembling, though not equal to, ] 
t.liat of silk. The validity of Tliomas & I’levost's j 
patents was sucee.ssftdly contested on tlie ground j 
that the invention had been anticipati-d in tiic j 
English patent grained in 189(1 to lanvK. who i 
appi-aiN. however, not to have ai>preeiaie<l the full 
import sAid comtneroial value of the discovery. 'I'liis 
mercerising or “ lustrcing ’’ process is now carrie<l out 
on a very laige scale on cotton yarn and cloth, and 
mercerised cotton lias reiilaced silk in certain of its l 
industrial appliaitions. Various types of machine \ 
exist for performing the necessary operation.^, iiut : 
whatever the iKirticular method of working, the ; 
material is treated with caustic soda by immersion j 
or by sprinkling while in a streti-lieci condition, well i 
washed with watet without relaMog inc tension, I 
and passed throtigti an acid bath to complete tlie ; 
removal of alkali. If desired, a silk-like “scroop” 
is imparted by jiassages througb successive batlis 
containing 6oa]t solution and dilute avid. Only 
certain varieties of cotton yield a high degree of 
lustre by this treatment, viz. the long-stapled 
Egyptian and Sea Island cottons. Caustic soda 
below IS® Tw. has no mercerising action; the best 
results arc obtained with a l\c of 4a” to 5.5° Tw. (S.(h 
1*22 to 1*27) at a tempei-ature not exceeding 70° F. 
The duration of the treatment luis little influence. 
The Chemical Change involved in mercerisation is 
tlie formation of a stable cellulose hydrate, 

HjO)n. The appearance of the fibre undergoes 
alteration, the coll walls thicken, the central cavity 
almost disappears, and the fibres become much 
rounder. In Dyeing mercerised cotton tlie direct 
dyestuffs are chiefly employed, since mordanting 
operations usually bring about a diminution of the 
lustre; for very bright shades the ilirect dyes are 
“ topped ” with basic colours. The lustre of mercer¬ 
ised fabrics is frequently increased by means of 
mechanical finishing operations—c.y. the Schbeiner 
Finish, which consists of passing tlie material 
nmlcr a heated roller engraved with a large nuralier 
of very fine lines; this breaks up the surface of'the 


material into innumerable minute refiecting surfaces. 
Other mercerising agents besides caustic soda have 
been suggested; Mercer himself mentioned sol* 
pburic acid and zinc chloride. Analagons processes 
applicable to wool and tfilk have also ^en Ascribed 
as "mercerisation,” e.g. a treatment with caustic 
alkali at 32° F., but these have not found any 
extended application.—K. B, 

Mercerised Cotton. See Cbllvlobb avd Mbb* 

CBKISATION. 

Merchant Iron. Wrought iron bar, ready for* 
putting on the market. 

Merchant Marks ^Archatol.') From earliest times 
it has been found necessary to have some distinguish¬ 
ing personal mark by which to identify an owner. 
With regard to those who had the right to wear 
coat armour, there was no difficulty; the heralds 
took care tliat only those entitled to have armorial 
Ixiarings used them. With respect to citizens and 
merchants, there arose the custom of identifying 
their goods by what are now termed "merchant 
marks.” Hence we find the following in the Harleian 
MSS.: “ Theys be none Armys, but a maxke as 

merchaunts use, for euery man may take hym a 
umrke; but not arniys without a herawde or pur- 
oyuante.” Though alluded to in a slighting manner 
in the foregoing extract, yet these marks were 
proteciml by the laws of the realm equally as 
jealously a.s the coats of arms. They occasionally 
appear on monuments, etc., in conjunction with coats 
of arms. The marks originally showed the deep 



religions feeling which underlay all tlic transactions 
of everyday lile, and generally consisted of a cross 
or a variant of tl»e same. 

Another frequent form 
was sliapcd like the Arabic 
numeral 4, in wliicli the 
cross may be again noted. 

The woolstaplers looked to 
Bt. John Baptist as tlieir 
patron; consequently they 
utilised bis emblems, the 
lamb and cross with stream¬ 
ers. The initials of the 
owner wore often added, 
and in later times, when the 
cross disappcJired, mono¬ 
grams and conventional 
forms were used, v\ hich survive at the present time 
under the designation of IVatiemarks. 

Mercury (Aefrou,) The planet nearest the sum 
Distance from sun, .‘15,7.59,1)00 miles; diameter, about 
3,0(K) miles ; periodic time, 88 days.’ 

- (Chet?i.) Hg. Atomic weight, 200*8. A 

silvery white liquid; molts at — 39°; boils at 368*. 
It has a vapour density equal to half its atomic 
weight, from which it is concluded that mercury 
has a monatomic molecule. It slowly combines 
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oxygen at a tempetature ntfar its boiUag 
pofat. forntog led oxide in ctystalline form; 
with many other elements, it nnites even at 
the ordinary temperature—^(or example, with the 
halogens and snlphnr and many metals. Com- 
binataons of mercury and other metals are called 
amalgams; some of them appear to be definite 
compounds. The action of acids is as follows;— 
Hydrochloric acid—no action ; hydriodic acid forms 
the iodide which dissolves in the acid; nitric acid— 
cold and dilute, forms with excess of mercury 
mercurous nitrate, the hot acid in excess forms 
mercuiio nitrate ; sulphuric acid—hot and concen¬ 
trated, forms mercurous sulphate if the metal is in 
excess, mercuric sulphate if the acid is in excess. 
Mercury occurs naturally chiefly as sulphide, which 
ia called cinnabar; to a much smaller extent it occurs 
bee. It is obtained from the ore by a simple 
roasting process, HgS + Oj = Hg + 80„ ; but 
elabor^ condensing arrangements arc required to 
recover all the vapour. Commercial mercury or 
mercury which has been much used in the laboratory 
is impure; such mercury is purified by distilling 
under greatly reduced pressure or by allowing it to 
^nd under dilute nitric acid, when less easily 
oxidised metals than mercury go into solution, 
because such metals throw out mercury from solutions 
of its salts. Mercury is largely used in the con¬ 
struction of scieBtifleapparatus, such astliermometers, 
barometers, air pumps, standard cells, etc.; it is also 
used in medicine in various forms, e.g. grey powder 
is mercury and chalk; blue pill is mercuiy, lard, and 
suet. 

" -This element is found native in a dis¬ 

seminated state in some sliale and in disintegrated 
granite. The chief localities are Alniadcn in Spain, 
and Idria in Austria. When artificially frozen it 
crystallises in the cubic system. Tlie chief ores of 
mercury are Amalgam, Cinnabar, ami Calwmel. 
Cinnaiar alone is commercially important as an ore. 

Mensory Air Pomp. Set- Air I’cmps. 

Mercury Break {meet.") A tlevice for making and 
breaking a current by means of a vibrating conductor, 
which is daused to dip into a vessel of mercuiy. 

Mercury Compounds if hem.) Mercury forms 
three classes of compound.'., namely tlie mercurous 
compounds, the mercnric compounds, tlie mercuiy 
ammonium compounds. Mercurtms fumpowndit :— 
MBUCtJBOXTS Oxide, ITgJ). is a black powder, easily 
decomposed by light or on beating to mercuiy and 
mercuric oxide. It is obtaiiif-d by the action of 
caustic soda or potash in slight excess on a mer¬ 
curous salt, MERCtTROVTS <JHX.OEIDli, IIg,Cl,., CODl- 
mouly called Calohkd, is a jcllowish ' white 
powder whicli sublimes without melting or heating. 
The vapour density of ordinary culoincl is lis, 
or half that required by the formula Il!r.^Cls: this 
is due to dissociation into mercuric chloride and 
mercury. l/lTien calomel is dried by allowing it 
to remain in a vapour density ap{)aratns con¬ 
taining phosphorus pentoxide for several day.s, 
its vapour density is nearly normal. Oalomeris 
practically insoluble in water (H parts in 1 , 000 , 000 ); 
it is soluble in boiling hydrocliloric acid, but this 
is due to conversion to mercuric cliloride. For action I 
of caustic sotla or potasii see the Oxide. Ammonia j 
turns it black, owing to formation of a mixture of 
dimerenrammonium chloride and mercury. It i-. j 
obtained (1) by precipitating a solution of mercurous i 
nitrate with hydrochloric acid in slight excess, [ 


filtering and well washing tiie preoiifltate; (SI) by 
subliming an intimate mixture of mercuHc chloride, 
and mercury and thoronghly washing the sublimate. 
Calomel is osedin medicine. MxiBOtTBOtTB NiTBA’ra, 
Hg^NO,)^ A white crystalline solid; the crystals 
contain 2Hj.O; soluble in a small quantity of water; 
hydrolysed oy much water, forming a basic nitrate. 
The ordinary solution is made ty adding a little 
nitric acid to tite iftmter in which It is to be aisaolvcd. 
It is the only common soluble mercttrous Salt. Msit- 
cuBOtrs Iodide, Hg,!,: Yellow tetragonal tablets; 
sublimes on heating ^ntly; rapidly heated it de¬ 
composes, with liberation of mercury. Prepared by 
boiling a solution of mercurous nitrate containing a 
little nitric acid with excess of iodine, and alloivuig 
the clear liquid to cry..<talli 8 e. The green compound 
obtained by precipitating mercurous nitrate with 
potassium iodide is jimliably not pure, as mercnn>us 
iodide is decomposed by pobissium iodide, Hgulj + 
2K] = KjHgl, + Ilg. jfereune Cimtpm/ruJs : —Meb- 
cuKic Oxide, IlgO. al.xo called Red PkkcibitAtb, 
exists in two forms, yclltiw and red. According to 
Ostwald the dilTercncc is due to the yellow form 
being more finely divided tlrnu the red According to 
Sc.hoch the two forms arc really ilistinct, the yellow 
form crystallifiing in square tablets and the red in 
prisms; also the yellow form has a higher <lifwocia- 
tion pressure than the red. It is slightly .soluble in 
water; decomposed on heating, Tlie yellow variety 
is more active chemically than the red ; for example, 
it gives chlorine monoxide with chlorine, while the 
retl does not. Acids yield corre.sponditig mercuric 
salts. The yellow oxide is obtained by atlding a 
sulntiOD of caustic soda or potash to a solution of 
mercuric chloride. The red oxide is obtained by 
heating mercuric, nitrate ahuio, or, more economi¬ 
cally, by licating an intimate mixture of the nitrate 
and mercury. Ilolh oxides arc used in medieine. 
MKBOrBIC CHLOEtDE, Tlg('l„, also Called t;ORIl<>.mvE 
SUBI.IMATE: A white crystalline solhl (tioedles). 
Melt- at 2s<8°; boils at Hd.'P, Moderately soluble in 
water, much more soluble in eilier anti alcohol. Its 
aqueous solulion has alxint the same electrical con¬ 
ductivity as water, so that it is only feebly ioniseti. 
This accounts for severu’ peculiarities in its chemical 
behaviour; for examp'o, it is not decomposed by 
coticentralcd suljihunc or nitric acids. It is veiy 
poisonous. Its solution tioagnlates alloumen; hence 
the u.se of white of egg as an antidote in corrosive 
sublimate i>oisoning, the latter forming an insoluble 
compound with the former. With sohttion <if caustic 
soda or potash it giies the yellow oxide; with 
ammonia it gives a white precipitate,NHgj,Cl.Nil,C'J. 
See belfftr. It- solution dissolvesmeicurie oxide, forni- 
ing various oxychlorides. Hydrochloric acid reailily 
dissolves mercuric chloride, forming tlie com{>onnd 
HHgCTj. Mercuric chloride fonns many double salts 
with the alkaline chlorides, e.g. KllgCl, and HjllgOl^, 
and similar salts witli NuOl and NH^tJl, "which 
are more solnlile than mercuric chloride in water. 
(XH,),Hgi,'l,. n.A) is Sal Alembbotu. Mercuric 
chloride is prepared by subliming a mixture of 
common salt and meicuric sulphate, to which a 
little manganese 4 >oxide lias been added, to prevent 
the formation of calomel from any mercurous snl- 
phate which may lie present in the mercuric sulphate. 

I it can be obtained by the action of olilorine on 
j mercury, and therefore of agva regia on mercury. 

Aho see above. It is very largely used as an anti- 
; scjitic and liactericidc. Mbrcubic Iodide, Ilelj; 

I Exists in two form.s—^j’cllow rhombic prisms and red 
i quadratic prisms, the latter being the stable form at 



ordinary tempotatotaa. Tha tnuuition tomperatiire 
is 186“; that is, abore this temperatora the yellow 
is the more stable form, and below it the red. When 
the vaponr of mercuric iodide ui condensed, or when 
the iodide is formed by precipitation, the yellow 
form is prodnoed first, and the change from yellow 
to red is aooelerated by light; when the vapour is 
condensed, in ^e presence of crystals of each form, 
then both fQtms are produced. At the boiling point 
of liquid air the red form becomes orange, and the 
yellow form white. Melts at 263®. Solubility in 
water, 06 parts in 1 , 000,000 at 18°; much more 
soluble in hot solution of potassium iodide or hot 
concentrated faydrociiloric acid, from which it can 
be crfstellised; soluble in alcohol. It forms many 
double salts; for example, KjUgl,. it is prepared 
by grinding mercury and iodine together in a mortar 
in presence of a little ahtoUol. also by precipitat¬ 
ing a solution of mercuric chloride witii potassium 
iodide. It is used in medicine. Meecubic Nitrate, 
Hg(NOgX: A white crystalline solid, soluble in 
water, containing a little nitric acid. Forms basic 
salts with water, e.g. Hg(N(>i,)j2Hg(()H)jj. On heat¬ 
ing It gives (ihe red oxide. It is I'oriucd by dissolving 
meronry in hot nitric acid, using small excess of the 
latter, and crystallising by allowing to stand over 
sulphuric acid. Used in medicine. Mercitbic Sul¬ 
phate, HgSO,: A white crystalline solid, soluble 
in water, containing sulphuric acid. Decomposed 
by water, forming basic salts, e.g. HgSO^aTlgCOH),. 
Obtained by boiling mercury with excess of sulijhnrio 
acid. Used in preparation of lirtificial indigo. See 
lifDioo. Mercuric Hulphide, IlgS; The natural 
sulphide is called “cinnabar,” and the artificial 
variety, prepared for use a.s a pigment, is called “ vei- 
niilioii.” Mercuric sulphiile exists in t,wo forms; a 
black amorphous form ami a red ciystalline form 
which is more stable than the black form. When 
the black form is sublimed out of air it passes into 
the red form; the same change occurs when the 
black form is allowed to stand in a solution of an 
alkaline sulphide, the reason being that the black 
variety is more solubl» in such a solution than the 
nwl variety, so tliat the solution is alway.s saturated 
with respect to the black and suixjrsaturated with 
rcsp<;ot to the red form. On heating out of air, 
mercuric sulphide sublimes without melting; its 
vai>oiir density is below the normal, so that dis¬ 
sociation occurs. Heated in air it gives mercury and 
sulphur dioxide. Heated with diluterl nitric acid it 
forms a white compound, Hg(NOjX.2IIgS. This com¬ 
pound and a similar wdiite compound, llgCUfiHgS, 
are formed when sulphuretted hydrogen is psftsed into 
a solution of the nitrate and chloride respectively, in 
amount insufficient for complete irrpi;ipitation : both 
are decomiKrsed by excess of tlie gas. Aqna regia 
converts the sulphide into chloride with separation 
of sulphur. The black form is obtained by grinding 
mercury and sulphur together, or by precipitating 
a solntion of the chloride with excess of sulphuretted 
hydrogen. The red form is obtained from the black, 
as mentioned above. It is used as a paint. See 
VSBMiLiOR. Mercuric Cyanide,’ Hg(CN),: A 
white crystalline solid (prisnus), ea.sily soluble in 
water. The aqueous solution is a non-conductor of 
electricity, and it shows the normal lowering of the 
freexing xxiint; so the salt is not ionised, and there¬ 
fore does not give the ordinary tests for mercury or 
for a cyanide. It is decomposed by sulphuretted 
hydrogen, also by hydrochloric acid. On heating, it 
decomposes into mercury and ci^nogen, a part of 
the latter polymerising. It combines with mercuric 


oxide to form a baMo oyattide, IligO. Hg(0N)|p aat 
forms many doable salts, t>.g. K^g|^) 4 . It la 
obtained by boiling Priissian blue with. meEin^o 
oxide and water, ^ 

SFe'" {Fe"(CSr),}, + 21HgO + 21H,0 « 
18Hg(CN), + 14Fe(OH), + 8Hg, 

also by boiling potasslnm ferrooyanide with mercuric 
sulphate and water, 

2K,Fe(CN)g + 7Hg80, = 6Hg(CN), + 4KJ90, + 
Fej{SO^), + Hg, 

and very conveniently by <iissolving yellow merenrio 
oxide in a slight excess of hydrocyanic acid (dilute). 
Mercury combines with many alcohol radical 
Mebourt Methyl, Hg(CH,)^ may be taken as an 
example of these compounds. It is a colonrlesa 
liquid; boils at 95®. Its vaponr is very poisonous. 
Insolnble in water, readily soluble in alcohol and 
ctlier; takes fire on gentle heating in idr. With' 
iodine it yields mercury' methyl iodide, HgG^I, and 
the same compound is obtained when methyl iodide 
and meruury are exposed to sunlight. Mercury 
methyl is obtained by the action of sodium amalgam 
on methyl iodide in presence of ethyl acetate, or 
when mercury methyl iodide is distilled with caustic 
potash. “Sublamin” is a compound of ethylene 
diamine with mercuric sulphate, 

{c,H,(Nn,),}g{iigsoJ„ 

which is used like corrosive sublimate as an anti* 
septic. MercuryAmmoidum Compounds :—Compounds 
in which divalent mercury replaces the hydrogen 
of the ammonium group, (NH,)'. Dimebcubam- 
MONIUM Oxide, (N*ng,)jO, is a dark brown explosive^ 
powder, obtained by the action of liquid ammonia 
on mercuri'. oxide. The hydroxide corresponding to 
tliis oxide, NHg^OH, i.s a pale brown powder obtained 
by heating it.s hydrate, NIlg„OH. 2HjO, at 80® to 86 ®; 
the liydrate i-< formed as a ^le yellow powder when 
mercuric oxide is warmed with dilate ammonia. 
The .salts of this oxide are formed from it by the 
action of acids. Of tliese salts the following are 
important; The Hydrate op Dimebcubammoniuit 
Iodide, NHg.p!.n/>. This is the substance formed 
when Ncsslor’s reagent is used to tost for ammonia, 
2HgI, + 3KOH + NH, = NHg..I. H..O + 3KI -i-2H,0. 
White Diecipitate (Infusible)* NH, Cl.NHgjCl: 
A double salt of ammonium chloride and dimercur*. 
ammonium chloride, called infusible because it 
decomposes without melting, when heated, into 
calomel, ammonia, and nitrogen. It is fo-med by 
adding ammonia to a solution of corrosive sublimate. 
It is u.sod in medicine. White Prbcipitatb 
(Fusible) is probably NEg^Cl. 3NH,C1, and is 
formed by boiling the last comj)Ound with a solution 
of ammoiiinm chloride.—W. H. H, 

Hercury Oan^e. An instrument for measuring 
the pressure of a liquid or gas by obsen'ation of 
the height of a column of mercury necessary to 
balance the pressure under consideration. This 
device is much used in phy.sioal measurements; it 
was at one time used in engineering to measure 
steam pressure; its cliicf use in engineering is now 
for testing the graduations of Bourdon and similar 
pressure gauges. 

Mercury Yapour Lamp, Hewitt’s (Meet.) A long 
vacuum tube containing a quantity of mercury at 
the lower end, at which i.s the negative pole. The 
lamp will work with the ordinary voltage of «ui 
electric supply, but requires a spark from an indno- 
tion coil to start it. The light is very unpleasant in 




colour, but extremely economical. It is said to 
require from one third to one half of a watt per 
spherical candle power {q.v.), whereas the ordinary 
incandescent electric lamp requires four watts. The 
lamp can be used with any voltage from 100 to 
1000 , and with a current up to 100 amperes, either 
direct or alternating. With the latter, however, the 
difficulties of starting are greater than in the case of 
a direct current; when started, the current flows in 
one direction only. 

Merioara (Itotany). The term applied to the two 
parts (each containing one seed) of the fruit of the 
VmibeUif^a, Labiatee, and other orders. The caraway 
“ seed ” is a mericarp. 

Meridian. (1) Midday or noon; %urativel 7 the 
culmination. (2) One of the innumerable imaginary 
lines or circles on the surface of the earth passing 
through the North and South Poles and through 
other given places, and employed for denoting the 
longitude of places. 11 le First Meridian is that 
from which adl others to the eastward or westward 
are counted, usually the meridian of Greenwich. 

-(j4sfrOT».) A great circle passing through the 

celestial poles, zenith, and nadir iq.e.) It is therefore 
at right angles to fhe horizon. 

Meridian iClrcle iAstron.') A transit instrument 
fitted with circles by means of which the north 
polar distances or declinations of stars can be 
determined. 

Meridian, Magnetic The vertical plane 

in which are situate the two points on the horizon 
towards whi<!h the magnetic needle points. 

Meridian Mark {Agtron.) If a transit instrument 
is used for making long serie.s of observations, a 
penmanent meridian mark is made to assist in deter¬ 
mining the azimuth constant. 

Meridian, Terrestrial. A great circle iq.v.) on 
the earth, passing tlirough the terrestrial poles. It 
cros.ses the equator at right angles. 

Merino {Textile Manufac.') Fine worsted dress 
fabric. 

Merlons {Architect.') See Battlement. 

Mennaid {Her.) This mythical being is used as 
a charge or badge in heraldry; example, thq Berkeley 
brass, 1892. 

‘ Merohedrism {Min.) A term including both the 
types of development of crystal faces known as 
Ebhihedbism and Tktahtohedrism {q.v.) 

Meros {Archite.ct.) Tlie flat space between the 
channels or glyphs of a triglyph. It is also known 
as a Femur. See Tbiglvph 

Mesentery {SSonl.) The membrane which .sur¬ 
rounds and Mip];>orts the intestines of an animal. 

Meih. The openings in a net, .sieve, or woven 
fabric; also a general term for similar openings in 
other objects. 


ing like benzene; boils at IGt**. Halogens in the 
dark replace the hydrogen of the nucleus; at the 
boiling point they enter me side chains. Boiled with 
dilute nitric acid, it is oxidised to mesitylenio and 
uvitic acids : 


I and 
COOH HOOC 


0 


COOH. 


Concentrated nitric acid yields the mono- and di- 


nitro derivative; fuming nitric and sulphuric acids 
yield the tri-nitro derivative. Mesitylene occurs in 
coal tar; it can be prepared by allowing acetone to 
stand with excess of sulphuric acid and distilling 
the product. Tliis method of formation is a proof of 
its constitution. 


HCIl, H,CH 


CH, 

C 

Hr/\nn 
I j + 3n,,o. 


HjC-co oc-cn, H,r-Cv yC-cH, 

\ VII 

HCH„ 


Mesityl Oxide {them.) (CH,),. C : C’H .CO. t Hj. 
A colourless liquid smelling like peppermint, Vjoils 
at 182°; unites with bromine to form a dibromide; 


with ammonia to form diacetoxamine, (CH,)._,CNH„. 
CILCO.CHj; with hydrazine to form 8;6:5-tn- 

NH—N 

methyl pyrazolinc, /C . CH,. 


CHj 

Heated with dilute sulphuric acid it yields acetone. 


It is prcqiared bj' passing hydrochloric acid gas into 
cold acetone, allowing to .stand, washing with caustic 
sud.a, distilling in .stoai^ and fractionally distilling 
the jiroduct to separate phorone {q.r.) 


Mesolite {Min.) A hydrous calcium aluminium 
sodium silicate of compi'-.v formula, Tricliuic, oc¬ 
curring in delicate capillary crystals. It is one of 
the Zeolites (y.r.) From vapour cavities in vol¬ 
canic rocks near Edinburgh, in Skye. Antrim, etc. 


Mesotartaric Acid ( Chrm.) See Tartaric Acid. 

Mesozoic (CfeoJ.) One of the larger subdivisions 
of the geological time scale. It embraces all the 
rocks bekow the base of the Eocene strata down to 
that of the Trias or l-pjor New Bctl. When the 
fnssil.s of the Pjas or Lower Xcw Red are better 
understood the base of the Mesozoic group of rocks 
will include also that suUlivision of the New Red. The 
name refers to the fact that the forms of life 
represented in the Mesozoic rocks are intermediate 
in character between the Palmozoio times and those 


- {Laee Manu/ae.) A mesh of net is one 

complete hole. 

Meih Connection or Qpouplng {Elect. Eng.) An 
arrangement of the (‘.oils of a three phase motor in 
the form of the Greek letter A. 

C.CH, 

MeMtylene (Ounn.). ^ 

CH 

mutrical trimethylbenzene.) A colourless liquid smell- 


{Sytn- 


of the present day, 

Mesto {Mueic). Sadly. 

Hetacentre {JJydrnetatics). If a vertical line be 
drawn through the centre of gravity of a floating 
body when at rest, it will pass through the centre 
of gravity of the liquid which is displaced by the 
body. If now the latter be moved from its position 
of equilibrium, the centre of gravity of tbe displaced 
liquid will no longer be in this line, and a new 
vertical line drawn through it will intersect the 
former line in a point which is termed the META- 


MBT 


393 


UET 


cmiXBS, If tbe metacentre be above the centre of 
gravity of the body, the latter is in stable equili¬ 
brium, while if it M below the centre of gravity the 
body is in unstable equilibrium. 

Mete Oompoanda (^Chem.) The prefix **meta” is 
used in three distinct senses in chemical nomen¬ 
clature. ^ (1) There is a series of acids and salts 
distinguished by this prefix. The meta acids may be 
regarded as derived by the union of one molecule of 
the acid oxide with one molecule of water, and 
the meta salts are derived from these acids. 
Examples: Metabolic acid, + TI^O = 
Metarsenites (acid unknown), AsjO,+KjO = 2KAsOj. 
Metimilicic acid, SiOj + 1I„0 = II,,SiO,. Metaphos- 
phoric acid, l’.,Oj + H„0 = Metaper- 

lodates, IgO, + K^O = 2K10^. (2) There are many 

substances which undergo i)olymerisation, and the 
prefix meta is applied to the polymer of unknown 
molecular weight or whose molecular weight was 

unknown when the name was given. Examples: 

/•!» . 1 __.... 

Metastannic acid. 


u u.. ri’olymer of stannic 
H,„bn 50 , 5 .| 


Metaldohyde, ((.'..ll,0)x. 


(I’olvmerof aldehyde, 

I (-,n/). 

Metastyrol,(CVH,)x. 

(3) The prefix i.s given to benzene derivatives when 
the substituents have replaced hydrogen atoms 
which are next but one to eac-h otlicr. For example 
ttee Bknzknk. 

Metal ( 6las» Manufae.) Tbe name given to molten 
glass. 

- (1‘himh.') In plumbers’ woik this tenm 

signifies solder. 


- 5'W MBTAl.LUnOY o«rf Mhtals. I 

Hetal Arches {Ctril /•’uj/.') Arcin-s built up of j 
iron or steel girders and lattice work, instead of j 
solid stone blot‘k.s. As the UK'niher.s of such a i 
structure can withstand tension .'is wt-il as pressuiv, i 
the structure can be nio<lifie<l to .suit a greater [ 
variety of circumstaiices^ban .stone bridges e.aii. | 

Metaldehyde (f7/n«.) iSer Acbtaldehyue. ! 

Metal Furniture Furniture composed of | 

an alloy. It gives tniorregister and is more cconom- i 
ietd than wooden furniture, and is now used i 
exlMlsivoly. Slfc FttRNlTOBM j 

Hetal Leaf (JJer.) A term u.sed for imitation | 
leaf gold consisting of an alloy beaten out aud sold I 
in the same size sheets as gold leaf (tj-r.) The* term 
is also employed to include silver leaf, aluniiuium 
leaf, nickel leaf, and other leaf metal emphij'ed by 
gilders on glass and for decorative i>urposcs generally. 

Metallic Circuit (A'/ect. AViy.) A circuit comixtsed 
entirely of metal conductors (e.g. wires) as distin¬ 
guished from one in which the return ^lath of the 
current is through the earth. 

HeteUiferoua Yeios {Geal!) Clefts or fissures in 
the Earth’s crust which contain one or more of the 
ores of the metals, usually in as.sociation with other 
mineral substances of a non-mctalliferous character, 
such as Quaito, Calcite, Barytes, and Fluor. The 
vein fissures are generally cofneident with faults or 
linos of fracture, which ap|)ear to Lave formed the 
channels by which thermal or other waters con¬ 
taining these substances in solution liave risen in the 
direction of the surface, and have left these sub¬ 
stances when their depositing temperatures have iieen 
reached. The ores are most commonly compounds 
of tbe metals with Bnlphnr; but Arsenic, Antimony, 


or Bismuth may also be present. In rarer cases the 
metals may be combined with Tellurium. Near the 
surface of metalliferous veins qarbonates and varicua 
oxygenated compounds u.sually occur. See aUo 
Minikq. 

MetalUsatioit {Eleet. Eng.) Covering a non¬ 
conductor with a film or coating of metal in order 
to impart electrical conductivity. Often used in 
electroplating non-metalUc objects. 

Metello^aphy. The examination of prepared 
surfaces of metals under the microscope is of com¬ 
paratively recent growth, for the first work in this 
direction was done by Dr. Borby, of Bbeflield, about 
1K64. It closely resembles tbe microscopic study 
of rocks, and was proljably suggestal by tbe exami¬ 
nation of metallic meteorites in a similar manner. 
Bock sections are usually thin enough to be examined 
by transmitted light; Viut met^lic sections are 
opaque, and reflected liglit mu.-t be used for their 
examination. A small piece of the metallic body is 
.so cut as to form a fair sample of the whole. This 
is ground and polished to a flat surface, free from 
microscopic scratches. 'J’hc stnuiture is then brought 
out hy immersing the surface in an etching liquid, 
by heating in air, or by a fin:d polishing on a soft bed. 
The object .of this treatment is to bring about a 
diflFerential attack upon tbe structural constituents of 
tbe surface, and so render them visible under the 
microscope. Many such constituents are so identi¬ 
fied in iron and steel, and in alloys of copper, tin, 
lead, zinc, antimony, etc. Several constituents of 
steel, in tl»e diff«!rent states of tbe metal brougl.t 
about by beat troaiinent, combined with sudden and 
.■>h)W cooling, have licen recogni.sed. Tbe principal 
of the.se are ferrite, pearlito, sorbite, and troostite. 
The different constituents, when viewed under tlie 
micro.scope, present very characteristic appearances ; 
and the sections can be presei-vcd for future exami- 
iiiition by a thin coat of transparent varnish, or a 
jiliotomicrograpb can be tiiken and a pennauent 
lecord thus obtained. Tiic magnifications used are 
from 2.') to 2,(K10 diameters. By work of tins kind 
the crj'stalliuc: cbanieter of metal.s in tlieir normal 
state has l>een clearly brought out, and much in¬ 
formation about the effects of mechanical stresses, 
of annealing, and of impurities upon the structure 
aud properties of metals has been obtained. The 
'-imilarity of quenched steel to a solid solution haa 
been proved, and the assimilation of solul solutions to 
liquiil solutions indicated. The subject is grailually 
growing in iuqHUtance, and among its many workers 
are to be found the names of such men as Martens, 
Osmond, Stead. Boberts-Ansten, Charpy, Heycock, 
and Neville. 

Metalloid ( Clit-m.) A name given to a few elements 
which may be regarded as sharing tbe jiropcrties 
of a metol and a non-metal. Thus antimony forms 
a giisuoHS hytiride, Bbll,; two acid oxides, Sb^Oj and 
Sb.,Oj,, and resembles the non-metals in these p'-spccts; 
but it forms a chloride which behaves in most 
re.sfiects like a metallic chloiide, and it forms a 
suli)hate which no non-metal does, yet it forms no 
carbonate, phtispbate, or nitrate, a.s most metals do. 
Tellurium is another metalbiid. Arsenic is regarded 
by some a.s a metalloid, but chemically its behaviour 
is entirely noii-mctallic. 

Metallurgy. Dr. I’crcy, w'ho did so much for the 
systematic study of melallm-gy in this country, 
defined it as “ tlic art of extracting metals from their 
ores, and adairting them to the various purposes of 
manufai'ture.” That tbe art was practised in very 


early times is indiosted by the refere&oes to metala 
And their uses in the oldest wrltteh teoords of the 
world's histoiy. In fact, the antdeot Egyptians and 
Hebrews were so skilled in the working of metals 
that the craft must have been in existence before 
the dawn of history. Metals are ruely fonnd in the 
metallic state, bnt are usually combined with oxygen, 
sulphur, carbon, etc. These compounds are always 
mixed with more or less earthy matter, or “ gangue,” 
and together with it form the ores of the metals. 
Hold occurs in the metallic state in its ores. There 
are two main processes used in the smelting, or fire 
treatment, of ores for the extraction of their metals. 
These are roaeting and meUmg. In the first, the 
material is heated in contact with air to a tem^iera- 
ture below its fusing point, so that it remain.<i solid 
during the operation. In the second, the material 
is melted either by itself or mixed with other 
materials necessarj' for tlie complete operation. 
This work is done in furnaces of various kinds, but 
belonging to two main tjpos: («) reverlioratory 
furnaces, in which maicrial to be heated is pla<!ed 
on a separate bed ; and (//) shaft furnaces, in which 
the fuel for generating the heat is mixed with the 
materials to he heat^. In addition to this heat 
treatment, some ores have to undergo the mechanical 
processes of crushing, grinding, and washing for the 
partial removal of earthy matter. Alsu .some ores 
cannot be dealt with economically hy the heat 
method, and their metals are cxtra< ted by the use 
of liquid agents ; otliera, again, are best treated by a 
combination of the two methods. The extraction of 
iron from its ores was i>ractised among the hill tribes 
of India at least three thousand years ago, and the 
ancient method is still in u.'-e there. Ir<m ore an.d 
charcoal are put into a small blast furnace, workc<l 
with goatsk'n bellows, and several hours are ocoupietl 
in pr^ucing only as much iron as a man can carry 
in one band. For a very long period • little or uo 
progress in iron smelting wa.s mu<ie; but as the 
process migrated Westwards, the apparatus increased 
in size, and the output became larger. The next 
step was the extraction of the*, metal as cast iron, and 
the conversion of this material into wrought iron 
and steel by a separate proce.s8. This was followed 
by a considerable ir.i rease in the size of the furnaces. 
In 1806 a blast furnace in Staffordshire was making 
pig iron at the rate of 30 tons per week, llien came 
the introduction of the hot bla^'t fl82H), still larger 
furnaces, and a much increased output; but with the 
modem puddling process to cope with it. At tlie- 
present time the Americans ore leading in blast 
furnace practice. Working with a furnace W) ft. 
high and 20 ft. in diametei. an ouT]mt of 3,000 tons 
of pig iron per week i.« often obtained. Tlie magni¬ 
tude of this development will he understood when it 
is stated that about S,0()0 tons of ore, flux, and fuel 
must be tipped into the top of the furnace, and 
16,000 tons of air blown in at the bottom to produce 
this result. The accessory apjMiratus, such as blow ing 
engines, hot blast stoves, and charging gear are laige 
in proportion. The introduction of the liessemer 
process (1855) for the conversion of molten pig iron 
into ingot iron and steel by blowing a strong blast of 
air through it caused a revolution in tho iion and steel 
industry. The invention of the ba.<5ic lining for tlic 
Bessemer vessel caused a further increase in its use¬ 
fulness. With this appar.'itus 10 tons of pig iron 
can he converted into ingot iron or mild steel in 
twenty minutes. But this process has been hfrgely 
displaced by the introduction of the Siemens open 
be«tb, in which large quantities of similar metal 


are now being made. This fumacA, which ^ of the 
reverberatoty type, is worked with gaseous fuel, and 
its temperature is further increased by the use of 
the principle of regeneration also inluodaoed by 
Slemena The first fnmaoes in general use wwe of 
about 10 tons' capacity, and tlie devel(q;naent of the 
process is mostly in the direction of la:^r fnmaoes. 
Fixed furnaces of 40 and 50 tons’ oapaci^ are noW 
common, and tilting fumaoes of the Welmoan ty{«» 
of 200 tons’ capacity are coming into use. It is in 
such fumaoes that the Talbot steel making process 
is being put to the test of practical experience. On 
the other hand, the Bertrand-Thiel, or duplex hearth, 
process is carried out in fixed hearths, and is in sui;- 
cessful, though limited, operation. Another develop, 
moot is in the use of the combustible part of the 
waste gas from the blast, furnace, which is produced 
in enormous quantities, for working gas'engines, 
instead of for raising steam. This has made greater 
headway in Germany than in this country. The 
magnetic separation of finely divided ore, by which 
the iron compound is separated from the earthy 
matti'r, is now' largely practised. Much attention 
has been given of late years to the production Of 
sound ingots. In the latest modification Hamet, of 
St. Etienne, introduc/es the pres-sure at the Itot.tom of 
the mould instead of at the top, and with consider¬ 
able success. Electrical appliances are coming into 
general use; and electric smelting of iron and steel 
is making some heitdway where water pow'er is 
cheap. In the metallurgy of copper considerable 
advance hiis lieen made of late years. The Welsh 
pro<'ess, wliicli wa-s <‘an-ied out entirely in reverber¬ 
atory furnaces, was the principal meihfst of extrac¬ 
tion when iSwansea w'as the chief copjjcr smelting 
distrh't of the world. Now many modifications have 
bt'eii introdui-ed; the water jacketed hhist furnace 
for the production of coarse mattes, and the Bes¬ 
semer converter for line mattes and coarse copjier, 
are largely use<l. hhen the refining of copper is 
being carried on electrolytically wbt-n gold, silver, or 
nickel is pre‘-ent in the crude metal. The furnaces 
for roa.stiug pyt iti<! ores and. mattes have been much 
improved, and mechanical furnaces are taking the 
place of iiand worked oi ea, llic Whitc-Howell, in 
which file finely divified ote is fed in at one end of 
a revolving cylinder, tlirough which hot gnscs and 
air are pa.ssitig end delivered at the other end, is an 
illustration of this change. Ilie winning of gold 
from its or«s has lieen heljwd by the intrwinclion of 
the cyanide method of extraction. This was first 
used in South Africa, hut luis now found its way to 
America and Australia. It dejs’nds uyion the fact 
that a weak solution of potassium cyanide will dis¬ 
solve finely diviiled gold, and that gold can be pre¬ 
cipitated from tlie solution by zinc. It is largely 
used in the treatment of slimes which have already 
been throngb the amalgamation pvoce.«8. At the 
Ilomestakc Mine, Dacotah, l,2n() tons are'treated 
daily. The gold reduced from the solution hy the 
zinc is collected in a filter press, and allowed to 
accumulate until a cake about a ton in weight, and 
worth £10,(Xi0, is obtained; this is then refined by 
cupellaiion. beventy-fivc per cent, of the assay value 
of the slimes is recovered at a cost of Is, 6<f, per ton 
of slimes. The Indian gold industry has benefited 
by its introduction, and it has solved the difficulty 
of dealing with telluri<le ores of gold in Western 
Australia. The extraction of other metals lias been 
('.onslderably influenced by modem improvements in 
furnace const raction and working. This is so in the 
case of zinc, mercury, tin, etc., and the old wet 
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i&etbod of iaiokolf eztraoiitm hu disappeaxed. l!he 
uae of the bliiet farbaoe i& daaUne with complex 
lead ores oontaibing silrer bos cotundmably tednoed 
the price of the latter metal. Acoient metalluigy 
was the father of chemistry, but modem metallurgy 
owes maoh to the exact processes of modem 
chemistry.—J. H. See alio MiKiKO. 

Metal Fattemi. Patterns made of brass, tin, 
lead, or (more commonly) of iron. See Ibon 
Pattbbn. 

Metal, Bead (CivU Eng.) See Boad Metal. 

Metal Sale (Typi>g.) A general expression for the 
rule by means of which plain, dotted, wavy, or oilier 
lines are produced in printing—em rules or dashes, 
thus ,-. 

Metals. Solid elements, with the single excep¬ 
tion of mercury, which is a liquid, which (a) form 
basic oxides, (b) form chlorides which are in mo.'it 
cases not decomposed by w’ater, and in the few ca.ses 
in which they are decomposed by water give basic 
chlorides; (tr)either form no compound with hydrogen 
or, when they do, give a solid compound, while all 
non-metals form at least one hydrogen compound 
which is gaseous. Any typical metal will conform 
to all these requirements; but in one or two cases 
the requirements are not completely conformed to, 
as, for instance, in the case of antimony, which forms 
a gaseous hydride, but conforms in other respects : 
antimony may be called a metalloid (^.e.) Besides 
the chemical distinctions just mentioned, there are 
certain physical properties which distinguish the 
metals as a class from the non-metals as a class; but 
if these are applied to particular cases they often 
break down. For example, the density of the metahs 
as a cla>s is higher than tluit of the non-metals as a 
class; but the metal lithium has a densitv of O'G, 
while the non-metal iodine has a density ,50. 
llio physical properties referred to are density, 
malleability, ductility, electrical and thermal con¬ 
ductivity. As a class the metals possess these 
properties in a higher degree tlian the non-metals as 
a class ; but the metals show great differences among 
tlicmselves in these properties. Lithium, the lightest 
metal, has adeusity of 0 (5, while osmium, the heaviest 
metal, has a density of 22*5. ITessure increases the 
density up to 10,U(K) atmospheres, and above this up 
to 150,000 atmospheres dinjinishes it—the explana¬ 
tion of this surprising result being tliat a metal 
contains solid and liquid molcK'ules the former 
of which aie incompressible, but at excessive pressure 
ebange to the latter and increase in volume in doing 
BO. In malleability metals differ enormously, gold, 
silver, and copper being the most malleable; gold, 
silver, and platinum the most ductile; while bismuth 
is neither malleable nor ductile. In conductivity, 
both electrical and thermal, similar wide differences 
exist; thus, the former value for copjx’r being 10th 
sliver, the best conductor, is 10.5, and mercury is I'G; 
the latter value for silver being 100, oo]iper is 7.3'(), 
and mercury is 1'3. The melting jioints of the 
metals also ^ffery greatly: mercury melts at—SS-i". 
silver at 961®, copper at 1080“, platinum at alrout 
1780“, chromium' about 200(r, while osmium is 
practically infusible. Many metals arc transparent 
to light in thin films: gold leaf transmits green 
light 5 merenry, blue light; silver, blue light. Most 
motels appear to have monatomic molecules (o.r.) ; 
this has been ascertained by the lowering of tbc 
freesing points of solutions of tbc metals in tin. 


Metals (6V«if Ehty.) The tails of a talltl^, 

-(Afor ) There are two metals used in oetal^b^ 

—gold and silver blasoned or and argent. See 
Hbraldby. 

Metal SpianlJig (AW., cfc.) Many circular objects 
may be formed out of sheet metal by means of a 
process termed spinning, A flat sheet of metal is 
cut approximately to size, and mount^ on a chuck 
whose cross-section follows the profile of the object | 
to be formed. The chuck is set in rotation in a lathe, 
and a smooth blnnt-ended tool is pressed against the 
metal, which is gradually caused to conform to the 
outline of the mould formed by the chuck. The 
prticess can be applied to almost any malleable metal, 
and is frequently used in forming circular bowls, 
dishes, etc., of pewter, Britannia metal, copper, 
and brass. 

Metamerism iChem.) See Isomerisk. 

Metamorphic Rocks Q&eol.) Sedimentary or elm 
eruptive rucks which have undergone changes within 
the Earth’s crust, by which their original character 
lias been more or less altered. This may arlM 
through the prolonged action of heated waters 
without any accompanying effect of a mechanical 
nature (thermumetamorphism). Of this nature are 
many marb!e.s and quartzites, and all ^nds of 
hornfels. It may be due to causes of a dynamical 
kind, as in t!ie case of the conversion of sediments 
into Mu"ouvite Schist; or, lastly, it may arise simidy 
through the chemical action of subterranean waters 
at a low temperature. 

Metamorphism {Geol.) A general term used by 
geologists in connection with rocks of any kind that 
have undergone changes since their formation which 
have altered their general aspect. It is usual to 
recognise three types; (l)Tho changes induced in 
rocks by the prolonged action of heat in the presence 
of w'ator. This is distinguished as thermometa¬ 
morphism. (2) The effects arising from movements 
within the Earth’s crust, especially from those oon- 
nccted with important chaugos of level at the 
surface. These are rofenvd to as dynamic meta¬ 
morphism. (8) The effect.s of the prolonged action 
of undergrounil waters. 'J’he last is known as hydro- 
metamorphi.sni. 

MetaphosphatesCC^em.) Salts of metephosphoric 
acid. S/r I’HOSPiioBUs Compounds. 

Meteor (Agtran.) A small body which becomes 
incandescent in passing into the Earth’s atmosphere, 
and i.s burnt up before it readies the Earth’s surface. 
There are numerous showers of meteors, the more 
important being those that occur in August and 
Novenilier each year. 

Meteorites (A siren.) SItony or metallic bodies of 
various .sizes which fall on the Earth’s surface from 
outer space. In pas.sing through the air they be¬ 
come fusible, and sometimes Inirst with a loud 
explosion. They are usually classed, according to 
their composition, as: (1) Stony meteorites or 
aerolites, which are closely related to some of the 
ultrabasic eruptive rock-s. ^2) Siderites, which con¬ 
sist largely of alloy.", of iion and nickel. 

Meteoritic Hypothesis (Asfron.) An hypothesis 
which suggests that all the heavenly bodies are either 
meteoric swarms, more or less condensed, or the final 
products of such condensation. 

Meteorograph (Meteorol.) An instrument general^ 
attached to kites for obtaining the combined records 
of the thermometer, barometer, anemometer, affd 
relative humidity. 



mstf 


a96 


MBT 


Meteorology. Meteorology is the science -which 
treats of the condition of the atmosphere surround¬ 
ing our earth and the causes whicli give rise to the 
manifold variations of temi:)emture, etc. The sub^ 
ject may be divided into Weatheb and Climate. 
Weatbeb may be regarded as one phase in the 
succession of phenomena whose complete cycle, 
recurring with more or less uniformity every year 
{see below), constitutes the climate of any place. 
Climate is, therefore, the sum total (if the weather, 
and gives us an idesi of the avrruffe conditions of 
the atmosphere on different parts of the earth’s 
surface. The earth with its surrounding envelope 
of air being a satellite of the sun. a body relatively 
very hot and of immen.se size, it is only natural that 
this central orb should be the all-dominating factor 
in terrestrial atmosplieric changes and movements. 
This envelope is heated indirectly by the solar rays, 
the earth being warmed first and then parting with 
its heat to the air in contact with it. A circulation 
is thus set up, the warm air rising, and its place 
being filled np by the inflow of cooler air. This 
ascent of warm air reduces the atmospheric jrres- 
sure at the locality' in which it occurs, and thus a 
cyclonic region is initiated, j/ow pressures therefore 
are associated with ascending air currents. Since 
the air in these ascending currents cools as it riinchc.s 
higher regions of the atmosphere, it must ucc('s»aiily 
descend again to tJie earth. Region-i wliere tiicse 
descents occur are localities of high pressure (anti- 
cyclonic areas). I'he earth being uni-qually heated 
by the solar rays, tlie equatorial regions receiving 
more heat than tlie i>olcs, there is a tende.ucy for an 
interchange of air between tiiese locahti(»s. VVliat 
is the exact manner of tliis interchanao is a ques¬ 
tion as yet under investigation; but it is .shown to 
be incorrect to .say that “polar" and “erjuatorial” 
currents, as usually defined, occur. Nevertheless, 
the earth, with the cold regions at tlie poles and 
the highly heated equator, may be oonsidenri as a 
huge condenser. Two facts which tend to compli¬ 
cate the atmospheric circulation are: (a) Tliat land 
surface is more easily heated and more quickly 
Cooled than water surface; and (ft) that the distribu¬ 
tion of land and water is very unequal, the northern 
hemisphere having by far the greatei- predominance 
of land. Again, the earth is not a stationary body 
relative to the sun, but moves, revolving round it 
once a year, and at the same time spinning on its 
axis in a js-riod of a dfiy. The first result of tliis 
latter motion is that the general circulation towards 
and away from the equator does not take place 
in a north or south direction, but tl>e direction of 
movement is deviated to the right of the original 
direction. Again, -since only one-half of the earth 
can be turned to\vard.s the sun at any one moment, 
the other half being in darkness and shielded from 
the heat rajs of ilie sun, an unequal heating of th(‘ 
atmosphere as a whole is set np. Tliis results in the 
“ diurnal variations ” ((f the meteorological elements, 
such as pressure, temperature, etc. These elements 
have also an annual variation, due to the revolution 
of the earth round the sun. In consequence of the 
inclination of the earth's axis to the plane of the 
ecliptic—t.c. the plane in which the earth moves— 
sometimes the nortiiem hemisphere and sometimes 
the southern hemisphere is more expo^d to the 
solar rays. This is the cause of the variations known 
as “seasonal changes.” In consequence of these two 
periodic movements of the earth, and the resulting 
variations in tlie intensity and direction of the air 
curtCEts, we have changes of WEATHER. The 


greater the distance from the Equator the more 
complex do these changes become, owing to the inter¬ 
lacing currents producing rapidly moving cyclonic 
and antioyclonio areas. Now, if the sun gave out 
the same quantity of heat each year, more would 
probably be known about the laws of such changes. 

I Although direct measurements of the quantity of 
I heat raciiated do not indicate solar variations of heat, 
I there are periodic changes in solar phenomena, such 
I as spots, prominences, and coronal streamers, which 
! show great disturbances in the solar atmosphere. 

I These disturbances are periodic in their nature, so 
i far as can at present be determined, and have periods 
I of about four, eleven, and thirty-five years. There 
is thus reason to lielieve that the sun does change 
its temi)eratnri>, and such variations should have its 
effect on the terrestrial atmospheric circulation. 
Weather, therefore, will lie subject to continual 
I olianges, aud so will the Climate of any region. 

! That all countries are subject to series of wet and 
dry years, with tlieir .attendant disastrous floods 
! and drouglits respectively, is a fact well known, and 
I it is the aim of METEORtiLooY to investigate, and 
’ possibly ultimately discover, the laws by which these 
variations are governed.—W. J. S. L. 

j Meter {Huild.) An apparatus for measuring the 
volume of gas or water svjpplicd to a building, etc, 

- (Klni. Enij.) A device for measuring Ihc 

, amount of energy— usually in Watt llOTlRS (y.».)— 
sujiplied. A meter usually contains meeliaiiism 
, actuated or controlled by the current; this mechanism 
registers the supply by iiicaus of dials. In most 
I cases, as the voltage is constant, ouly tlie number of 
amp6re hours is recorded, one aiup^ro hour being the 
(luantiiy of eleciiii'ity wliicli is traii.sfcrred by a 
current of one amjWirc flowing for one hour. Tlicro 
are very many typi"' of meter ; the following may In; 
taken as cxaraplo-s. Thi' Aron Meter contains two 
, trains of clockwork, eacli governed by a iiendulum. 
One pendulum swings under the action of gravity 
only; the other cairie.s a permanent mtigmit as a 
bob. Underneath this magnet a solenoitl is fixed, 

' through w];ieh the current jiasses. An additional 
controlling force is tlierefcre exiicricnced by the 
i second pendulum, wJiich eanscs it to swing quicker 
; than tlie fir.st. The number of beats which the second 
; pendulum gain.s in a given time depends upon the 
, strength of the current (other things lieing equal); 
by means of sniialile mechanism this number is 
registered, and tlic mindier of ampere hours read off on 
, dials. The Emsox Meter depends iqion the prin- 
• ciplc of eloctrolyris (//.r. t, and registers the quantity 
ot current which has passed by means of the decom- 
ixisition of a solution of zinc sulpliate with zinc 

■ electrodes. Tiie lo.ss in weight of the anode should 
, (iqual the gain in weight of the cathode, aud each 

is profiort ional to the total quantity of electricity 
i whioli has flowed tiirough the electrolytic cell. The 
I Shallenbl’bgeb and Elihu Thompson Meters 
! are types in winch the mechanism is rotated by the 
i current at a rate which is pioportional to tlxe 
' current whose strength is to be recorded. The former 
: is adapted for the measurement of alternatingcurrents 

■ at constant voltage ; the latter can be used on either 
. alternating or direct current circuits, and gives the 
I number of watt hours directly, whether the voltage 
j vary or not. 

I Methane (Ohrm.) CIl,. Also called Manh Gas, 

1 Light Carbopetted Hydrogen, and, fty coal miners, 

’ Firedamp. A colourl(<ss, odourless gas; Imils at 
i — 15fi’, solidifies at—1H4^ It is a light gas, veiyr 
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aparinglj soluble in water. It bums in air with a 
loebljr luminous flame to carbon dioxide and water, 
OH4 + 20j C0,+2HjO. A mixture of methane with 
twice its volume of oxygen—the proportions required 
by the above equation—or ten times its volume of 
air, explodes violently when ignited. When slowly 
burned with insnfflcient oxygen (two volumes marsh 
gas to one volume oxygen) it forms formaldehyde, 
carbon monoxide, carbon dioxide, and steam. 

H H H 

I I I +0.,= 

h-o-h+o,=h-c=o+h..o,h-c=o 

ll[ 

H 

CO, + ILO I +0,.=2C0 + 2H,0 
2H-C=0 ' 

Chlorine in bright sunlight decomposes it, giving 
carbon and hydrochloric acid. But wiicn the action 
is slower substitution occurs, giving methyl chloride, 
CH.Cl; methylene chloride, CHjCl,; chloroform, CHCl,; 
and carbon tctracIUoride, CCl^. It occurs when vege¬ 
table matter decomposes in contact with water, .so 
that it arises in bubbles from stagnant pools, and it 
is found in coal. Its pre.seuce in coal mines is 
sometimes the cause of explosions. It also occurs 
in the gases from oil wells. Methane is synthesised 
by passing carlmn monoxide or dioxide and hydri^n 
over finely divided nickel at 300“. Ordinarily it is 
prepared by heating a mixture of .'^odium acetate 
CH, 

and soda lime, | + IlONa = (’ET, + CO(ONa)„. 

COONa 

Very pure methane is obtained by the action of zinc 
coated with copper on a mixture of methyl iodide 
and methyl alcohol, 

CH,l + CH,OIl + Zn = Cn, + Zii ; 

but the gas so prepiircd must be p.-issed through a 
tube immersed in a powerful freezing mixture to 
remove vapour of metliyl iodide. 

Hethoxidea {Che m.) Comiiouiids derived from 
methyl alcohol by the replacement of the hydroxyl 
hydrogen by metals; sodium evolves hydrogen 
when it is brought into methyl alcohol, and forms 
sodium uiethoxidc, C'II.,OH + Na = CH,()KaH. Tliis ' 
Is the must inqmrtant methoxide; it is a white | 
crystalline solid, soluble in methyl alcoliol. and . 
ca.sily <lecon>p<jsed bv water, CHjONa + — 

C11,()H 4 NaOH. ■ ■ j 

Methoxy (f7AerH.) The name given t.* the group ! 
OHjO—. This group lias 110 iudepeudeiit exisienee, ! 
but this name for the group enters largely into 
chemical nomcnclaturt;; c.y. .several alkaloids con¬ 
tain methoxy groups (codeine, see under Mukphixs: ; 
quinine, tee viimtr Cinchonine). Tlic methyl i 
group in methoxy compounds is replaced by hydro- j 
gen by the action of liydrioilic acid. The hydroxy : 
group*( —OH) in a phenol is convertod into the 
methoxy group by the action of methyl iodide and 
sotiium othoxide. iSec under IMobphine. 

Methven Screen. An opaque screen containing 
a narrow slot, placeid in front of a standard gas 
burner; the size of the slot is so adjusted tlmt the 
light transmitted, shall bo equal to that of two 
standard sperm candles, when the gas flame is 3 in. 
high. Its value tlepends upon the fact that the 
luminosity is proportional to the height of the ilauie 
rather than the quality of the gas, within very wide 
limits. It is used as a standard light in photometric 
wovk. 


Methyl CC/iem.) The name given to the group 
CH,—. This group has no ind^n^nt existence, 
but this name for the group enters largely into 
chemical nomenclature ; e^. CH,C1 is called methyl 
<;hloride; C,HjSHCH, is called methyl aniline, 
because it may be regarded as aniline, in 

which one atom of hydrogen in the NH, group has 
been replaced by the methyl group. 

Hethylal iCIiem.'), Pleasant smelling 

liquid; bods at 42“; sriluVde in water. Formed by 
oxidation of methyl alcohol with manganese dioxide 
and dilute .sulphuric acid. 

Methjrl Alcohol {C7iem.), CH,OH. (The crude 
alcohol is called wood spirit and wood naphtha.) A 
colourless liquid; smells like ethyl alcohol; 1)0118 at 
6G“; soluble in water: bums with blue flame to 
carbon dioxide and water. Its chemical reactions 
are like those of ethyl alcohol. With sodium it 
gives sodium methoxide, CH,OXa; with the chloride 
of phosphoru.s, methyl chloride, .HCH,OH + I’d, 
= 3CH,C1 + H^l’O,,- it forms a crystalline solid with 
calcium chloride, CaCh4CH,OH ; on gentle oxidation 
it form.s formaldehyde’(g'.e.); with acids usually in 
presence of a dehydrating agent it forms esters, 
e.ff. CHgOn + HCl = f’HjCl + H„0. It occurs com¬ 
bined with salicylic acid in oil of wiutergreen, and 
can be obtained from this by boiling in a flask with 
reflux condenser with caustic soda solution, then 
i distilling the product. Only methyl alcohol and 
water distil over 

<?5„ Xa . 0H.0H 
Sodium salicylate. 

On the laigc seal", it is obtained from the watery 
portion of the distillate from the distillation of 
‘ wood in closod vessels. TliLs watery portion is 
I called pyroligneous acid. About a tenth is distilled 
over, and the distillate is mixed with slaked lime and 
redistilled. This removes acetic and other acids. It 
is now distilled from a little sulijhuric acid: this 
removes bases. Ibis distillate is .stood over quick- 
liute and again distilled—removal of water. This 
product is crude wood spirit; it contains acetone and 
other impurities. Calcium cliloride is now added 
to form the crystalline comjsumd mentioned above, 
which is filtered off and pre.ssed, treated with water, 
and distilled; methyl alcohol and water pass over. 
'J'he alcohol is dehydrated over quicklime as before. 

Methylamine {OJiem.), CHp^H.. Gas, colourless ; 
smells like ammonia and fish at the same time; boils 
at —G“; extremely soluble in water (1,150 volumes in 
1 volume of water at 12'5“); readily burns in air with 
a yellow flame, forming carbon dioxide, water, and 
nitrogen. It. is a x>o'verful base, forming salts with 
acids, just as ammonia does, and its aqueous soluti(>ii 
gives prccixiitates of the hydroxide with solutions of 
metallic salts, also like amnnuiin does; but with 
nitrous acid it yields methyl alcolioL 

CH.NH.. + ON. OH = CH,OH -i- N, + Hj.0 
NH; -t- on . on = H,0 + K + H,0 

With methyl iodidi- it forms dimethylamine hydrio- 
dide, then trimethyLamine hydriodide, then totra- 
methj’laminonium iodide. It unite.s with ethyl 
oxalate to form dimethyloxamiile. See Tki- 
METHYtiAMtNB. It ociMirs in herring brine, in 
pyroligneous acid M ETHYL ALCOHOL), in the 

plant Dog’s Mercury (Merctirialie perennui). It is 
best obtained from acetamide by dissolving in 
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bromioe, uddiag 10 oent. caucitic potaab soJiMiion 
till yellov, apd distjUing prodU0t with W per 
cent, caafitic po^idi. The distillate meat be received 
io hydi^hlonc acid. Home ammonia comes over with 
the methjlamine. To separate the two hydro¬ 
chlorides evaporate to dryness on a water bath, and 
treat with absolute alcohol, when methylamine 
hydrochloride alone dissolves; filter and evaporate; 
the base may be set free 1^ caustic soda. Tt is also 
produced by the redaction of hydrocyanic acid with 
sine and sulphuric acid, by the redaction of nitro- 
methane with iron fillings and acetic acid, by distil- 
ling glycoooU (s-v.) with baryta. 

Kethylated Spirit (Chem.) A mixture of 90 per 
cent, raw spirit of wine (crude ethyl alcohol) and 10 
per cent, wood spirit (crude methyl alcohol), to 
which some paraffin oil has been added. This concoc¬ 
tion can be used for many technical and chemical 
mocesses, instead of pure alcohol, and as it is not 
drinhable it is sold free of duty. It is used as a 
solvent, tor burning, and for the manufacture of 
** methylated ” ether and “ methylated ” chloroform. 

Methylates ( c^eta. ) Ser Mkthoxiobs. 

Methyl Chloride, Bromide, Iodide 
CH.C1, CHjBr, and CH,I. The first two are gases 
which boil at—24° and 4'6° respectively; the thinl, 
is a liquid which boils at 43°. In properties, 
reactions, and preparation they resemble the corre¬ 
sponding ethyl compounds. See these. The chloride 
is used In medicine as a local aniestbetic, and the 
iodide is an important reagent in organic diemistry, 
just as ethyl iodide is. 

Methylene (CAem.) The name given to the group 
CH^ which has not an independent existence. 


Examples of methylene derivatives are methylene 

iodide. CH^; hexamethylene,CH, <chCchJ> 

etc. Methylene iodide is a heavy colourless liquid 
(specific gravity, 3‘34), obtained by reduction of 
iodoform with hydriodic acid. 


Methylene Bine ( Clum.) Tetramethylamidophen- 
thiazimfum chloride— * 


i 



Dark blue powder, soluble in water and alcohol; 
dyes cotton mordanted with tannin a blue which is 
fast to light. Used in medicine for malaria, etc.; 
it colours the urine and faece« blue. It is obtained 
by oxidation of dimethylparaphcnylencdiamine in 
presence of sodium tbiosulpbate and furtlicr oxida¬ 
tion of the product by chromic acid in presence of 
dimethylaniline. On now boiling with a solution 
of zinc chloride the leuco-base is obtained 


yC.H-N(CH,)* 

HN(C / S , which on oxidation yields the 

N;.h,-n(ch,), 

dye. The commercial dye is the zinc double salt 
2(C„H,sN,KCl) . ZnCL. H,p. See Dyes axd Uyeino. 

luthyl Ops^e ( Chem.) (Alsu eiiUeA Orange III., 
Beiiaathine, Troptsollne D. ) It is the sodium salt of 
pBradimethylaini<mbenzene sulphonic acid (the free 
add is somdimes called Eeliantkine), A yelhiwisli 
red powder, soluble in water, giving a yellow solu¬ 
tion whoa dilated. With adds the solution turns 


pink; on neutrali«!atioD of the solution the ydloir 
colour is restored.' See Impioatobb. It is preyoared 
by the actitm of dimethyl aniline on the hydro¬ 
chloride of diasobensene sulphonic acid; on addititm 
of caustic soda and common sal^ iiM>tbyI orange 
separates out. 


Methyl Violet (Chem.), C 



Is a mixture of the hydrochlorides of penta- and 
liexamethylpararosaniline. See rABABOeAsriLIHB. 
The above is the formula for the pentiunethyl com¬ 
pound. It forms a lustrous green amorphous powder, 
soluble in water and in alcohol. It dyes silk and 
wool directly, cotton after mordanting with tannin 
and tartar emetic. It is prepared by oxidation of 
dimethylaniline in presence of phenol by means of 
cupric chloride (common salt and copper sulphate) at 
a temperature not above 60°; the solution in water 
is then treated with milk of lime, washed, suspended 
in water, and the copper precipitated by sulphuretted 
hydrogen. The base is extracted with warm hydro¬ 
chloric acid, and precipitated by addition of oommon 
salt. See Dyes and Dyeinq. 


Metol (Photo.) This—one of the newer substances 
introduced as a developer—is the sulphate of methyl- 
para-amidomctacresol, C^H,CH,OHNHCIi,. SO,. It 
keeps well in solution with sodium sulphite, and is 
very energetic as a developer, giving negatives full 
of detail and good gradation. (Combined with hydro- 
quinone it is the favourite developer for the so-c^ed 
gaslight papt^rs, 

Hetonie Cycle (Astron.) A lunar cycle of 235 
synodic months employed in finding the relation 
between solar and lunar years. Used for determining 
the time of Eiister. 


Hetopez {Architect.) The square panels in the 
frieze of tlie Doric entablature separated by tbe tri¬ 
glyphs. The triglyphs are the constructive part of 
the frieze, tbe metopes being merely thin slabs either 
carve d or left plain. In very ancient examples tlie 
.s)>accs between the triglyohs were left open. See 
KNYABLAaitBE; ABCHlTkirUBB, Obdbbs OB; at^ 
Dokic. 


MetofiiiBone {Photo.) A compound fonned by 
mixing saturated solutions of melol and hydro- 
quintuie in the j-roportion of two parts of metol to 
one of hydroquinone. Anhydrous soda sulphite is 
then added to strliiration, when, after a few seconds, 
an abundant precipitate is obtained in the form of 
brilliant white particles. A formula for developments 
is as follows: 

Metoquinone ... 4 grains. 

Anhydrous Soda Sulphite . 26 „ 

Water . . . . 1 oz. 

Metre. The metre, which is tbe legal standard 
of length of tbe French Bepublic, was originally 
defined as one ten-millioutli of the distance from 
the role to tbe Equator. It was thought that a 
natural standard of length could thus be obtained, 
but the difficulty of accurately comparing tbe metre 
with the chosen distance has proved so great that 
length of a ceilain bar of platinum at 0° C. is now 
defined as the legal metre. The Earth’s quadrant is 
(according to recent measurements) ten million ei^t 
hundred and eighty (10,000,880) metres. See 
also Weights and AIbasvbbs. 

Metric Syitem. See Wbiobts and Mxasubes. 



me 


(.Miffki). Ani«utartimeotioripe«0iuing 
ndotiiy? mgth of notes wu} lor eosbUng pn- 
iarmen ^ sisoeiiain tbe exact speed whicn cem- 
posers ^rish tbelr works to be penormed. It consistB 
of an OBciliatorj steel rod (worked clockwork action) 

snspended on a pivot with a fixed weight at the lower 
end, and a smaller and movable weight at the upper 
end, which by being. 
placed nearer to the 
pivot increases the 
oscillations per 
minute. Behind the 
pendulum are figures 
to enable the proper 
adjustment of the 
weight to be made 
according to the 
directions on the 
musical composition 
to be timed. These 
direutions consist of 
the letters M.M. 

(Maelsel’s Metro¬ 
nome), and a note 
and figpires, e.y. 

I 

M.M.C< = 72. To 
ascertain this the 
top of the movable 
weight would be set 
at 72, and each o.scil> 
lation of the pen¬ 
dulum would be the Mabizel's Hetbonome. 

speed of the minims; 

in fact, the numbers show the number of beats per 
minute. Care must alwa3's be taken to see which 

length note is being timed (e.g.cf=l2 equals 144) 
otherwise ridiculous misthkes will be the result. 
Another metronome (Tinfold’s) oscillates on the 
finger. 

Meuanlnn. An intermediate storey, frequently in 
a wing, between two storeys of the main building. 
The French name is Entbbsol. 

Mexxo (Mutie), Half. 

Meuo-Relievo (Senlj/t.) Sculpture in which the 
figures project half their true proportions from the 
background. See Alto-Relikvo, Basso-Reubvo, 
Cavo-Bkuevo, and Intaglio. 

Muco-Boppuio# The voice between soprano and 
contralto. 

Heiaiotiiit. See Enqbating (Mezzotint). 

11 . 0 . iMittio). The left hand ; the letters standing 
for the French main gauche. See M.S. 

Mho {Elect.) A name (rarely used) for the unit of 
conductivity; it is equal to the conductivity of a 
conductor whose resistance is 1 ohm (j.v.) If the 
resistance of any conductor be r ohms, its conducti¬ 
vity is i mhos. 

Mi {Miuie). The Sol-Fa syllable for E. 

Whaa, {Elect.) Mica is used (1) as an insulating 
material in oases where the latter is required in the 
form of thin plates; (2) as a flieleotric material _ in 
condensers, on account of its high sjiecific inductive 
capacity. See Insulating Matebials and Speoific 
iKDttCTIVB CAPACaTT. 

- (M».) The name applied to a group of 

hydrous sillwtes crystallising in the monosyinmetric 
system and showing psendohezagonaJ forms. All 



have a perfect basal cleavsge, the being 

elastic. Usually tnunqiarent in tbin hMaette. JSw 
Blom%, IfUSOOTITX, ete. / 

MieMdie {Meet. Eng.) A nop-oonduoting sab.' 
stance composed of small plates of mica cemented 
together by some non-conducting cement. It osA be 
moulded into a variety of convenient forms. 

Miea Trap {Seal.) See Tbap {&eel.) 

MIerebe {Biol.) A term loosely applied to certain 
minute organisms, especially those constituting the 
germs of diseases. See Bactebia, Bacilli, UlOBO* 
coccus, Spieilluji, Vibeio, ao. 

Micpoeline {Min.) An aluminium and potassium 
polTsiUcate, ^O.Al^O^.GSiO,. Triclinic. It often 
shows a striping due to multiple twinning, and also 
a cording. Twinning also occurs in a simpler form. 
Usually white to flesh colour; but the variety 
Amazoustone is green. -Of wide distribution as a 
rock forming mineral. 

MlffiMMOceas (Biol.) Bacteria having a short 
rounded form; they are found either isolated from 
each other, or in rows looking like a string of beads. 

Mieroeoamie Balt ( C%em.) A common name for 
sodium ammonium phosphate. See SODlUlt COM¬ 
POUNDS. 

Microfarad {Eket.) One millionth part of a 
Pabad { g . v .) 

Micrometer. A general term for an instrument 
fur measuring very small lengtlis. See Micbometeb 
Gauge, Micbometeb Eyepiece, Bcbew Gauge, 
etc. 

- {Aatrm.) In astronomical measnrements 

various forms of micrometers are employed, such as 
ttie filar position micrometer, etc. Ttiey are used 
for measuring email angular distances in space. 

Micrometer Eyepiece. An eyepiece used to micro¬ 
scopes, telescopes, etc., and fnniished with a finely 
divided transparent scale, which is so placed as to Im 
in focus at the same time as the image of the object 
which is viewed. The apparent size of the object or 
the relative sizes of its parts can be read off directly 
on the scale; the real size (in the case of a micro¬ 
scope) is found by placing a Stage Micbometeb, 
which is another finely divided scale, in the place of 
the object, when the absolute value of the divisions 
of the scale in the eyepiece is at once evident. 

Micrometer Ban^e {Eng.) A form of Sobew 
Gauge (^.t*.) made with jaws sufficiently wide to 
allow of its use as a caliper for measuring the ex¬ 
ternal dimensions of objects with groat accuracy. 

Micro, Mier. A prefix denoting that the nnit is 
divided by one million, e.g. MICBOHM, one millionth 
of an ohm. 

Micron. One millionth part of a metre. 

Microphone {Elect.) An instrument used in the 
transmission of sound in a telephone cirenit. It 
consists essentially of one or more loose contacts 
between conductors (usually pieces of carbon) form¬ 
ing part of the circuit, ^is loose contact is ex¬ 
tremely sensitive, a very small vibration producing a 
variation in the resistance at the point of contact. If 
a battery and a telephone be joined in series (y,».) 
with the pieces of carbon forming the loose contact, 
every vibration will cause a variation in the conent, 
and therefore a movement of the diaphragm o£ the 
telephone and a corresponding sound in the latter. 
The Tbansmittbb of a modem telephone usually 
consists of some form of microphone; it is oft^ 
termed a Cabbon I'bansmitteb. 
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ncroMiope. The ordinarv or CJoupotthd Miobo- 
ecofiB ooDsists 9f certain systems of lenses mounted 
in a tube or body, which is supported by a suitable 
stand provided with various devices for focussing, 
adjustment of the position of the object, concentra¬ 
tion of light in the field of view, etc. It will be con¬ 
venient to consider separately tire optical and the 
mechanical portions of the instrument. The former 
comprises the Objbctivb, a combination of lenses, of 
short focal length, placed near the object to be viewed ; 
it forms a real and considerably enlarged image of 
the object. A usual form of objective comprises 
three “ double ” lenses, each consisting of a double 
convex lens of crown glass cemented to a plano¬ 
concave lens of flint glass, the plane surface of each 
doable lens being turned towards the object. The 
whole system is very carefully corrected for chromatic 
and spherical aberration. The equivalent focal length 
of the combination may vary from 3 in. down to 
^ in.; objectives of more than 1 in. focal length aix*, 
however, rarely used. For the higher powers (/.c. 
objectives of equivalent focus from ^ in. downwanl) 
the optical proi»ertie8 of the objective may be greatly 
improved by filling the space between the cover glass 
of the slide and the lowest lens of the objective with 
some clear transparent liquid ; water was originally 
used, but it is now enstomarj* to employ cedar wood 
oil, which possesses optical properties closely 
approaching those of glass (i.e. it has nearly the 
same refractive index and dispersive power). An 
objective intended for use in this manner is termed i 
an Oil Immebssion Objective. The image formed 
by the objective is viewed by means of an Eyepiece, 
which produces a virtual and enlarged imago of the 
original (and real) image. The eyepiece usually con¬ 
sists of two lenses mounted in a short tube; in the 
form generally employed, known as the HreuHENs 
Etefieoe, the lenses are plano-convex ; their focal 
lengths are in the ratio 3 :1, and the distance 
tillween them is equal to the difi'erence of the focal 
lengths. Other forms are also used, e.g. the Kamsdkk 
Eyepiece (g.v.) A microscope is also fitted with a 
mirror, as shown at B in the figure; this ser\ os to 
reflect light up through the slide. In most mixlern 
microscopes a plane and a concave miiror are fitteil 
back to back in the same mount, so that either may 
be used at will. A Conuenseb is another device 
for the concentration of light. It may consist of a 
single convex lens placed on a separate stand, and 
arranged to focus a beam of light on the top of an 
opaqnc slide, or it may be some form of Scb-Stagb 
CONDEKSEB. This is a system of lenses (often pro- ; 
vided with an adjustable diaphragm) fitted beneath 
the stage, i.e. between the mirror and the slide. In 
the figure the sub-stage o carries the condenser. 

A Pexbological Miceoscope is a/lapted for the 
examination of minerals by {lolariscd light. A 
POLABISEB (q.v.') is fitted to the sub-stage, and a 
Nicol Pbism C^.®.) fitted to an eyepiece serves as an 
analyser. See also Polabibation. The mechani¬ 
cal arrangements of a microscope are shown in the 
figure, which is a somewhat diagrammatic representa¬ 
tion of an instrument of Watson’s Van Heurck model. 

A is the Body, or tube, provided with a female 
screw at B, into which the objtsctive is screwed; 
the eyepiece c slitles into the to]» of the tube. The 
bofly is supported on the main frame D, and can be 
moved up and down by means of a Coabsb Ad.iu8t- 
MEUT consisting of a rack and pinion, the latter 
being actuated by milled hcails B, E. A<‘curatc 
focussing is obtained by means of a fine thre.aded 
screw acting on the bo<ly thi'ough a lever and turned 


by a bead F. The frame is supported by a strong 
claw foot o, and ItSan be tilted and clamped at any 
angle by a locking nut furnished with a han^e H. 
K is the Stage. This can be completely rotated, 
while the upper x^^rt l, which carries the slide, 



possesses linear traversing motion along two direc¬ 
tions at right angles to each other, given by milled 
heads H and n. 0 is the Sub-Stage, furnished 
with set screws for holding a condenser or polariser; 
it can be rotated in its support, and can also be 
raised or lowered by means of a coarse adjustment 
P and a fine mljustmcnt Q. The illuminating mirror 
is shown at e. When two or more objectives have 
to be nsed in succession, it is convenient to fix 
them to a Nosepiece, a device attached at b. This 
enables either objective to be brought into position 
by means of a pivoted arm. 

MicroBCope, Conunercial Uses of. In addition 
to the purelj scientific use made of the microscojie, 
there is an extensive field for its continual em¬ 
ployment in commercial circles and in industrial 
manufacDures. There i.s scarcely any industry of 
importani-e in which the microscope does not play 
a prominent x>art. In the manufacture of IKOK AND 
Steel it is constantly resorted to in order to test 
and control titc quality of finished goods, such as 
girders, boiler j)late.s, and other steel structures in 
which strength and uniformity of material are of the 
utmost importance. Itcscarches with the microscope 
have shown that very minute flaws in the material 
may lead to serious defects in steel structures, and 
steel being now so largely employed in buildings, it 
is evidently of the greatest importance that there 
should lie some means of detecting flaws or defects 
in the metal. The manufacture of METAL Alloys 
also demands a continual reference to the micro¬ 
scope, as it is possible to measure the value and 
composition of an alloy by its appearance under 
tlie microscope. It also serves to determine very 
largely the physical changes due to the mixture of 
one metal with another, and whether the alloy is 
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homogeneous. It further affords inA means of indi¬ 
cating the nature of the alloj produced, both as to 
structure and comjposition. In the Enoinbebikg 
IndubIBY the* microscope finds employment for 
measuring minute differences in dimensions. Thus 
in the construction of instruments in which small 
alterations of length have to be measured with great 
aoburacy, the microscope is the only satirfactory 
instrument for determining such differences. For 
example, it may be necessary to determine the actual 
alteration in length of a metal bar produced by an 
increase in temperature. Tiie increase in length 
produced by a rise in temperature is, of course, a 
very small quantity, but the ratio of expansion is 
readily and accmrately determined by means o'f the 
microscope. The sises of flaws in metal, or of 
minute holes, are all exactly measured in this way. 
In the TBXTtnG AND Allied Tndustbies the micro¬ 
scope is as essential for efficient and economical 
work as any other appliance in the factory. Tims 
in woollen industry the examination of raw materials 
can only be properly carried out with the microscope, 
and by its aid it is easy to determine the nature of 
the various wools used. The raicroscojiical appear¬ 
ance of wools from sheep, goats, and other animals 
are all capable of classification, so that the manu¬ 
facturer can readily determine the composition of the 
woollen goofls which may come under his notice. 
The cultivators ol silk, as well as the manufacturers, 
employ the microscope for ascertaining quality of 
thread, dimensions of the thread, and other factors. 
In the allied industries of liopKMAKiNG, Hat Maku- 
FACTUBB, Pulp and Paper Industbies, all of 
which trades depend on vegetable or animal fibres as 
their staple raw material, the miqroscope is relied 
upon as the instrument for a proper examination of 
not only the raw products, but more fsirticnlarly the 
finishefl goods. The manufacturer is enabled % its 
means to examine the finished goods of his com¬ 
petitor in order to detenniue the materisils used in 
the manufacture of such articles. In the matter of 
the mw material tlie microscope is not so essential as 
with the finished goods, bcwiuse before treatment the 
raw material has marked physit*! differences visible 
to the eye. Tlius in the case of jiaper the raw 
materials employed may be nigs, bemp, jute, wood 
pulp, or espsirto. In the raw condition these cannot 
be mistaken, but it is afterwards snmewhat difficult 
to say what a given pajier is made of l(y a mere 
inspection of a sample. The microscope is also 
laigely employed in Bbbwino and Baking in con¬ 
trolling the condition of tlic ferments necessary for 
the business. By this means they can be waioheil 
and used at the right time and to the fullest advan¬ 
tage. The makers and users of Rtabch, Floub, 
Meal, and similar products are also indebted to the 
micnj8cu|)e as a means for determining their nature, 
origin, and oommcrcial value. It is interesting to 
note that the well known “llovis” flour was the 
result of a careful microscopic investigation by Mr. 
Bichard Smith. The examination of Milk, Buttbk, 
and other products of this kind by means of the 
microscope has thrown a great deal of light upon 
the necessity for absolute cleanliness and u|)-to-r1at« 
methods in the handling of such perishable goods, 
and this industry can no longer he carried on in 
a haphazard manner; in fact, the prciiaratiou of 
almost every kind ot toodstuff i.s controlled by 
means of the microscojje. The examination ot 
fruits, jams, and tinned goods are only a few other 
instances. The Chemist and Druggist deteimines 
the purity or otherwise ot his diugs in a similar 


manner. The Mbdical OmcBB of HbaliP 4&ds 
the microscope indispensable for the detection of' 
adulteration in samples of food and the many 
hundreds of articles sold for domestic use. With¬ 
out the microscope the purity of water and its 
freedom from bacteriological germs could not be 
ascertained, and the microscoiie is continually at 
work in this direction. The examination of HBBOa 
for farmers, florists, and fodder growers by means of 
the microscope is now a process of common and 
daily use. The suitability of Stokes as material 
for Building, the Making op Hoads, otc., can 
also be determined by means of the microsoope, 
thin sections of the various materials being pre¬ 
pared for examination. In detecting Cbihe the 
microscope has long played an important part. 
Without it Handwriting Experts would be 
almost helpless, for it enables them to determine 
very minute alterations in writing, differences in 
the nature of the ink employed, and any erasures 
upon the surface of the paper. In thi.s way the 
microscope is a valuable adjunct to the art of photo¬ 
graphy. Finally, the value of the microscope for 
the examination of bloodstains and the detection of 
crime is now well known to the readers of the daily 
papers. See Metallography. 

Mid or Middle Gear ( Eng.) See Link Motion. 

Midden or Privy System (Ifygtene). This system^ 
which at one time was largely prevalent in this 
countrj', but is now maiidy confined to the northern 
and midland districts, aims at the deodorisation and 
drying of the excreta by admixture with ashes. 
Formerly the receptacles were mere holes in the 
ground, and their contents overflowed or percolated 
into the soil, tnus poisoning the water in neighbour¬ 
ing wells. At the present day middens must be con¬ 
structed according to certain definite rules. A model 
byelaw of the local Government Board prescribes 
that a midden nr privy shall beat least fi ft. from any 
dwelling and 40 or 50 ft. from any well; the floor 
must be not less than 6 in. above the groumi level, 
must be }}avcd, and have an inclination towards the 
door of i in. to the foot. The capacity of tJie recep¬ 
tacle must not exceed 8 cubic ft., thus necessitating 
a weekly removal; it must be of irnjiermeable 
materi.al, not communicate with any drain or sewer, 
and have a hinged scat to admit of the application 
of ashes. 

Middle C (Mime). That note which stands on the 
middle line of the Great Stave of eleven lines, hence 
its position in the Treble and Bass Staves respectively 
as rollows: 



Middle Distance (Art.) That ywrtion of a picture 
whii'h is represented as lying between the foreground 
and the background. 

Middle OU (Chem.) That part of coal tar which 
distils between 170° and 2.’i0''. Fnmi it arc obtained 
the iinportjint substances napththalcne (g.v.) and 
phenol (q.v.) 

Middle Bidl fEleet. Eng.) A heavy conductor in 
the form of a rail carried on insulating supports, 
wliich is laid between the running rails of an electric 
railway to .supply current to the motors. Often* 
termed the Third Bail or Live Bail. 

2G 



■iMie Ball (/9is.) In fraoing, in • door 
m partition, the nil (g.v.) above tbe bottcnm rail* „ 

mddling (lifMf.) Spaces, used to divide 

words, four to an em of a paarticnlar body. 

mdftather {Paver MatutfaeC) A partition fixed 
in the breaker'’ to promote'circulatirai of tbe 
pulp. 

Midfaather Trap {Hygiene). This consists of a 
round {^square box, with an entry tube on one side 
and an^tlet tube at an equal height on tbe other. 
A partition passes down between into the water, 
whfoh stands np to the lower margin of each pipe. 
The trap is not self cleansing, and otherwise fiuls in 
sdOLthe essentials of a good trap. 

Midnight Sun {Astron.) When the latitude of a 
pUne is greater than the polar distance of the sun or 
its oo>deolination, the sun will not set, but will make 
a oom{dete circuit of the heavens. At midnight, 
therefore, the sun will be visible; hence the “ mid* 
JU£^t sun.” 

Migration of Uie Ions {EleH.) See Ions, 
ViosaTioN or. 

m {Elect. Eng., etc,) The one-tbousandth part 
of an inch. Used to denote the diameters of wires, 
thickness of transformer plates, etc., instead of tbe 
numbers in the Wise Gauge {q.v.), since it is more 
convenient in electrical calculations to have these 
measurements given at once in inches. 

MBdJUkaU. Alkali. 

MOd Steel {Eng.) Steel which contains a low 
percentage of carbon; it resembles wrought iron 
very closely, and can be welded. See Steel. 

Vile. See Weights and Measubbs. 

Vilk {Eaodit). Consists of casein (albuminoids), 
fat, carbohydrates, salts, and w'ater, and thus contains 
all the constituents of a standard diet. Cow’s milk 
contains more casein and salts and leas carbohydrates 
than hnman milk, so that in employing it as a food 
for infants it is nece.ssary to dilute it and add milk 
sugar. In the process of digestion the curd (c.asein 
and fat) of human milk forms a loose, fiocculent 
mass, easily assimilated, whilst cow's milk clots in 
masses digested with difficulty. In the artificial 
rearitig of infants this is remedied by the adiiition of 
barley water to the cow’s milk. By Sec. 3 of the 
Sale of Foods and Drugs Act, 1879, an inspector may 
take a sample of milk for analysis which is con¬ 
signed from one person to another. The sample 
must he taken at the place of delivery. Vendors of 
milk and cream must exhibit their name and address 
on the vehicle or receptacle from which the milk 
is sold (Sec. 9). Sec. 11 provides that condensed, 
separated, or skimmed milk shall not be sold, or 
exposed for sale, except in receptacles laiielled so 
that the words are plainly visible to the purchaser. 
See alto Cow’b Milk, Cub'd of Milk, and Foods. 

-y HninanlBed {Foodt). I’roducod by the 

addition of cream and sugar of milk to sterilised 
cow’s milk, thus supplying the deficiency of fat and 
sugar. 

Vilk of Lime ( Chem.) See Calcium Compounds. 

Vilk of Sulphup {Chem.) See Bulphur. 

Vilk, PMteorised {Foods). When raised to a 
temperature of 18(1’ F. milk is said to be Pasteurised. 

Btepillsed {Foods). Milk is sterilised, and 
thus preserverl from fermentation and decomposition, 
«by raising it to a temperature of 212° F. See also 
BTESILieATlON. 


VUk ftngw I^AcToeB.* 

lOlkyVay (AsfnMt.) Swualaxy, 

VIIL (1) A general term for a ^tory. (8) A 
machine (or set of machines) for gmduig » 
substance. 

Villboardi {Bind.) Tbe boards which aw at* 
tached to the unbound booh by ** lacing hi ” (g.tt) 
When covered with leather, cloth, or otfae^snbetanoo 
they form the covers of the book. Millboards are 
made from various materials, the from old rope; 
the cheapest from straw, jute waste, etc. 

VUled Head. The head of a screw provided with 
corrugations on its edge to enable it to be tamed 
by the fingers; used on adjusting screws, etc. 

Villed Lead {Plumh.) Sheet lead that has been 
rolled. 

Villerite {Min.) Bulphide of niokel, FTIS, Nickel 
3= 64*9, sulphur =» 35*1. Bhombohedral, usually in 
extremely fine, hairlike ciystals; hence the name 
Hair Ptbites. Brassy yellow when hesh. Found 
in several localities in the British Isles sparingly, 
especially in Cornwall and Devon; also in Bohemia, 
Saxony, and tbe United States. 

Millet {Botany). Various species of millet, Pen- 
msetvm tyj^hoideum (order, Graniinete), are important 
food plants in India, Egypt, and West Africa. See 
also Dhubra. 

Villi-. A prefix to the name of a unit, denoting 
that the unit is divided by one thonsand, e.g. MlLLi- 
AMPBBE, one-thousandth of an ampere. 

ViUimetre. See Weights and Measubbs. 

Millimetre Pishes {Eng.) Screw tlireads whose 
pitch ih a .simple decimal fraction of tbe metre. 

Villtng (Coins). The grooves or indentations on 
the cslge of a (Viin. 

- (Eng.) (1) Cutting metal, etc., by means of 

revolving circular cuttens, having teeth of various 
sljapes to suit the work in hand. The cutter is oall^ 
a Milling Cutter, and is attached to • rotati;^ 
spindle (which is either horizontal or vertical) driven 
by a machine termed a Mi!.likq Machinb, provided 
with a traversing table far holding the work. This 
table can move vertically as well as horizontally, 
and can also rotate about a vertical axis, so that 
any part of the work can be Vut>ught under the cutter 
as required. (2) The production of indentations or 
corrugations round the edge of a screw head, etc. 
See Milled Head. 

- (Woollen and Worsted Mamifae.) See 

Felting. 

Milling Vaohtne (Eng.) See Milling. 

VUling Tool or Wheel (Eng.) A small steel 
wheel with corrugations on its edge which are the 
counterpart of those required to produced on a 
milled head (q.r.) The steel wheel runs loosely on 
its axle, which is supported by a suitable handle, Iqr 
which it is pressed against the blank as th« latter 
revolves in the lathe. 

Villon’s Boagent {Chem.) Mercu^ is treated 
with its own weight of 63 per cent, nitric acid first in 
the cold and then with gentle warming tiU solution 
occurs: to the solution twice its volume of water is 
added, and it is allowed to stand till the precipitate 
subsides. The clear liquid is MiUon’s reagent. Xt 
^ves a white precipitate with proteids, which turns 
brick red on bailing. Phenol and many of its d^va- 
tives give Millon’s reaction. 
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mu nie duuiitel in which wster is led to 

» mill wheel. 

mu l«UDi {Paper Man^feus.) Reame of hand 
nsdfl paper oooBisting of 472 aheets. 

HUl BliMt MUl Kind, or Fw de MolljBe {Her.) 
The iron which itt fixed to the centre of a millstone. 
Used in conventional forms as a charge. 

MUl BoUi {Pftg.) The steel rollers used in the 
manufacture of l>ar iron. 

■ImM {Aetnm.) The innermost satellite of 
Saturn. 

llinieteM {Min.) An arseniate and chloride of 
lea«l, !i(l‘b^Kp,). PbClL Hexagonal, occurring in 
jellow or brown erj stale resemiding Pyromorphite. 
Also called Miurtihite and (Iveen T.ead Ubb. 
From Cornwall, the I'aldbeck Falls in Cumberland, 
Saxony, Bohemia, etc. 

minetfadte( Jfifn.) A synonym for MimetbsbCj.v.) 

Miaend. The term mineral as used by com¬ 
mercial men signifies any native substance which is 
mined or qoarried. In this sense freestone, firccla]i, 
brick oartli, oilsiiale, coal scums, and many other 
substances count as minerals. Amongst men of 
science the meaning attache*! to the word is much 
more restricted. They understand a Minhkal 
K rBClBHto be an inorganic native compound‘whose 
chemical and physical projwrties vary so little in a 
large number of examples that these characters can 
be expressed in a short and deiiutte description, 
by means of wliich any other specimens of that 
substance can bo easily identified. 

Mineral Aclde iChem.) A name used to denote 
the o<)mm<tner inorganic acids. The xtrong mineral 
achis aie hy<lrochlonc, nitric, and sulphuric. 

Mineral Chameleon (f'hxiH.) A name given by 
Behiele to potassium mangunato (ter Manuaxesb 
C’OMPOUKDS) because of the senes of Citlours it gives 
on treatment witii water—green, blue, violet, rose. 

Mineral Dyes. See Dybs akh Dybikq. 

Mineralogy. The systematic or scientific study of 
IdlKEKAlA (i/.r.) It includes the determination of 
their chemical con.stitution, their physical charac¬ 
teristics, moiies of forinaticm, the ineasiircnicnt, 
description, and classification of their crystalline 
forms, investigation of their modes of occiurence 
and localities, and 1 heir economic \ aluas. The science 
thus possesses many points of contact with the 
sciences of Geology, Petrology, M«‘tallnrgy, and 
Mining, and may bo consideied to include the sub¬ 
sidiary science of Crystallogiaphy, See alto HysTltMa 
OP t’BVBTALS 

Mineral OUe. The Paraffin class of hydro¬ 
carbons. See I’ABAFFIN^. 

Mineral Yelni {ffeol.) Fissures in the Earth’s 
crust which have l^cu fillerl with mineral substances 
of a nature different from that of ^tlie rock in which 
they are enclosed. These substances may be Quartz, 
Oalcite, Dolomite, Barites, Fluorspar, or, le.ss fre¬ 
quently, any one or more of a few other substances. 
In nearly all cases mineral veins have been filled by 
the agency of water, S/o Mbtalufbhoub Veins, ’ 

Mineral Waten {(^m.) See Watbb. 

Mineral Wax (Chem.) Ozokerite iq.v.) 

Mlaer’a Dial (Svrveging), An instnimcnt used 
for determining the direction of lines. It consists 
essentially of a magnetic needle pivoted at the centre 


of a horizontal circle giadnated into BMP, and pro¬ 
vided with sights tiirough which to observe Btauona 
on the line. 

Minerva MaeUne. See Ttpoorapht. 

Mine Tin {Met.) Tin ore extracted from a vein 
by mining instead of being obtained from allnvial ' 
deposits. (If. Stbbah Tin. 

Miniatnre {Paint.) A portrait of very small 
dimensions generally executed in wateioolcrtrs on 
ivory, vellum, or similar substance. The term was 
originally applied to the small watercolour drawings 
tliat adorned ancieut manuscripts, and which were 
painted with Minium, or red lead. 

Minim {Mutie). See Notes. 

Minlm i m Deviation {Phgt.) The smallest angle 
through which a ray can be bent or deviated from Its 
origii^ path when acted on by a refracting system, 
such as a prism, etc. In the case of a prism, the 
minimum deviation occurs whem the path of the 
lefracted lay within the prism makes the same angle 
with the two sides of the prism. 

Mlnimnm, Minima (Math.) See MAXIMA AND 
Minima. 

Minimum niermometer {Heat). See Maximum 

AND Minimum Thbkmometekb. 

Mining. The term mining includes those processes 
by wlm-ti the use! ul and precious miuerals are explored, 
extracted, and dressed. It includes- (1) The search 
for the uregular veins or deposits «if gold and other 
metals, and the comparatively regular scams of coal 
f>r ironstone; (2) the operations by which these 
minerals are “ won ”; (3) the arrangements adopted 
foi thdr utmost itilisation. Two classes of minerals 
uu> worked—the metallic and the non-metallic. The 
most important examples of the former class axe 
iion, gold, silver, copper, lead, tin, zinc, manganese, 
aiiii aiscnic; of the latter, coal, slate, gypsum, chalk, 
liiiicsioue, iiitca, salt, cbiys, and precious stones. The 
metallic minerals usually occui in locks that have 
undercoue mote or less mctamorpliism or change, 
while the non-metallic aie gi nerally found in beds or 
stratified deposits. In searching for the former 
minerals, tl>en*forc. regions must be chosen where the 
grefitest disturbances and nph**avals have occurred, 
accompanied by great contoitions of the rocks, 
eiuptiuDs of volcanic matter, and the formation of 
faults. Owing to the violent disturbances, the strata 
have been changed or metamorphosed and crystal- 
Usi-d by heat. Metallic ore bodies are to be found 
here and in the fissures and other openings in the 
eai til’s crust. In most oases the vein-filling of metal 
U‘!)ring deposits has been accomplished by water, 
consequently porous rock formations are more likely 
to contain metallic ores than hard impervious strata. 
Verv' often ore deposits are to be found at the junction 
of two different rock formations. Bedd«‘d minerals, 
such as coal, stratified ironstone, fireclay, etc., occur 
in distinct layers. A Bed or Bham is a member of 
a series of stratified rocks. As the different non- 
metallic minerals are generally found in certain 
formations, and as they generally occupy one well 
defined position, the search for them is rendered 
comparatively simple. But all deposits are subject 
to iircgiilantios. The-se may be due to their original 
m<Kle of formation or to subsequent distnrbwces 
forming faults, Iie.'ivc'., throw.*., washouts, etc, {g.v.) 

In determining the position of veins, ore deposits, 
and seams it is gencr^ly nrnessaiy to make use of all * 
the geological data available, to bore trial holoi 
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through the various measures, or to drive tunnels or 
levels imdeiground. The mode of occurrence of the 
various minerals greatly influences the method of 
wiiming them. Metals being found in veins, alluvial 
deposits, fragmental deposits or placers (_q.r.) are 
worked in a different manner from seams of coal or 
masses of slate. The method adopted in any par¬ 
ticular case must be the one most suited to tliat i 
deposit, the object always being to extract as muid) | 
mineral as possible from a given space at a minimum 
of cost. The various ojKjrations by which the minerals I 
are extracted may be thus enumerated; (1) Opening ■. 
the mine, (2) methods of working, (3) timbering, (4) 
tools and appliances, (5) haulage, (6) transmission of 
power, (7) machine mining, (8) winding, (9) draining, 
(10) ventilation and lighting. (1) OPENiifCr THK 
Mike *, A mine may be opened either by shafts or 
levels, and the location of the surface plant and mine 
opening will depend primarily on the nature and 
extent of the deposit, and secondarily on the facili¬ 
ties for obtaining water and for transporting the 
product to the market. If the shaft or tunnel is to 
be (termanent it must be of a predetermined capa¬ 
city. This will depend chiefly upon the output | 
required ; and this again will be determined by the | 
thickness and extent of the dcjwsit and the efficiency i 
of the proposed hoisting and banking arrangements. : 
Shafts are made circular, rectangular, or elliptical, ; 
according to the nature of the strata and the amount ; 
of timber or bricks available. They varj-in size from ! 
10 or 12 ft. to 20 or 24 ft. in diameter. Tunnels 
are driven where the mineral is near the outcrop, and ! 
these may be either in a level direction or incliiicfl i 
up or down, according to the inclination of the i 
deposit or seam. They are generally rectangular in 
shape, though sometimes they arc formed with i 
straight .sides and a semicircular arch above, lined ; 
with timber or brickwork. Tljt mode of operation ; 
in sinking a shaft depends upon the character of the i 
strata passed tfarougli and the quantity of water | 
encountered. Ordinarily, sinking may be said to ; 
consist in boring holes for blasting, filling, .sending ( 
up and banking the debris, and .supporting or walling ; 
the sides. The holes are borerl either by hand drill.s. I 
hand machine drills, or power drills, the latter having . 
been intnxiuced during recent years for this work 
with good result.s. Explosives are then u-sed for i 
dislocating the lock, after which the debris is filled i 
Into boppets and sent to the surface. If water is i 
met with in large quantities it is necessaiy cither to 
spend many hours per day in winding it ( i.e. raising 1 
it by winding gear) or to erect adequate itumjjing ; 
machinery. Tunnel-s and drifts, though drixen more ^ 
or less horizontally, are exc.ivated in a similar manner. 

Tn sinking or tunnelling througli quicksand or other 
water bearing strata, special metlwxls are adopted. ; 
(2) Methods of Workino : These may Vie divided ! 
into Ofen WoxiK and Closed Work. The formei ' 
includes the working of all deposits having no over- I 
bearing strata or those in w’hich the overlying j 
material is removed by hand or machinery from the I 
deposit. Tims all quarries and fragmental deposits i 
or placers are open work. There are many advantages j 
of such a system of w'orking; underground road wavs I 
have not to be kept open and in goi>d repair; there is j 
less danger from accidents due to falls of ground, 
blasting, or accumulations of gas; the men work 
under healthier condition.s and are enabled to select 
and extract the ore more easily. Open work may be 
divided into two general clas.se.s: (a) Wherf) the 
greater portion of the deposit is valuable and has to 
be removed, (.J) where the valuable portion is only a 


small part of the whole deposit. In the first case, 
as in quarrying and in ordinary mines, the materM 
is removed by hoists, cableways, or tunnels; oik 
again, the deposit may be stripped and tunnelr 
driven through the material from valleys or adjacent 
shafts: t^is is known as the Milliko Systek. 
Placers may be worked by means of a stream of 
water from a nozzle directed against the deposit. 
When the material has been loosened it is directed 
so as to flow tiirough slnices to the dre.s8ing tables. 
This is known as Hydraulic Miniso, Placer 
dcposit.s may also Ic worked by muchauical means. 
If a metal-lwaring deposit lies below water level, 
the material is rai.sed by means of a dredge. CLOSim 
Work includes numerous methods of both coal 
and metal mining. In the case of regular bedded 
deposits, siic.h as coal, fireclay, and ironstone, 
elaborate systems can be adopted which are im¬ 
possible in irregular deposits interrupted by faults, 
etc. In the ease of a vein the shaft is sunk on the 
course of the lode, and so as to intersect it at a depth 
of 5(X) or fiOO ft. From the shaft, at intervals of 
30, 40, or 50 jards, crosscuts are driven to the lode, 
and from the jciut of iutcrsectiou levels are driven 
parallel with it. The -material is then got out by 
means of Underhakd or OvERHAKD Rtopino: 
underhand stojes are working.* arrangi'd like steps, 
the miner filling the ctre from the floor into boxes, 
workii^ gradually down in a series of tcrracos. In 
overhand stopiug the ore is broken down from aliove 
as the working progressv's. Wider lodes an<l certain 
beds are worked by modifications of these systems. 
In working coal .scams, main romls or levels are 
driven in different <Urections, and after leaving a 
solid piilai of coal to protect the shaft of .'jo to 
151) yard-s in diameter, the workings are opened either 
on tiie Pillar and Stall or the Lonuvvall .system. 
In the former metliovl the estate to be gotten is 
divided or cut into a scries of separate blocks, 
panels, or pillars by pairs of narrow tramroads, after 
which the i)illars are grjt out one by one, generally 
.starting fn>m the boundaries of tl>c estate; this 
system is cabled Ntraitwork. Py longwoll is 
rueant the method of taking out the whole of the 
ccKil in one long wall .-)■ face without first driving 
narrow roads, the access to and frtiro the face being 
by means of roads coiistrue,ted through the waste or 
goaf, and formed of the dirt or shale obtained in 
excavating th.e mineral; this is known as WlDE- 
WORK. In thin, thick, or highly inclined .seams 
modifications of one or the other of the.se systems 
are auopted. (:5) Timbering : 'llie sui)porting of 
the roadways and vvorking.s of a mine is a veiy 
important con.sideration. The chief timbers used 
are tho-se c.iHcd soft woods, .such as fir, pine, and 
larch, whose chief characterustics are stmightness, 
rcgularitj*, and ligb(ne.>.s. For bars and otlmr sup¬ 
ports requiring six-cial strength a few hard woo^ 
are u.sed, such as oak and beech. Many arrange¬ 
ments of props, bars, siirags, cln)cks, etc., as the 
various mining timl)ers are called, are adopted 
according to the nature of the roof, floor, and 
sides, and the height of the excavations. In metal¬ 
liferous mining it is usual to joint sets of limber 
togetlier so as to completely support all sidt s; in 
coal mining the roof only may need support, although 
it is invariably the custom to timber the sivles of 
roadways as well as the roof. For some purposes 
brickwork, masonry, ami concrete are employed, 
while iron and stool props and liars are now coming 
into u.se. (4) TooJ.s AND AppliaNCKS : As the 
strata in which the miner works is generally of a 
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j very bard nature, it is neoessaij that all his tools 
>' should be of good quality, and especially those 
^1 b which daily become worn and need continnal 
^^arpening. The most common tools are picks, 
shovels, hammers, wedges, and drills. The ap¬ 
pliances include apparatus for charging and firing 
shot holes, and instruments for setting and drawing 
props. (5) HAtTiiAOE: The haulage ^ the mineral 
from the workings to the shaft is done to a great 
extent by cither men and horses or by machinery and 
ropes and cliaius. The roads along which the tubs 
or corves are drawn are called Engikb I’lanbs or 
Haulage Boaos. Hopes or chains cannot lie em¬ 
ployed along all underground ways, consequently it 
IS necessary for the miner to haul the coal along the 
faces and drawing roads. The tubs run on bridge 
or flange rails laid on wooden sleepers, points and 
shunts being fixed where necessary, and pulleys 
arranged overhead, in the case of engine plane.s, to 
direct the rope. (6) Tkansmission of 1'owbe ; For 
the purposes of hauling, coal cutting, and pumping it 
is necessary to transmit power from the snrmce to 
the workings. Engines or motors driven by .steam, 
compressed air, or electricity are used. As steam is 
often a serious danger underground, the two latter 
sources of power are substituted. The former is the 
safest means, and is a common motive {x>wer in the 
oliief metalliferous fields and in many coal mines. 
During recent years the extcnsi</n of electric power 
to mining work lia.s been remarkable, and it is now 
used in many oases for every cla.ss of work both 
above and below ground. (7) JlACjtiNE Miking ; 
Machines have superseded liand lal)our in many 
dejartmenta. Power machine drills are u.sed for 
drilling lioles in shafts, tunnels, and at the wf>rking 
face; Heading and Kiieabinu machines are uswl 
to cut the .sides of roadways, and various forms of 
mechanical cutters are in use for undercutting coal, 
(g) Winding ; The hoi.sling of the mineral from the 
workings to the surface is earned on in both inclined 
and vertical shafts by means of several appliances, 
the essential parts being a Winding En<;ine, 
which actuates a drum carrying a toijc, the latter 
being alternately coiled and uncoiled from tlte drum. 
If the shaft is a deep one other appliances are in¬ 
stalled, by mean-s of which tiie load may be balanced 
at all parts of its journey, thus reducing the strain 
on the wnding engine. Guides of wood or iron, or 
wire rop>es, are used to keep the cages .steady in their 
transit, and safety keps or catches are fixed at top 
and bottom to prevent the cages accidentally falling 
down the shaft. (9) Db.\iking : Directly the miner 
gets below the suiface of tlio ground he is liaVde to 
be impeded by water, which mny constantly increase 
in amount as the sinking or workings get deeper. If 
the quantity of water is not large, it may be got out 
by winding or by means of water levels and drainage 
tunnels. These latter are very useful in hilly dis¬ 
tricts. When pumps arc nseil, two general systems 
are employed: (a) the pump may be placed under¬ 
ground and operated by an engine on the surface, 
power being transmitted by rods; or (5) both engine 
and pump may be placed underground, the former 
being driven by steam, compressed air, liydraulic, 
or electric motor. The types usually employed are 
Cornit^ pumps, lift or force pumps, pulsometcrs, 
centril^ul pumps. (10) Ventilation and Light- 
IKG : The successful ventilation ot a mine may be 
briefly described as keeping tlm atmosphere of the 
mine in as healthy and pure a condition as j)Ossil>le 
without luelosB expenditure. To aocomplisli this is 
one of the most important duties of the mining 


engineer. As the natural ventilation of the mine ie 
rarely sufficient, a enrrent may be produced eithei' 
by a.fuinaoe or fan. Both ajcrangements depend ita 
their success on the establishment of a difieienoe in 
pressure of the air in the intake and return ounents. 
In the former case this is achieved by h^t, just as a 
draught is caused in a room by a fire ; in the latter 
case a depression is obtained by means of the fan’s 
action, the air flowing in all cases from the point of 
greater pressure to the point of depression. Under¬ 
ground the air is conducted by means of air doors, 
screens, air pipes, crossings, stoppings, etc., to the 
utmost limits of tbo mine, thus supplying &esh air 
to the workman and carrying off the noxious gases 
produced by the firing of shots, the breathing of 
men and horses, or escaping from tjie strata. Mines 
are lighted by safety lamps, candles, torches, or 
electricity. In fiery mines, safety lamps only can be 
used. In safe mines, and during the sinkii^ of shafts 
or tunnels, candles are most common. Electricity 
is used in the neighbourhood of the shaft bottom, 
but BO far ha.s been found unsuitable for use in the 
workings. After the ore leaves the mine it mast be 
Dbessed before it is ready for use* For this purpose 
every mine has its own more or less extensive and 
elaborate arrangements for dealing with the raw 
material. It is put through various processes, 
ini'] tiding crusitiug, stamping, screening, sisung, 
c.las.sifying, washing, and concentrating, after which 
it is loaded into wagons or barges and sent to the 
market. Obe Dbessing and Fbbpabation of 
Coal : The object of crushing ore or coal is to free 
the valuable constituents from the gangue or other 
worthless constituents, so that they may be after¬ 
wards separated, or crushing may be done in order 
to reduce tlie size of the individual pieces. The 
various types machines for crashing are jaw 
critshers, gj’ratory crushers, cracking or disin¬ 
tegrating rolls, roller mills, stamps, and hammers, 
all of which are designed to reduce the raw material 
to n convenient size for the subsequent processes. 
After crushing, the material passes to the screening 
and sizing machines, where the various sizes are 
sejjarfiteii from each other. Classipiebs and Con- 
centbatobs are machines for thoroughly separating 
the ore from the gangue or for taking out the dirt 
from the coal. In both cases the principle employed 
in lining tliis is tlic same, riz. making use of the 
varying specific gravities of different minerals. The 
material is washed by water into special Jigs or 
troughs, and while the water is in motion the heavier 
particles fall to the bottom, the lighter ones arranging 
themselves in layers according to their density. It 
is owing to the introduction of greatly improved 
dressing macliines tliat many deposits of ore and 
seams of coal are now lieing worked which formerly 
were considered of little value, tecause of the small 
proportion of valuable products contained in them 
in the one case, or the large quantities of dirt and 
inferior coal intermixed in the other.—J. T. 

Minion (^Typog.) Type between brevier and 
emerald in size, Type. 

Minium {('hem.) A common name for red lead. 
See Lead Compounds. 

- {Mm.) A compound of lead and oxygen 

now regarded as a lead plumbate, 2T'bO.PbO,^; of 
the .same composition as Red Lead (g.p.) It is a 
rani mineral, occurring as a pulverulent decomposi¬ 
tion product of other lead ores. It has been' 
sparingly found at many localities where Galena or 
(/'erussite occurs. 
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■IbIvmf* a white fur obtained from the Siberian 
eqnirrel, oaed on peers' robes. 

MlanIMn {J'ypog.) The smallest size of type made. 

Minor (Mtaie). Lesser. See Major. 

Minor JLzto. The shorter diameter of certain 
figures, e.ff. of the Ellipse. 

Minore (Mveie). Minor; used sometimes when a 
piece goes from the major key to that of the tonic 
minor. Cy. Magoiobb. 

Miner Planets (^Aetron.} A multitude of small 
planets which revolve round the sun between the 
planets Mars and Jupiter. 

Wnor Tone (Simnd.) The ratio of the two notes 
of frequencies 10 and 9, i.e. the interval V. 

Minotto Cell A modification of the 

Dakibll Cell {nee Cells, Feimary), having a fiat 
copper plate lying at the bottom of a jar, covered 
by a mass of sawdust. The zinc pliite rests on the 
latter, and the porous pot is dispensed with. 

Minater. Originally the name for a monastery; 
subsequently the name signified the church attached 
to a monastery, and more recently a cathedral 
church, e.tf. York Minster. 

Minute. See Weight,s and Measubbs. 

- {Architect.') See Modclk. 

MirabUite (Min.) Native Glauber Salt, hydrous 
sodium sulphate, Na^SO,. lOH./*. So<la = 19*3, sul¬ 
phuric acid = 24'K, water = hied per cent. Mono- 
symmetric ; also as a white ctlifu-escence. It loses 
its water on exjrasure to air and becomes opaque. 
From Kirkby There in Westmorland, Uallstadt in 
Austria, Bohemia, etc. 

Mirage {Meteorol.) An apx)earance suggesting 
water, seen in hot countries, and due to total internal 
reflection from a layer of hot and rarefied air lying 
next to the heated ground. 

Mlrbane, Essence of {Cttem.) A common name 
for nittolienzone {q.r.) It is used as a cheap 
flavouring agent in confectionery, etc.; it has a 
sweet almond-like smell: it is poisonou.s. 

Mtm>F {Phyn.) An object having a polished 
surface of regular form; the princifml fomi.s are 
plane, concave, and convex. The latter arc commonly 
portions of spheres; but for certain purposes mirrors 
are made Parabolic in form. e.g, when required for 
use iu reflecting telescopes. 

Mirror Galvanometer {Elect.) See Galvano- 

VETEUS. 

Mlzerecorde {Arms). A slender dagger, generally 
three sided, intended to enter the joint.s of armour to 

f ive the coup de grace to a fallen antagonist. Worn 
y knights and others on the right hip. 

Miserere {Architect.) A hingwl bracket on the 
underside of a stall scat in a church, on w'hich, when 
the seat was turned back, an ecclesiastic could rest 
w^hottt actually sitting down. 

MiBpiekel {Mia.) Sulpbarsenide of iron, FeAsK. 
Iron = 34‘3, arsenic = 46’0, sulpuur = 19*7 per cent. 
Orthorhombic; also, and more often, ma.s.sive. Tin- 
white to steel grey; sometimes contains cobalt 
or nickel. In association with other metalliferoub 
ores in Cornwall, Devonshire, Cumberland, Kaxony, 
Bohemia, the United States, etc. 

MOual. The name applied to a manuscript or 
Planted book containing tlie ofSce or prayers of the 


Mass used in the Eomim Catholic Church. They Are 
often designed after the style of medieval 
manuscripts. 

Mist {Xeteorcl.) See FOQ. 

Mistral {Meteorol.) Ti^e cold N.W. winds of 
Meditenanean France, generally occurring, in the 
winter. 

Miter {Carp., etc.) An altematiTe spelling of 
Mitre {q.v.) , ^ 

Mitls Castings {Eng.) Casting made by fusing 
wrought iron with a trace of alamiuiom, and'i^ouring 
into a mould of special construction.. Objects pro¬ 
duced this way have practically all the properties of 
forgings, and tho process vriU probably become 
increasingly common. . 

Mitre {Cost.) A ceremonial headdress, pointed 
and cleft at the top, worn by prelates and sometimes 
by abbots. Originally the mitre was a plain head 
band or bonnet, with two lappets at the side. It 
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assumed the prc.scnt form in the fifteenth century. 
The mitre of the i’.i.shop of Durham rises from o 
ducifi -coronet; the mitre of a Bishop rises from a 
circlet. 

- {Her.) An ecclesiastical cap denoting rank 

and dignity. It is sometimes used as a charge, but 
where it appears as a bailgo of office it replaces the 
rre.<t ordinarily feund above tlie arms, and the hel¬ 
met is discarded. On the arms of Berkeley, fourteenth 
century, this crest is seen wit h helmet and mantling. 

Mitre Arch {Bvild.) An arch consisting of- two 
stones in tbi^ form of 't gable. It is not, strictly 
speaking, an arch. 

Mitre Board or Shoot {Carp., etc.) A board pro¬ 
vided with a guide or fence set at a suitable angle 
for planing the end of a piece of wood which is to 
form part of a mitre joint. 'Jlie mitre board is used 
when the joint has not been cut with sufficient 
accuracy by tne use of the saw and mitre box {q.v.) 

Mitre Box C f '<crp., etc.) A device for guiding a 
tenon saw in order to cut off tlie end of a piece of 
wood at an angle ^usually 45°) in making a mitre 
joint. 

Hi^ Clamp {Carp., etc.) A device for holding 
the members of a mitre joint in position while being 
glued uj) or (itlicrwise fa.stened. 

Mitred Clamp {Carp, and Join.) A piece of wood 
forming a border at right angles to the grain of a 
boaid and mitred at the ends. 

Mitre Joint. A joint between two pieces of 
material which meet at an angle, the two pieces 
being so cut that there is a plane surface of contact 
bisecting the angle. In the commonest cases the 
Joint is right angled, and the surface of contact is 
formed by catting off the end of each piece at an 
angle of 45°. 
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imfSbOOtiduy., ete.) See ItiiSB Boabo. 

Mltoe SqnAM iOairp-> eto.) A 8t«el tdade set in a 
stock at an angle of 46° for testing the accuracy of 
mitre joints, $. 

HUm Wkaal (i^-) A beTel wheel whose teeth 
are at an angle of 46° with the axis. 

Mltriaf {Bind.) Finishing or ornamenting the 
rover pf a brok with straight lines which meet each 
other without overrunning. 

Wzing (Cotton Mmvfae.) A system of combining 
cotton fibres possessing similar cliaracteristica with 
the object of (a) reducing the cost of spun thread, 
(ft) altering the shade or colour of thread, (c) im¬ 
proving the spinning and quality of a lower grade of 
cotton. 

Mixing Chamber (Eng.) The space in gas and 
petrol engines in which the explosive gas is mixed 
with air; sometimes this occurs in the cylinder 
itself. 

Mixing Jet oc Mixed Oas Jet See Oxthydboubn 
FliAMB. 


Mixelydian (Mwtir), See Modks. 

Mixture ( Chem.) Two, or more, sub.stances, asso¬ 
ciated together, but not combined. Cf. Compound. 

Mixture (Mu*ic.) An organ .stop which controls 
several ranks of comparatively small pipes to each 
key. llie most frequently found, mixture is that of 
three ranks, consisting generally (though other com¬ 
binations will sometime,-, be found) of the 17th, 19th, 
and 22nd of the 8 ft. tone. With this combiruition 
the result, when 



Is played with the 
mixture stop only 
drawn, will be 



As the scale ascends, the higher ranks are discon¬ 
tinued gradually, and rank.s of lower tone substituted. 
This is called a “ break.” Any number of ranks from 
throe to five may he found in the mixture. This 
stop is found nndci' severa,! names, e.g. Kosquialtera, 
Cornet, Furniture, etc., and adds great brightness to 
the full organ. 

- (Tewtile Mamfac.) See Blending. 

_ (Typog.) When three or more types are 

used in the composition of a work, it is known by 
the above term, and involves extr-a charges^. 

mm, A common contraction for Milltmktbe. 
See Weights and Mbasubes. 

MJItF. (Elect.) A contraction for MAGNETO¬ 
MOTIVE Fobce (g.r.) 

Moohx Btone (Min.) A synonym for Moss 
Agate (^.r.) 

Moek or Wild Lead (Mining). A Cornish term 
for Blende (q.v.) 

Moek Moom or Paraaelense (Meteorol.) See 
Halos. 

Mook Suns or Parhelia (Meteornl.) S-e Halos. 

Medal (Art). (1) A standard jattern or object 
which is to to reproduced. (2) A copy in miniature, 
of an object. (3) A pattern on a small scale of 
eometbing to be reproduced on a larger scale. (4) A 


person from whom an artist studiro proporidoBS, 
details, etc.,».«. otie who sits or pbs^ to lui artist. 

Modeller (Pet.) An artist or orattstnan 
forms in clay or wax the original model from whloh 
Plaster of Paris moulds are subsequently made. 

Modellii^ (Sculp.) Constructing with some plastio 
material, sty. clay or wax, a model which is to be 
reproduced in a more durable substance, snob as 
marble, wood, etc. 

Moderate (Mueio). (1) At a moderate, pace. 
(2) M(KieTately, e.g. Allegro moderato, moderately' 
cheerful. 

Modern Face (Typoi/.) A book fount of modem 
character and style. ' It differs from Old Pace or 
Antique in several respects, e.g. in the type being 
(a) not so round, (ft) the serif being more accentuated, 
(c) the figures ranging both at the top and bottom. 

Modes (Music.) (1) The eoclesiastioal modes 
consist of fourteen scales, arranged in two classes. 
Authentic and I’lagal. Of these fourteen, two, xi, 
and xii., are theoretical only, and not praotic^ xi. (the 
Authentic) not having a |>erfect fifth between the first 
and fifth notes and a penect fourth between the fifili 
and eightli nr>tt‘s, and xii. (the Plagal) not having a 
perfect fourth bet ween tlie first and fourth notes and a 
[(orfect fifth between the fourth and eighth notes, 
which will be found to be the case in tjie other twelve 
modes according as they are Authentic or Pla^l. 
Each Plagal mode is derived from the Authentic, and 
bears the same name with the prefix Hypo-; it also 
has the same Final. The Final is the last note of 
the melody or Oanto Fermo. Dr. C. W. Pearce, in 
his Composers' Counterpoint gives the following 
rule for discovering the mode in which am old 
melody is written: “ If there is no key signature, 
we may as.san]e that the melody is untransposed, 
and that the last note is the Final. Next, let us 
examine the range of the melody, and discover 
if the Final is approximately the lowest note u.sed; 
should this be so, the Mode will to Authentic, 
and its number can be easily ascertained from 
the Final. But if, on the other hand, the Final 
occu{)ies an approximately central position in the 
melodic range, the Mode will bo Plagal. If the 
melody has a key signature, this is a sign that it 
has undergone transposition; in this case it will be 
necessary to restore the original pitch by bringing 
the melc^y into a range which requires no key signa¬ 
ture; tiien the Final and its position in the range 
will determine the Mode as tofore.” 

Table of the Modes. 

The Final is shown by a semibreve, and the 
Dominant by a minim. The semitones, of ceurse, 
always fall between E and F, and between B and C. 

Authentic. 

POBlANi* 



Plagal. 

JX. Hvpo-Ooaua. 
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PaMYOlAK, 



The late Sev. Thomas Helmore, in his ‘'Primer 
of Plain Song,” calls the 11th and 12tb Modes respeo* 
tively the Miro-IiOchrian and Hypo-Mixo-Loohrian. 
He also ^ves the foUo-ering table of the Mode Fin^ 
and Dominants : 


UTPo-PBaToiAa. 


Lydun. 



No. of Mode .. 

1 

2 S 

4 t 

i 

6 

7 

« 

9 

10 IS 


— 

— 1— 

— 

— 

— 

— 

— 

— 

— 

Pinal 

D 

D 1 B 

E 

F 

F 

6 

& 

A 

A C 


— 

— — 

— 

— 

— 

_ 


— 

— —. 

Dominant 

a 

f c 

1 

a > 

( 

c 

a 

d 

0 

e 

c g 

j 


Hy 1 ‘ 0 -LyDIA>!. 



MIXO-TjVUIA.S. 



H Y po-M I X.O-L Yin A \, 



^.ni.iAN 


The odd numbers are the Authentic, as pointed 
out above, and in each of these it ivill be seen 
that the Dominant is the fifth note of the mode, and 
in the even numbers (Plagai) the Dominant is a third 
below I ho corresponding Authentic, with this excep¬ 
tion : B is never used for a Dominant, O being sub¬ 
stituted on every occasion whether Authentic or 
riagal. Modes xiiL and xiv. are often spoken of as 
xL and xii., owing to the theoretical modes never 
being used. Tradition says that St. Ambrose author¬ 
ised the first four Authentic mode-s, and that later 
St. Gregory the Great added tlie comrsponding four 
Plagai in the sixtli century, the remaining modes 
being added later about the end of the eighth or 
beginning of tlie ninth century under the auspices 
of the Emperor Citarlemague. The limited compass 
of these modes enables the mush; to be written on 

four line staves with the - p- (C) and (F) clefs 

moved to different lines according to the range of 

1 the mode, t.g. 

j I, Dobia.n. 



XI. (Not tx Use.) 


Locbkiam 



[Thbobetical Finaj. B, Dominant G.] 
XII. (Not in Use.) irvn>-i.oriinxAs. 



[Thbobetical Final B, Dominant E.] 

Ionian. 

„ xni 



ABCD EFGA 


It will be seen that the modern major scale of C 
is identical with the Ionian MimIc (xiii.) (2) The 
manner of arranging the notes of a scale is called a 
Mode ; hence we have the Major MimIc and the Minor 
Mode, acconling to the ari-anging of the semitone in 
the low er tutracliord of the scale 

Modillioa iArt/nirct.') A ]iTojecting bracket in 
the form of a scroll used at intervals under the 
corona of the i 
Roman Corin- } 
thian cornic^. 

toaVxmt t^ce MonmuoN. ; 

the width of A. .. -A 

themixlillions. See Ancones; Console; Abchi- 


tlvro-losiA?). 



themixlillions. See Ancones; Console; Abchi- 

TECTUBE, OBDISBS OP; C’AKTOUCH. 

Modulation iMuttie). The act of passing from 
one kev to another. Homo writers call a temporary 
mixlnlalion a " transition.” 

Modulator (ATtuuc)- chart used in teaching 
music by the Tonic Bol-ta System (^.e.) 
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MOL 


A nait of aaeasurement nsod in classical 
aicbifcectnre. It is equal to half the diameter of the 
sha^ immediately above the cong6 at the base, or, in 
the ease of the Greek Doric Order, half the diameter 
of the shaft where it rests on the stylobate. The 
thirty divisions into which the module is divided are 
known as Pabts or DifEerent values 

have, however, been given to the module, and it has 
not always been divided into thirty parts. The lower 
diameter-of the shaft is sometimes taken as a unit; 
and in tiiis case the module is divided into sixty 
minutelie^ 

Hodnlna {Phyi., Eng.) A coefficient expressing 
some physicsd constant of a given material; e.g, the 
Modulus of Elasticity is the Coefficient of Elasticity. 
See EtASTiciTJr. 

Hodalua of Elasticity. See Elasticity. 

Modnlus of RetiUenoe (.Eng.) See Hbsiliexce. 

Mohair. A textile material made of tlie hair of 
the Angora gr>at. 

Mohair Lustre {Textile Manvfae.') Dress fabrics, 
plain woven, consisting of cotton w.Qrp and mohair 
weft. 

Moird Antique {SWk Manufar.) A watered effect 
given to tlie surl'ace of plain, ribbed, or corded silk 
fabric by carefully folding the material up the 
centre and then subjecting it to great pressure 
between heated cylinders. 

Molasses. See Cake bt^oAs. 

Molecular Conductivity {Chem.) See Bolutioks. 

- {Elect.) A constmit by which the number 

of gram molecules {g.c.) of .m electrolyte in a 
litre of solution must be multiplierl in order to 
give the specific conductivity (q.v.) of the solution. 
Lf;t c be the number of gr.arn moleeules, K the 
si'ecifie coiulnotivity, m the molecular conductivity ; 
then K = me. 

Molecular Covoliune {('hem.) See Molficulab 
Boli’tiok Volume. 

Molecular Formula {('hem.) A formula which 
merely .stands for one molecule of any substance, 
liius H,0 is the molecular formula for water. 

Molecular Magnet {Elect.) A uniformly mag¬ 
netised body may be conceived as being cai)able of 
being broken up into a great number of small magnets, 
each having the same intensity of magnetisation. If 
the process of subdivision be carried to its ultimate 
extent, we obtain a series of magnetised molecules. 
Theory assumes tliat these molecules possess jtcr- 
manent magnetism. When a bjir of iron is unmag- 
nctised, the molecules lie with their magnetic axes 
in all directions; but when magnetised, a certain 
number of the molecules turn in such a manner that 
their magnetic axes are parallel, and their north 
poles point in one direction. If only a small number 
of the molecules arc arranged in this manner, tlic 
bar is feebly magnetised; but if a great number, then 
the bar is strongly magnetised. When the number 
reaches a maximum, the bar is magnetised as strongly 
as possible, or is Satubated. See Satubation. If 
tbe magnetising force be withdrawn, some of the 
molecules do not retain their regular arrangement, 
amd the bar loses some of its magnetism. In tbe case 
of very soft iron nearly the whole may be lost, while 


in tbe case of very hard steel nearly the whole mag¬ 
netism may be retained. It is to be notioed that 
this theory is independent of any explanation (kC tlio 
cause of the magnetic properties of the individn^ 
molecules. 


Molecular Magnetic Rotation. All liquids when 
placed between the poles of a powerful ^ectro 
magnet have tbe power of rotating a ray of polarised 
light. The rotations of the substance and of water 
are observed in equal tubes, and the densities of the 
substance and of. water are accurately determined. 
The molecular magnetic rotation is then given by 
the formula 

r * iW ^r' X M' 

'~d~ ‘ ■ 

where r and r' are the observed rotations of the 
substance and water respectively, M and M' their 
molecular weights, and d and d' their densities. 
The constants so determined appear to be of great 
value; but irregular results are observed with the 
initial members of homologous series, probably owing 
to molecular association. The method of applying 
the constants i.s best illustrated by examples; (1) 
The members of a liomologous series differ in their 
M.M.R. by 1 ■02.1 for each CH^ The M.M.Il. of pentane 
being S'6,S8,*that of hexane should I>e fi'Ofil; ob¬ 
served value, B-670. (2) To obtain the value for an 
acid of the fatty series, the M.M.K. of one acid is 
found, then the method is as follows: 

M.M.R. of oenanihylic acid, CjUj^Oj = 7*552 

7 X 1-023 = 7 161 


0-391 

0*391 is called the series constant for the fatty acids. 
General formula for M.lil.H. of fatty acids is: 

= 0-391 + l-023„. 

(1) In a similar way values are deduced for: 


Hj between 


(a) The difference of 

a saturated and ah unsatu- 
rated compound 
Ethyl crotonate, 7-5891 
Ethyl butyrate, 6-477 I 
{b) Oxygen in alcoholic hydroxyl = 0*194 
„ acid hydroxyl =0-137 
I ,. carbonyl (CO) group = 0-261 


E.g 


(d) 


1112 . 
Diff.= 1-112 


(4) Tlie method of applying M.M.R. to constitutional 
questions is illustrated by the following example : 
Observed M.M.R. of ethvl crotonate 

CH,. CH : CH. COOC^Hj 7 589 
M.M.R. of oxygen in alcoholic hydroxyl (3.6) 0-194 

Calculated M.M.R. of ethyl hydroxycrotonate _ 

CH,. COH ; CH . COOCX 7-783 

Again: 

Observed M.M.R. of ethyl hydroxybutyrate 
CH,CHOHCH,COOC,Hi 
Difference of H, for imsaturation (3.tt) 


Now the series constant of a compound winch be¬ 
longs to two different classes can bo found by taking 
the mean of the series constauts for each class. 
This statement is confirmed by experience. So we 
have; 

Series constant for ester of acetic acid 0*370 
Senes constant for a ketone 0*378 

2)0-745 

0-373 

6 X 1-028 = 6-138 



4]0 


uois 




Oaloalated 1I.M.R. of ethyl aoetoaoetate 

CH,C0.4PHgC00C,H, = 6*611 
Olisemd H.M.B. of ethyl aoetoecetate 

C^CO. CH^OOCjHj = 6^501 

^ -010 
Thus ethyl aoetoaoetate has the formula CH,CO. CB^ 
COOCjHj, and not CH,C. OH ; CHCOOCjHj, which is 
ethyl ^ydrozycrotonate. Similarly ethyl ethylace- 
toaoetate has been shown to have the ketone form. 
Ail the work on this subject has been done by W. H. 
Perkiui sen. 


Mbleoiilar Befraotive Power (^m.) 
onlar refractive poner of a substance is 


The mole- 
»*-l M 
»•> + 2' d’ 


when n is the refractive index of the substance, M its 
molecular weight, and d its density. Sodium light is 
used. BrUhl, who has done an enormous amount of 
work on this subject, assigns values for tlie M.K.P. to 
the various atoms and groups in a similar way to 
Perkin for molecular magnetic rotation. His results 
are often of use in settling questions of constitution. 
The following example will show the application of 
the method; 

M.R.P. 


Calonlateil for 

Observed. Keto Form. Enol Pomi. 


Methyl acetoacetate 27"20 27-17 28-11 

Ethyl acetoacetate 31-99 31-78 32-72 


Thus ethyl acetoacetate has the formula CH,COCH, 
COOC,Hj, and not CH,. 0. OH; CH . COOC^I,. 

Moleenlar Botatory Power ( Chem.) The rotation 
(«®) of the plane of polarisation of light by a sub¬ 
stance of density d, in a tube I decimetem long is 
observed. The kind of light used is generally the 
sodium light—the D line in the sodium spectrum. 
Then the specific rotatory power, denoted by [a]j. 

is When the substance is a solid it is dissolved 

in an inactive solvent; in this case the specific 

^rotatory power as [o|^ == ^yy» where d is the 

daisity of the solution, and j> is the weight of the 
substance in 100 grams of the solution. The tem¬ 
perature must be stated, for the value varies with 
the temperature. The molecular rotatory power is the 
specific rotatory power multiplied by the molecular 
weight and divided by 10(J. 

Moleenlar Btdution Volume ( Ckem.} Graube (1) 
defines this as follows: 

„ ni ■¥ I I 

, ►'m = - ^ 

when V/n is the molecular solution volume, m the 
molecular weight of the dissolved sal).stance, I the 
quantity of the solvent which contains one gram 
molecule of the substance, d the density of the 
solution, and » the den.«ity of the solvent in thr solv- 
Hon —the change in volume which occurs on solution 
being attributed to the solvent. The constants so 
deduced are supposed toieprescnt the spaces occupied 
by the molecules of compounds and the atoms of 
elements more exactly than the constants deduced 
from the quotients 

MoIe<mlBr Weight . Atomic Weight 

- -- —(U)(J —-- 

Rliemfic Gravity Specific Gravity 

On these Traube founds a new system of arranging 
the elements—those of equal solution volumes 
occurring in the same class. He also shows that 
moleottlar solution volumes are of in deciding 


when ring formation hw ooourted. Thus the ouloh- 
lated value of Vm for g^yoocoll ($.«.), on the amurm? 
tion that it is not a ring compound, is 66*7; the 
observed value is 42-9. As ring formation is assumed 
to cause diminution ot Yn, Xcaube believesglyoocoU 
to be a ring compound when in solution. V^en the 
value for the observed molecular solution volume ot 
a compound is compared with that ealonhUted from 
the atomic solntion volumes of its elements, the 
former is seen to be larger than the latter, the 
difference between the two for a series <of alcohols 
at 15° in aqueous solution was found to befadriy con¬ 
stant, and in the mean » 12-4. This constant is 
called the molecular covolume ; it is supposed to 
represent the space which the molecules have at 
their disposal for motion of translation. Thte new 
constant is found to exist for homogeneous liquids 
and solids, only for these it has a different value than 
12-4, and a method of determining molecular weights 
is founded on it; but as the values so deduced are not 
always the correct values, the method is not given 
here. For farther infbrmation Tranbe’s work 
Ravm der Atome must be consulted. 

Moleeuliu* Volume (^Chem.') The quotient 
“ called the molecular volume. It 

8|iaafic Gravity 

should repTe.sent the relative volume occupied by 
a molecule of any given compound; and some regu- 
j larity exists between the molecular volumes of related 
j substances, bnt not sufficient regularity to enable any 
safe conclusions to be drawn a.s to constitution. For, 
I instance, isomeric comjjouuds should hare the same 
! molecular volume, and in many cases they have 
; nearly the same molecular volume; but exceptions 
' arc of such frequent occurrence as to render a 
i generalisation impossible. The failure of this oou- 
I .stant to be of service in constitutional problems is 
due t<' the fact tliat it is not yet known under what 
conditiou-s the specific gravities of liquid and solid 
substances are ci pmiurabic. 

Molecular Welfpit ( Chem.) As the absolute weight 
of a molecade of any .substance is not known with 
accuracy, molecuhir weights are expressed in terms 
of an arbitrary unit. We shall take as unit the 
weight of one atom of hydrogen. The definition of 
moleculiir weight, therefore, will be : the weight of 
one molecule of the substance in question, element 
or compound, when the hydrogen atom is taken as 
unit of weigh.!. To dctcrniiiic a molecular weight 
we make u.«e of two further principles ; first, 
Avogadro s l«aw (ij/.v.): second, the atomicity of the 
molecule of some standard suiistancc. We shaU take 
hydi-ogen as the stamlard substance, and assume 
that its molecule contains two atoms. We now put 

Wei ght o f one litre of any gas_ _ Vapour den- 

Weight of one litre oFliyrlrogen at ~ rity of sub- 
same temperature and pressure stance. 

Let the weight of the molecule of the gas be M, and 
let there be n molecules of any gas in a litre at the 
same temperatuie and pressure; then 

= Vapour density. 

That is, we have always the molecular wright of any 
gas is twice the vapour density. Molecn&r weighte 
of gases or substances which can be vapourised are 
always determined by an application m this rule.. 
For determination of molecular weight by lowering 
of the freezing point and raising of the boiling point, 
tee boLUTioKii. In chemical measuromentB quanti- 
; ties are always expressed in terms of molecular 
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wdgbta. Sge Hasb Aotioh, Hpbed ov BsAcqnoKs, 
SoLxmoNs. 

Moleonla (Chm.) Im agine a piece of cone sogsr 
anbmitted to a prooess of mecnanioal sabdivimon 
carried «> ^ that at last a paiticte of sugar is 
obtained wMoh on farther division loses the pro> 
parties of cane angar; that is, the particle of sugar 
gives two or more p^icles which are evidently not 
sow. Then this uliimate particle is called a mole- 
ciue. ASyWe may extend this imaginary process to 
any oompound, it is clear that we can define the 
molecule of a compound as the smallest particle of 
a oompound that can exist. In the (»8e of an 
element the molecule is not always the smallest 
particle that mm exist; the atom is the smallest 
particle of an element that can exist. So we must 
define the molecule of an element as the smallest 
particle of an element that can exist in the free 
state; that is, uncombincd with other atoms of the 
same or different elements. The atom and the mole¬ 
cule appear to be identical in most metals and in the 
inert gaseous elements (helium, argon, etc.) and in 
the vapour of certain non-metals at a very high 
temperature, e.y. iodine at 1,5CH)°,' these elements are 
therefore said to have monatomic molecules. Con¬ 
versely, it may be said that if a substance is proved 
to have a monatomic molecule, it must be regarded 
as an element. Neither the absolute size nor abso¬ 
lute weight of a molecule is known with much 
accuracy; the order of magnitude to which they 
belong may be gathered from the statement that in 
one litre of any gas at the ordinary temperature and 
pressure there are something like eighteen thousand 
millions of millions of millions of molecules, 

Moline {Her;) See viider Cnoss. 

Moll (Mveie). The German term for Minor, e.g. 
H moll 5= B minor, the term for major being Dur, 

e.g. B. dur = B*? major. 

Molto (Mime). Much : very. 

Molybdenite {Min.) Sulphide of molybdenum, 
MoH,. Molybdenum = 551’1; sulphur = 40'lt. Hexa¬ 
gonal. When fresh it is the colour of newly cut lead. 
It gives a grey streak on paper. Thin lamellae are 
flexible, but not clastic. It is soluble in nitric acid. 
It occurs sparingly in metamorjjhic rocks in Cornwall, 
the Caldbedk Fells in Cumberland, Norway, Bohemia, 
etc. 

Molybdenum {Min.) This element does not 
occur native. Its principal native compounds are 
MOf.TBDBKITU mid MOLYBDIKB (^.r.) 

Molybdeniun smd its Compounds (t ’hem.) Molyb¬ 
denum, Mo. Atomic weight, lh>. Is a white metal 
whhsh does not change in air at the ordinary tempe¬ 
rature, but at 600° it is oxidised to the trioxide, which 
sublimes; in oxygen at tin* same temijcrature it 
bums j heated in steam at 700°, it gives a.mixture of 
the di- and trioxides; dilute acids do not attack it; 
nitric acid and Lot concentrated sulphuric acid 
oxidise it. At a high temperature it combines with 
oftrbon to form a carbide, MojC. It occurs naturally 
chiefly as molybdenite, MoBj, which resembles plum- 
baro. The metal is obtsiin^ by reducing any of Its 
oxides ot chlorides by heating them in a streiun of 
hydrogen; also by heating the dioxide with sngar 
ohartmal in a carbon ornoible in tlie electric arc 
(800 amperes and 60 volts) for six minutes; that is, 
so that ime charge near the sides of the crucible is 
not melted, for the melted metal readily dissolves 
carbon. T^ metal belongs to the same group as 




chromium. It forms on miormane ttumbta' of com* 
pounds. Many oridira am known. The dioxide is 
obtained pure by fusing ammonium ipolybchmB 4!dth 
potasMum carbonate and boron oxide, and erttraoMng 
with water, when itfemains as a bxowo solid, vitdsjt 
by refleotf^ light. The triaafiie is a wldte /solid 
which toms yellow on heating, then meltt and 
sublimes; sparingly soluble in water; with al^lis 
it yields the molybdates; with strong acids it yields 
the molybdenyl $aM», e.g. MoOj. SO^. It is obtained 
by beating the native sulplude, conta i ned in a bard 
glass tube, in a current of air, to such a temTOrattua 
that the trioxide formed sublimes. Molyb^cadd, 
H^MoO,. H.^O, is a yellow solid formed when nitric 
acid is added to a solution of ammonium molybdate 
aud the mixture allowed to stand. A large numborof 
simple and complex molybdates is known. Oidiiuay 
“ammonium molybdate” is probably a doable salt 
derived from triraolybdic acid, H,Mo,0,„ and having 
the formula (NH4),H3Mo,0,5(NH,)jH,Mo,0^g. It is 
resolved into its constituents on solution in water. 
It is a white crystalline solid, obtained by evaporating 
a solution of the trioxide in ammonia. It is a 
valuable test for phosphates and arsenates. When 
an excess of a solution of “ ammonium molybdate '* 
acidified with nitric acid is added to a solution of a 
phosphate, a yellow precipitate of hydrated amnunuum 
phosphomolybdate is formed, 

(NHJjH, (IX),),23MoO,8H,0, 

A similar compound is formed with the arsenates. 
When the hydrated salt is dried above 130”, it gives 
ammonium phosphomolybdate, (NH.),rO,12MoO,j. 
When the last mentioned componna is treats 
with aqua regia it forms pho.sphomolybdic acid, 
H,PO,12MuO,, a solution of which is mi important 
general reagent for alkaloids. Some comTOunds of 
molybdenum and oxygen, which are molybdenum 
molybtlates, have a bine colour. The chlorides 
MoCl^ MoL’Ij, MoCl,, and MoClj are known. The 
pentacldoiide is a shining black crystalline solid; 
melts at 191°; bulls at 268^ giving a red vapour; it 
fumes in air, stud is decomposed by water; 

2MoClj + 3II,0=MoCl, + MoO^ + 6HCI. 

The solution ^comes blue in air, forming a molyb¬ 
denyl molybdate, MoOjlMoO,. 'Hie pentachloride 
acts as a halogen carrier {q.v.) Many oxychlorides 
are known.—W. H. II. 


Molybdic Ochre {Min.) A synonym for Molzb- 
DIKE (q.v.) 

HolybdOine {Min.) Mdlybilio oxide, MoO,. Molyb¬ 
denum == 65'71 ; oxygon = 34’29 per cent. Ortho¬ 
rhombic. Usually pulverulent, rarely ^ fine silky 
groups. It occurs as a decomposition product of 
molybdenite, and hence has the same localities. 

Moment of a Force {Phy*., fie.) The product of 
the amount of a lorc.e, by its iicrpendicular distance 
from a given point, in called the Moment of the 
Force alxnit that ptnnt, 'i'liis product is also called 
TuRNiKft Moment mid Tohqitb. 

Moment of a Magnet See Magnet. 

Moment of Inertia {Meeh. \ If a particle of mass 
m berevoUmg in a circle ot radius r, the quantity 
?«?•* is termed its Moment of Inertia. If a rigid body 
revolve about any given axis, its Moment of Inertia 
about that axisisobtained by summing qB the separate 
products etc,, where »»,, etc., 

are the masses of the separate particles composing 
the body, and r„ r^, etc., are the perpendicu^ di^ 
tances of these particles from the axis. The Momente 
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of Inertia of eume solids of common form areas follows, 
where M is the mass, r the radius :—Cireular Ditci 
Axis tlirongh centre, A Mr®. Sphere: Axis through 
centre, | Mr®. Thin. Aid; Axis through middle, at 
right angles to rod, Ml®. Thin Hoop or Ring: Axis 
tj^ugh centre, Mr*. In fortnul® for the tonding 
of beams (pee Beam) the Moment of Inertia of 
the cross section is the sum of the products of each 
element of area into the square of its distance from a 
given axis. If this axis bethronghthecentre of gravit^r 
of the area, and A be this area, we have the Moment 
of Inertia for a rectangular section equal to ^ A.k '^; 
a triangular section AA®, and a circular section 
■ft AA®: it is the depth of the cross section in the 
mrection along which bending occurs. In beams, 
1 (the Moment of Inertia) must be wilculated abf>nt 
the neutral axis (g.r.) of the beam, and this ma; not 
pass through the centre of gravity of the cross 
section, but may be at a distance r from it. Then 
if I« be tbe Moment of Inertia about tlio axis through 
the centre of gravity, and I that about tlie neutral 
axis, we have I = Ij + Ar®. 

Momentum (JIlTacA.) The product of the mass of 
a body and its velocity. It may be taken as repre¬ 
senting the “ quantity of motion ” of a moving bo<iy. 

Monad Element (Chem.') Same as monovalent 
element. See Vai,excy. 

Monatomic Molecule (Ckem.) From Avogadro’s 
Law we have alwavs 

Vapour density = 

See MobBCULE. IVlien the vapour densities of 
mercury, zinc, and («.dmium, and iodine at l,.5tK>‘’, are 
determined, they give values whicii are half theii 
atomic weight, from wliich it is concluded that the 
atom and molecule of these elements in tlie gaseous 
state are identical: they are called monatomic 
elements. The lowering of the freezing points of 
many metal.s, when tin is used ns solvent, also yield 
values for .their molecular weigiits wriich are iden¬ 
tical with their atomic weigiits. Another kind of 
evidence is available in the case of mercury and the 
inert gases argon, helium, etc. Tlie velocity of sound 
in these gases and in mercury vapour lias been found 
by Kuudt’s method (jf.j».) From the observed velocity 
of sound the ratio of the two specific heats of the 
gases or mercury vapour can be calculated. See 
VELOCITY OF Bouso. The value for their ratio is 
1'66, and this agrees with the value calculated from 
the kinetic theurv' of gases for molecules on which 
no Internal work can be done; for instance, no energt' 
Of rotation can be imimrted to such molecules, tjor 
can they consist of two atoms, for then work could 
be done in changing tlieir motion about their 
common centre of gnivity; that is, such molecules 
must consist of single atoms. The ratio of the 
two specific lieats for a ga-s like hydrogen, which is 
believed on many chemical grounds to have a 
diatomic molecule, is 1*41. 

Monde (Her.') One ot the insignia of royalty, 
consisting of an orb surmounted by a cro8.s, generally 
pattiie. The orb is encircled by a horizontal band, 
often enriched with gems. See C'BOWN, 

Monhydrie Alcohol. See Alcohol. 

Menial (Arehitent.) See Mulliok. 

Monk (Print.) A black blotch on the printed 
sheet, caused by a foreign .cubstanoe in the ink, 
improper grinding of its materials, or imperfect dis¬ 
tribution ou the face of the forme 


Monkey (Hna.) The weight or ram of a pile driver 
whicli strikes the head of a ]*1LB (g.v.) in order to 
drive it into the ground. 

Monkey Sat. See Gbotted Kttt, 1^ KcT. 

Monkey Tail (Carp, and Join.) A vertical scroll 
at tlie end of a handrail. 

Mono (Chem.) A prefix used in chemistry to 
denote that the element or gioup to which it is 
jirefixcd occurs only once in the molecule of the 
componnd which bears the name; e.g. Mouochlonmetic 
acid is acetic acid in which one atom of hydrogen has 
been replacetl by one atom of chlorine. 

Monochord (Smttul). An instrument consisting of 
a single wire or string stretched on a sounding board 
between suitable bridges or supports by means of pegs, 
a spring, or a weight passing over a pulley. Used in 
experiments on the vibration of strings and in the 
inve.'itigation of the frequency of vibration of other 
sounding bodies. 

MonoeotyledoneB (Butting). One of the two sub¬ 
divisions of the flowering plants. The leaves are 
fiarallcl veined, the flowers have their parts in threes, 
and the bumlles of the stem are soAttcred. The sub¬ 
division includes the Liliaeete. Oram'mtp, Palma', etc. 

Honohydric Alcohol ((hem.) An alcohol con¬ 
taining only one livdro.vvl group. Examples: 
CT1,CH.C>H .‘CH,. CHOU. f 'll,. See Alcohols. 
CH,OH 

Monoformin (Chem.) cn,OH 

CH,OOC. H 

The name given to the ester formed by the union of 
I molecular proportioii.s of glycerine and formic acid, 
with elimination of one molecule of water. Snjiposed 
to be formed when glycerine and oxalic acid are 
heated together ; al.so when o-chlorhydrin and sodium 
formate act on each other. Chi heating the product 
It yields allvl alcohol — 

CILOH CH,OII 

I I 

CHOH = CH -f CO, + H,0 

I !l 

CH.jOOCH Cllj 

Heated with abater, it give.s glj»<.«rine and formic acid 
(g.r.) 

Monolith (Arehifeet., etc.) A column, statue, 
obelisk, or other feature formed out of a single stone. 

Monoperlpteral or Honopteral (ArchUeid.) A 
species of circular temple in which there is neither 
wall nor oella, but mertdy columns supporting a roof. 
See I’rKRA. 

Monophase OeneratoF and Motor (Meet. Eng.) 
A SiXdLE Phase (//.r.) machine. MOTOBS and 
Hyxamo. 

Monophase Motor (Elect. Eng.) See MoTOBS, 
Electiuc. 

Mono Rail ( Civil Eng.) A rail carried on trestles 
above the level of the ground. The rolling stock 
either hangs susitended from the rail, as in the 
Barmen and Elberfeld Railway in Prussia, or else 
each vehicle is biijlt like pinniers, so that it hangs 
down on both sides of tlie rail on which it is balance^ 
as in the Listowel and Ballybunniou Railway in 
Ireland. In the latter case side rails are added below 
the level of the main rail to steady the vehicle: they 
do not sustain any portion of the load. 

Monosacehoroses (C'hem.) A name given to tbe 
sugars containing six carbon atoms. See SvgTabs 
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HonoM A name, raiely used now, for 

sugars containing six carbon atoms. See StroABB. 

HoaoBMOT-IIonosaoohuidesC^tma.) SS^^Gabbo* 

BTDBATBS. • 

IfoiiostylB (AroMteat,) A pillar which consists 
of a single shaft, See Clttstbbbd Pillab. 

IfOBOtone {Miteia), The recitation of words on 
one note. 

Mono Tri^yph (Arehiteet.) An arrangement of 
the Doric frieze andintercolumoiation such that there 
is only one triglyph between the triglyphs imme¬ 
diately over two adjacent columns. This is the usual 
arrangement. See Tbiglyph, Di-tbigylph, Tbi- 
TBIGIYPH, ABCHITBOTUBE, OB0BBS OF, and ENTA- 
BLATBBB. 

Monovalent Element or Group (f7/ter».) See 
Valbucy. 

Monsoons (Meteorol.) Prevailing winds in Southern 
Asia. North of the Equator they are S.W. winds, 
lasting from about May to October; and south of the 
Equator they are N.W. winds during the remainder 
of the year. The S.W'. monsoon is followed during 
the rest of the year by the N.E. trade wind, and the 
N.W. monsoon by the S.E. trade wind. 

Month, Sidereal (Aitrm.) The time it takes the 
moon to make her revolution from a given star to 
the same star again, as seen from the ceuiro of the 
earth. Its mean value is 27d. 7h. 4;hu. ll'.'JOs. 

- .Synodic (Aetrm.) Thp time between two 

successive conjunctions or oi>po.sitionB, Le. betwooUg. 
suewssive new or full moons. Its mean value is 29d. 
12h. 44m. 2-86s. 

Monumental Brasses. S-e Bbasses, Monu- 

MENTAL. 

Moon {Axtron.) A satellite of tlie earth, and to ns, 
ranking next* to the sun as tlie mo.st important of 
tl>o heavenly bodies. The mean distance from the 
earth is 238,840 miles ; mean duimeter, 2,103 miles. 
The passage of tlie moon between the earth and the 
sun, near the nodes, causes eclipses of the sun which 
arc partial, annular, or total, according as the condi- 
tiou.s prevail. i 

Moonstone (.Via.) A variety of Adulabia which ■ 
Ik a colourless semitransparent v.ariety of ththoclasc 
Felspar. Sec Obtiioclase. Moon.'itoiie lias a pL:irl.v i 
lustre, and is used as an ornamental stone. Suitable 
specimens come cliicfly from Ceylon and other 
loculiticvs in the East Indies. 

Moor Cook {Ifer.) A charge; the male or cook 
bird of red grouse. 

Moorish Architecture. Tliis is a branch of ; 
Moliammedan arciiitccture, and was originally di'- j 
voloped in Northern Africa around Morocco; but the j 
finest examples were produoeti in Spain, wliich was 
under Moorish rule from 7i0—1492 a.d. The 
principal features of Moorish work are slender 
columms; semicircular, L.or^c.si^oo, ami cu.sped arctics, 
and minarets, which in Spain wore replaceti by 
massive towers. The richly coloured interiors were 
treated with minute surface ornament, tiling, jila-ster 
relief, and pierced work, the oruainimt being usually 
of geometric type and embotlying insmpt ions. The 
most noteworthy examples are the Alh.'«ubra at 
Granada (begun 1248 A.D.), the Alcarars at Seville 
and Malaga (thirteenth century), the Giralda at 
Seville, and the Great Mosque at Cordova (begun 
786 A.D.) 

Moor*BHMtd(/Zer.) A charge representing a negro’s 
head id profile, generally with a pearl ear pendant. 


Mopetick Bail (Join .) A handrail of circular section. 

Mopaeeas (^Botany). A Dicotyledon order of trees 
and shrubs, including the mulberry, fig, bop, etc. 
This order yieids fruits, fibres, rubber, drugs, and 
timber. 

Moealnei (Oeol.) The loose piles of stones and 
other rock dibrie which are carried outward from riie 
heart of a mountain area by the agency of glaciers. 
They naturally form three types; (1) Those which 
have fallen from the slopes above the side of a glacier 
and form the lateral moraine. (2) Those which find 
their way to the middle of the surface where two 
lateral moraines unite into one. (3) The terminal 
moriiine, which represents the dibrie left at the outer 
end of a glacier. A fourth kind is supposed by some 
to exist beneath the glacier, and this supposititiooe 
material is referred to as the “ Moraine Frofonde." 

Mordants. See Dyes aku Dyeing. 

Mordente (Mutio ).—Of the musical ornaments or 
grace notos, this is one of the most important. 
Mordentes are of two kinds, the Short and the Long, 
and are written and played as follows : 



Besides these there is the inverted mordente or 
pralltriller, which has no upright line through the 
sign, e.g. 

Writton. Played. 



This inverted mordente is also called a “ Schndter.* 
Moreau Marble. See Abtificial Stone. 

S orendo (.l/«rie). Dying away, i.e. gradually 
rig softer and slower. 

Morion, Morlan, or Murrion (Am.) A Moorish 
bciidpii'ce or helmet copied l»y tlie Spaniards about 
the middle of the sixteenth century, and worn later 
bv other European nations also. The crown of ^e 
earlier morions was pointed in shapd; the brim, 
both before and behind, forming a peak, which 
canted upwards; later the crown wa.s rounded in 
outline and often surmounted by a cicst or 
comb. The morion was worn as late as Oromwoirs 
time. 

Morning Star {Astern.) A star which rises just 
before the sun, in contnulistinction toan evening star, 
which sets just after the sun. 

Morocco (Leather Manvfac.) Tanned goatskins 
used for furniture and the highest class of book¬ 
binding leatluT. It was formerly obtained from the 
African town after whitdi it is named. 

Morphine or Morphia (f!hem.) .An alkaloid. 
White crystals, ne^^dlcs or prisms, containing one 
molecule of water of crystallisation; melta with 
decomposition at 23(F; sparingly soluble in water 
(about 1 in 10,000 at ordinary temperature and 1 in 
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480 boiliagr); more solable in alcohol (5 in 100 at 
ordiiuu 7 tempemtuie); aolnble in mnn amyl 
alebhol; nearly i^olnble in ether and benzene. It ' 
, ia levorotatory. Sorphine ia a strong base, and forma 
inany aalta. The hydroehloride, B . HCl. 3HgO, 
silky needles, soluble in water; the tartrate, 
B^C^,0,.81^0, small ^rtiite crystals, soluble 
in water; the acetate, B..3H.O, white 
crystals, readily soluble in water, are all used in 
medicine, bat the acetate not so much as the other 
salts, becanse it loses acetic acid and becomes less 
solnhle. (B stands for morphine.) Morphine occurs 
m opium, Smyrna* opium containing most of the 
alkaloid (11*7 to 21’5 per cent.) 'Jlie opium is 
thoroughly extracted with warm water, the solution 
nentransed with calcium carbonate and concentrated; * 
otdcinm chloride is now added to precipitate mecunic 
^(1, and the solution is evaporated to a syrup, when 
it deposits crystals of morphine and codeine hydro- 
elilondes, which are recrystallised; from the solution 
of the mixed hydrochlorides ammonia precipitates 
morphine only. The following reactions are im> 
portimt in the determination of the constitution of 
morohine. Analysis shows it to have the formula 
C||HigNOr It is a phenol because it gives a blue 
colour with ferric chloride, and combines with caustic 
soda to form a salt in which one hydrogen is replaced 
by sodium. It contains another hydroxyl group 
brides the phenolic one, for it rields both a mono- 
acetyl and a diacetyl derivative with acetic anhydride. 
The diacetyl morphine is used in medicine under the 
name heroine. It is a tertiary base because it unites 
directly with methyl iodide, and the addition pro* 
duct can be converted into a hydroxide. On warming 
morphine with methyl iodide in presence of sodium 
ethoxide, codeine (which is methyl morphine) is 
obtained. Codeine unites directly with methyl 
iodide to form codeine methiodide, and this com. 

g ound yields a hydroxide with moist silver oxide. 

odeine methyl hydroxide readily loses water, and 
forms a white crystalline solid called methyl- 
morphimethine, which has the following imiiortant 
reaction: Heated in a sealed tube with acetic 
anhydride at 160“ to 200°, it yields, an isomeric 
compound, and also oxyethyldimethylamino and an 
acetate of oxymethoxyphenant brene. The dehydroxy- 
phmianthrene from which the last mention^ com¬ 
pound is derived is called morphol, and it has been 
synthesised. It has the constitution: * 


grounds the following lortnnla has been assigned to 
morphine: 



N.CH, 


HOHC'^ 


V-’II-O 


'C.OH 


Accordingly the derivatives mentioned 
represented as follows: 
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When morphine is heated with zincdust,])henanthreDe 
ia among the products of its decomposition. On t,bese 
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IfaihylmorpliiBwtiiiB*. 


CH 



HO.CH,.CH^.N(OH,)j. 

Ozyetbjldiinethylainiiie. 

When morphine is heated with concentrated hydro- 
obloric acid it loses one molecule of water, and forms 
spomorphine, a white amorphous powder which turns 
green in air; it id used in medicine because it is 
a powerful emetic. Phosphorus trichloride replaces 
the alooholio hydroxyl by chlorine, forming a com¬ 
pound called chlormorphide, C,,H^NOjCl, and this 
on treatment with water yielas two compounds 
isomeric with morphine, called isomorphine and 
^-isomorphine; but these compounds have not the 
narcotic properties of morphine. Morphine acts as 
a reducing agent, and on this property most of the 
tests fur it arc founded, e^. the liberation of iodine 
froin iodic aciib The ^kaloid (its salts) are nsed in 
medicine tor producing sleep and relieving pain; it 
is very poisonona—W, H. H. 

Moimw Glnteh {Cyelea), A form of friction clutch 
in which the contact is made by a series of rollers 
running on slightly inclined teeth, resembling a 
ratchet wheel. The rollers serve as pauls when the 
frw wheel is driving the cycle; when the pedals are 
still, the rollers drop back and release the outer ring 
of the*obain wheel. 

Mone iCott,') A clasp, often richly engraved, by 
which a tope is fastened. 


Kwm Cole or Urn alphabet in wldeh * 

eveiy letter is rnidreseoted by n oomoibation b( twb 
elementary symbols; in ^3ng, these eymlMto 
consist of a dot and a da^; in tele|raphio orotluit 
signalling the movement of a needle, pointer, 
etc., to one side represents a dot, ana to the otinBr :.,') 
side, a dash. By this means a complete system ot.^' 
transmitting messages can be used with appanatoa 
which is capable of giving two distinct s^mnla 
only. 

Hmrae Seeeiver or Recorder {Meet. Mtg.') ' ▲ 
telegraphic instrument which records the dots and 
dashes of the Morse Code on a strip of paper which 
is drawn off a drum. The current received by the 
instrument acts on an electro magnet which moves 
an arm provided with a markii^ point or wheel,; 
this marker comes in contact with the paper str^ 
and produces a dot or a dash according to the 
duration of the current. 

Mortar. See CsHiaiTB. 

Mortar Mill {BuiU., etc.) A grinding and 
mixing mill for mortar; it consists of two iron 
wheels or rollers, running on the ends of a short 
horizontal axis which is fixed to a vertical rotating 
axis. The tellers are thus caused to run round a 
circular track in a shallow pan in which the lime, 
sand, etc., arc placed. See £dge BtntNBB. 

Mortice {Cary.) A hole, usually rectangular, cut 
,ito receive a Tekon {q.v.) A mortice usually passes 
right through the piece of wood in which it is out. 

Mortice Chisel {Cary, and Join.) A chisel with 
a very strong blade and a handle adapted for 
receiving blows from a mallet. Used in cutting a 
mortice (q.v.) 

Mortice Oan^e {Carp, and Join.) A gauge 
formed by a bar, along which slides a guide or fence 
which can be fixed at any required point on the bar. 
Near one end of the latter are two metal points 
projecting at right angles to the bar; one jmint is 
fixed, the other can be adjusted at any required 
distance from the fir.st one. Used for marking two 
lines simultaneously, parallel to the edge of a piece 
of wood, as in setting out a mortice {q.v.) 

Ml^tioe Machine (Cary, and Join.) A machine 
having a chisel attached to a massive tool holder, which 
can be raised or depressed by a lever. The tool bolder 
moves vertically in guides attached to the frame of 
the machine. The wood to be cut rests on a table 
which can be given a lateral motion by means of a 
wheel turned by hand; after each stroke or out of 
the chisel, the wheel is turned slightly, to move the 
wood into a suitable position for the next cut to be 
taken. The machine is now almost universally used 
for cutting mortices, even in small workshops. 

Mortice Wheel (Mig.) A gear wheel in which 
the teeth are formed of wootl, each tooth being 
driven into a mortice or socket in the rim of the 
wheel; once very common in mill work. 

Mortier (Ber.) A cap of estate, worn by the 
French Chancellors and Presidents of FarUammit; 
used as a charge in French heraldry. 

HovtifM {Cary, and Joifi.) Sles MOBTIOX. 

Mosaic {Arrliiteot.) Inlaid work formed of small 
pieces, usually cubes, of marble, glass, or other 
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materials. It is used as a decorative treatment of 
floors and stall surfaces. . 8ee alao BTZAimKK. 

llosalo Gold aChsm.) Stannic sulphide. See XlK 
^Compounds. 

1 Hoai Agate (Min.) A variety of CHALCBDONr 
containing dendritic forms of Limonite or 
' Pyrolosite, which coat the surface of cracks within 
the agates. See al»o Aoatb. 

Mono (Mutio). Movement. 

Motel {Cotton Manvfac.') Spots on spun yarn 
due to cmshcd seed or leaf which has not been freed 
from the cotton fibre during the spinning processes. 

Mother Liqaor ( Chem.) The liquid remaining when 
a solution of a substance or mixture of substances has 
been caused to deposit crystals. 

Mother of Coal (Geol.) See Coal. 

Mother of Pearl. The inner layer of the shell of 
many bivalve molluscs, particularly the pearl oyster. 
This substance is used in ornamental work. 

Mother of Vinegar. See Acetic Acid. 

Motion {Lace Manufac.) One movement of the 
carriages from back to front or rire reran, like the 
swing of a pondnlum from right to left or vice reran. 
In most macliines it is one revolution of the front 
shaft. 

Motion Ban {Eng.) The Slide Babs or Guide 
Babs of an engine {q.v.) 

Motion Bloek {Eng.) A Slide Block {q.r.) 

Motion in Line of lUght {Aatron.) The motion of < 
bodies in space can be resolved in two directions, j 
either in the line of sight or at right angles to this : 
direction. The former can be measured by the ' 
spectroscope. ! 

Motion Work (Cbwka and Watchea), The short , 
train of wheels used between the hour and minute j 
hands to maintain their relative speeds. Alee Cannox ; 
PiKION. I 

Motor. A general term for a prime mover or | 
engine; applied especially to electric motors . 
(ma»!hines for converting electrical eneigj- into 
mechanical energy) and to petrol and spirit motors 
{q.v.) Also a contraction for Motok Cab. 

Motor Boats and Launches. —The term “Motor 
Boat” is now usually applied to small vessels pro¬ 
pelled by an internal combustion engine using x>etrol 
or some similar oil or spirit. Tiie engine of such a 
boat is of some standard type, such as is described 
under Petbol Exchn'e {q.v.) In certain cases an 
engine with a two .stroke cycle is employed, as its j 
lower speed is advantageous when the engine is con- : 
nected directly to the .shaft of the propeller. As a 
petrol engine cannot be reversed when the boat i.s 
required to go astern, the propeller is often made 
“ reversible ” ; the blades can be moved in such a 
way as to reverse the direction of the screw {i.e, 
from right handed to left handed). The necessary 
movement is effected by a lever in the boat, con¬ 
nected by a rod to a sleeve on the hub or boss of the 
propeller. The average size of the boat s now in use 
is about 25 ft. iu length, and 5 ft. to 6 ft. in beam, 
the horse power commonly being from 10 to 16; but 
boats have already been built of 160 horse power. 
Tlie Delahaye boat may be quotetl as an example. 
The whole of the engine, working parts, control 


lever, etc., are caurried on a single bed plate, so that, 
the bottom of the boat having been pr^red. It 
drops into place without elaborate bolting or fitting, 
and the whole can be easily inspected, 12 h.p. 
two cylinder engine has cylinders of 100 mm. bore 
by 140 mm. stroke, making 1,160 revolutions per 
minute. The Napier Is the best known of the English 
made engines, and it has already proved as effective 
on the water as on land. Great interest was evoked 
iu motor boats by the International Bace from 
Calais to Dover on August 8th, 1904. Out of twenty- 
one starters twenty finished: Mereedea JV. (80 h.]).) 
winning in about a minute over the hour; Napier 
(78 h.p.),some5^ minutes behind, second. The leaders 
travelled over 22 knots per hour, and tlie little 
Princeaae Elizabeth, only 30 ft. keel and 45 h.p., easily 
held the finest and fastest cross Channel boat of the 
day, the turbine-driven ^ueen (about 300 ft., with 
6,(X)0 h.p.), in mid Channel. In October, 1904, in 
a race Iwtween a boat of 40 ft. length and' 90 h.p. 
and another of .37 ft. and 160 h.p., from New York 
to Albany and back (about 275 miles), the former 
won, maintaining an average speed for the whole 
journey of 26-29 miles per hour, a pace excelled by 
very .few “ destroyers.” Those figures seem to in¬ 
dicate that there is a great future for the motor 
boat. 

Motor Can. Tbe term “ Motor Car" is used 
somewhat loosely, and although ki England it is 
taken to comprise all clas.ses of self propelled goods 
or passenger vehicles wliich are adapted to run on 
ordinary roads, in the United States of America the 
term is, and has iasen for many years, employe*! in 
connection with tramcans. ll is tlie former or purely 
BritLsli sense that is here adopted, and w-ithout 
attempting a definition that would fully differentiate 
between what ia and what ia not ainijtor car, it, may 
be briefly stated in general term.s tliat all self pro-, 
pelled vehicles adapted to run, and be steered, on 
common roads, and to carry either goods or pas¬ 
sengers, other tlum exclusively for their* own 
(Consumption or guidance, fall within the meaning 
contemplated. Histobioal ; The history of the 
motoi car ba.s its origin <n the earliest attempts at 
mechanical traction, and consequently goes back 
prior to the commencement of the nineteenth 
century. With t liese early attempts are associated 
tiie names and work of Cugnot (1770), Trevetbick 
(1802), and during a j)eriod of phenomenal activity 
(1825 to ISS.*!) of Hancock, Gurney, Summer, 
Ogle, and others. Tbe successtes achieved by both 
Hancock and Gurney are such as to suggest that 
under more favourabh-. circumstances the development 
of mechanical traction on common road.s wcuM have 
become a matter of steady progress and growth, 
instead of being doomed to premature extiuctioii, 
ri-sulting in the almost total loss of the experience 
and information that had l>een gained. The railway 
locomotive, although taking its origin in tlie same 
crarlle as the steam carriage, proved itself an infant 
of much more rapid growth. The conditions under 
which it is required to work lieing Jess exacting, 
success jiroved to be within more easily attainable 
reach. From the time of the abandonment of the 
early steam carruige (about 1840) to that of what 
may be aptly termed the “ Motor Car Benahssance,” 
sporadic efforts were made, and more or less success¬ 
ful results were achieved. Notable amongst these 
were vehicles by Bioketts (who built a series from 
about 1858 onwards), Yarrow (1862), Holt (1867), 
and others. In general, considering the enormously 
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increased tedlities provided hj the then modem 
machine shop, the results achieved daring 
period were disappointing, especially when compart 
with the previous efforts thirty years earlier with 
oompaiattmy crude appliances. It is doubtful 
whether the weights of engine achieved per horse 
power was any groat advance on Hancock or Gurney, 
and although in some cases the engine was geared 
down considerably on to the road wheels as on a 
modem car, the extent to which this was done (taking 
into account the slow car speed) was not suflicient to 
fully realise the advantages of the high speed engine, 
and thus where gearing was used the advantage 
obtained was scarcely sufficient to justify its employ¬ 
ment, Tlie cars of this period embodied little more 
than the bare necessities of locomotion, and no 
attempt was made to build steam carriages in the 
sense understood by Hancock and Gurney, or motor 
cars, as they are understood to-day. These sporadic 
efforts are unimportant historically, as they show no 
continuity eitlier with the past efforts or with the 
subsequent history of the development of the modem 
car. The present era in the history of the motor car 
WM inaugurated by the employment about the year 
1KK6 of the internal combustion engine as the means 
of propulsion. For this innovation the credit must 
be given to Gotleib Daimler, who, while adhering to 
tlio Otto or four stroke cycle (which had driven all 
comp<jtitors from the field in the gas engine world), 
succeeded, by adopting Ligli sp^d, in producing 
engines of very light weight for the power developed, 
and so rendering the internal combustion engine 
suitable for the propulsion of motor veliicles. Of the 
firms early in the field, the most successful to apply 
the Daimler engine to the pronuLsion of the motor 
car was undoubtedly that of ranluird & Ijevassor, 
whose general arrangement of mechanism and system 
of change gear and transmission, subsequently 
adopted by many of the leading makers, stirvives at 
the mesent day. The practical solution of the 
problem by the application of the internal com- 
biTstion, or, as it is somewhat loc^.sely termed, the 
“ petrol ” engine, and the publicity given by the races 
and competitions that were organised from about the 
year 1894, liad the result of stimulating effort in other 
directions. Not only did the makers of these cars 
increase rapidly from year to year, but several firms 
commenoeu the manufacture of steam driven cars, 
in a few cases (notably Perpollet in France, and the 
“ Stanley ” or “ Locomobile ” in tlie United States of 
America) as a direxst competitor with the liglit petro¬ 
leum spirit car; but steam was more generally and 
Buocessfully employed in cars for heavy traffic with 
a " tareof about two tons and upwards. Owing to 
the development of the industry the term “petrol 
car” needs definition. Since petrol wa.s the first 
snitable light petroleum distillate available ns a fuel 
tor internal combustion engines, the name became 
associated with the cars, in contradistinction to 
steam, gas driven, or electric cutrs; but really it is a 
misnomer for petroleum spirit or light hydrocarbon 
cars. 1'here are now many suitable petroleum spirit 
fuels for cars propelled by internal combustion 
engines, but there is a tendency to retain the old 
title. The limitations of the term petrol instead of 
I>etroleam spirit cars are a.s misleading, as designating 
cars driven by alcohol motors, “brandy" or “giii^’ 
cars, Instead of alcohol cars. The Blectiical (Accumu¬ 
lator) Motor Oar also made its commercial appear¬ 
ance under the stimulating infiucnce of the success 
achieved by the petroleum spirit vehicle. The 
claims put forward on behalf of electrical propulsion 


poved to rest on but slender fouada^pon. !nia> 
electric aconxnnlator was never able to hold it* 
own against the internal combustion engine ot 
even the steam engine, owing mainly 
the cost of up-keep and weight of aocumnlatacsf 
necessary per horse power hour. The usetel lungeL 
of the electric vehicle being limited by this latter 
consideration to about twenty miles out and home, 
its employment has been confined to short distance 
work in populous cities. So long as lead oxide is the 
means of electrical storage there is no prospect of the 
electrical vehicle seriously improving its position. 

Typbs of Modkbk Cab: The various types of 
modem motor car may be roughly classed as: 

Motob Cycles, including all small vehicles built 
on cycle lines with the motor and frame resting- 
directly on the road wheel axles without “sus-. 
pension.” 

Subd4viHo7is : 

Motor Bicyelet: generally having accommodatioa 
for one. 

Motor Tricycles: generally arranged with accom¬ 
modation for two. 

Motor Quadrieyoles; generally arranged with 
accommodation for two. See also Motob Cycles. 

Motob Cabs (so called), including all types of 
suspended passenger vehicle, and classifiable roughly 
as follows: 

Voiturettes; generally having accommodation for 
two, with .sometimes additional accommodation. 

LiyAt Cars: usually built to accommodate four. 

Tostring Cars; long distance vehicles to accom¬ 
modate four upwards. 

M(Ttvr Bronijltams^ arranged with accommodation. 

Motor Lam,a'vlets\ etc., as their names would 

Motor Wagonettes j indicate. Body work follow- 
ete. } ing horse drawn practice. 

Heavy Motob Vehicles, including slow moving- 
vehicles primarily for goo<ls transport usnally (at 
present constructed) upwards of two tons “tare.” 
Types of this class are not as jet fully differentiated; 
but the steam lorry or dray is at present the prin¬ 
cipal type. 

It may be noted tliat two types of self-propelled 
road vehicles, the steam road-roller and the traction, 
engine, are not included in our definition. The 
popular types of vehicle of the cycle and car classes 
are subject largely to the influence of fashion, 
based on, but not altogether proportioned to, the ap¬ 
parent merits of the types of the moment. The 
“ vogue " in motor cycles until alwut the year 1900 
favoured tlie three wheeled machine, the type then 
most common bc.ing the “ De Dion.” Since that date 
the motor bicycle has come into more general use, 
and is the almost universal one seat machine of 
to-day, the “ quail * and the more modem form of 
tricycle with fore carriage being the more popular 
of the two seated arrangements. The most notable 
effect of fashion in the oar class of vehicle has been 
the vogue until about a yciir ago (1903) for the rear 
entrance “ tonneau,” and the present reaction in. 
favour of the side entrance car. The essential 
functional elements of a modern petroleum spirit 
motor car are as follows: Commencing at the fuel tank,, 
we have: (a) The VAPOPBisBB, in which the liquid 
fuel is vapourised and mingled with air to fbrm an ex¬ 
plosive mixture, (i) The Engine or motor by which 
the explosive mixture is drawn from the vaporiser, 
compressed, ignited, exptuided, and the products 
of combustion expelled, and by which as great a 
proportion as possible of the energy contained in 
the vapourised fuel is converted into power; and, . 
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wbridiaiy to the eac^ae. the OOOiaiB (oi Bazoator) 
•nd SZBAVsr SujRRqbr, hj whidi the waste heat 
and laodacts from the engine aae dissipated and dis» 
ehaiged into the atmosphere, (o) The CLtrroil, b; 
whlcm the exs^oyment ot the power of the engpne is 
eontroQed. ( a ) The Ghargb Gear, by which the re- 
hdicBi between the speeds of driving and driven 
zneohanism may be accommodated to suit change of 
gradlimit (fig. 1). (e) Trarsiiission Tbaih, by which 



Ct.ul'CH 

Fie. 1.—The “Akotle” Gear Box. 


the TOwer is conveyed to the road wheels (fig. 2). 
(/} lie Ttres. The functional elements of the 
steam car are in the main analogous, and to some 



Fio. 2. 

extent identical; but the clutch and change gear are 
diwensed with, the condenser takes the place of the 
comer, and the boiler is additional. The vapoariser 
commonly employed is of the “ spray " type, and works 
on the same prindple as the common spray diffuser; 
it is axrangM in the suction pipe of the engine. 
In another form of vapouriser the petrol is sucked 
up by numerous wicks into chamber through which 
the tdr passes on its way to the motor, and is thereby 
aatuiatra with vapour. The motor almost universally 
employed worics on the well known “ Beau de Bochas ” 


or “ Otto ** prineipK ha whUsh the complete i^cle of 
operations occupies four strokses of the piston, these 
bein|r respectively: (1} suction, during which the 
admisrioB valve is c^n; (Z) oompresidon, durihg 
which the gases taken in on the pre^us stroke axe 
compressed; (3) the eiq>ansion, m which the ghses 
aftm ignition expand, doing worit; and (4) the 
exhaust, daring which the waste products are 
expelled through an exhaust valve, Ine number of 
cylinders in common nse varies from one in the 
cheaper class of car to four in the better class 
of touring car. and in machines specially built 
for racing. The advantages of the mnlticylinder 
engine are the absence of vibration and the greater 
uniformity of “torque.” The advantages claimed 
for the single cylinder engine are simplicity and 
cheapness. Great efforts have been made to pro* 
(luce a balanced engine in which there is no 
vibration. In the generality of cars the engine 
is of the vertical type, though in some standard 
types of car the horizontm engine has been 
employed, owing to its greater suitability to the 
design. The coolers or radiators are of various 
designs, the object being in all cases to present as 
great a hot sur&ce to the surrounding air as possible. 
Uadiators are sometimes assisted by a fan to blow or 
suck air over the hot surfaces, and the water circula* 
tion is usually maintained by a pump. In some 
engines direct air cooling has been employed, in wliich 
air is blown over gills attached direct to the cylinder. 
Clutches for the control of the p<»wer transmission 
are of various forms. The majority at the present 
(lay are conical clutches, h'athm faced. An advaiK^ 
on this practice is found in the metal on metal 
clutches of the “ Mercedes,” “ l4inch(ister,” and 
“Hele-Shaw” types. The former is a Coil clutch 
and the two latter are conical, tiie “Helc-fehaw” 
being an application of the multiple disc (or Weston) 
principle. The change gear most commonly em- 
ployerl at the present day is that of intermoshing 
toothed wheels, a series of tootlied gears on a flUding 
sleeve being arranged to successively mesh with a 
corresponding scries on the dnven shaft. Another 
form of gear used by a number of makers is the 
“ Sun and Planet,” or epioyclic change gear—a type 
which offeramany adt antages, and which probably has 
a great future before it. There are three main types 
of power transmission in common use : the parallel 
drive, in which the axes of motor shaft, countershaft, 
and road wheels are parallel and connected by orrli' 
nary spur gearing or by chains; the “ Panhard " 
tjtpe, in which the motor shaft is at i^ht angles to 
the road wheel axle, and the transmission is effected 
first by a bevel drive on a sprocket shaft, and then 
by ch^n drive to the road wheels (fig. 3 and fig, 4); 
and the direct right angle, drive, in which the motor 
is arranged as on the “ Panhard ” system, but the 
bevel drive is located on the road wheel axle, and 
the transmission carried across the suspension by 
a jointed coupling shaft (fig. 6). A variation in 
this system is the now well known worm drive. 
Pneumatic tyres are almost universally used on 
the passenger types of car. See TTRSa. The only 
features of a steam car to which special allusion 
need be made are the petroleum burner and boiler. 
1'he petroleum burner in principle Is extremely 
simple, the oil being led through a pipe W tortaoue 
pa.ssage heated by the burner itself, whereby tlm 
oil is gasified. It then passes to the burner nmole, 
where it escapes under pressure, and, mlidng with 
the air necessary for Its complete oomlmstion, 
passes into the bomex proper, where the combnarion, 




Fig. 8—CsAiN Dkivxn Motoa Cab (Buc\AXiON). 



Fig, 4 .~Cuain Dbitek Motob Car. 



Fig. 6.—A CaAiNi.iE88 HoTOR Oar. 
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if perfect, takes place witii a blue flame, as in 
the ordinary Bunsen or atmospheric gas burner. 
The steam boilers in use consist in the main of two 
classes. The oidinarj boiler is of the multitubular 
*'fire tube” type, and is commonly arranged with 
vertical tubes, the boiler shell consisting of a cylin¬ 
drical drum, the ends of the cylinder forming the 
tube plates. The “ locomobile ” boiler may be taken 
as typical. Special designs of “ tt'ater tube ” boiler 
also are employed. Another boiler of considerable 
promise is the type known as the “ flash ’’ boiler, con¬ 
sisting of a tube of great length and very small 
capacity, in which the water is converted into steam 
as fast as it is injected. In these boilers the pro¬ 
duction of steam is controlled by catting off or 
turning on the supply of water to the boiler, simul¬ 
taneous control l^ing exercised on the burner by 
which it is heated. The “ Serpollct ” may be taken 
as typical of this class, of which it is unquestionably 
the leading representative. See Boil£Bs. In all 
types of vehicle an efficient brake is a vital necessity. 
The only satisfactory forms of brake have metal on 
•metal friction suriace-s, an exception being the tyre 
brakes of slow moving heavy vehicles, where woo<l 
blocks are successfully employed. The most gener¬ 
ally used classes of brake are the intenial and ex¬ 
ternal varieties of band brake on drums lifted to the 
road w'heels; the 
lever and block 
brakes, and cone 
brakes, as fitted to 
the transmission 
shaft (fig. 6); also 
certain disc varieties 
are sometimes em¬ 
ployed. The par¬ 
ticular type of brake 
is not so imxjortant 
as its soundness of 
design and material. 

Under the Liglit 
Locomotives Act all 
cars most be fitted 
with two indepen¬ 
dent brakes, and this 
has become the nni- 
versal practice. 

Some makers ad¬ 
vocate the fitting of a third or reserve brake, but 
this is quite unnecessary on a well constructed 
machine. 

Motor Cycles. The main parts of a typical motor 
bicycle aie clearly shown in the illustration (given | 
by permission of the Temple Press). ITie frame in j 
tMs case is somewhat different from that of an j 
ordinary bicycle, but in certain types of machine ! 
the form of the latter is adhered to more clo.scly. , 
In all cases, however, the wl ole structure (iraine, ! 
wheels, tyres, brake, etc.) is greatly stren^bened ! 
by means of heavier tubing and lugs, the front forks ( 
and head being provided with additional membtus, j 
if necessary. The back forks arc made sufficiently j 
wide to allow of the addition of a driving rim | 
and to provide clearance for the belt K, by whic'h i 
the power is conveyed from the pulley on the ; 
axle of the engine to the back wheel, ll'ith those ; 
exceptions the machine follows the type of the : 
ordinary cycle. The engine itself is a single cylin¬ 
der petrol engine of ordinarj' type. Sec Petrol ; 
Ekgisb. a is the cylinder, bolted to the crank i 
chamber, which is secured by lugs L to the frame. 
Above the engine is placed a case b, which contains I 


a tank for the petrol, another for lubricating oil, and 
a compartment for the accumulators and induction 
coil. Petrol flows from the tank through a tube of 
narrow bora to the Spray CABBtmJBTToa (j.o.) o; 



Fi&. 6.— The ••Ai.BroN'" Propeller 
S ti&PT Drake. 



Motor Cvole. 

A, Cylinder. i, I«Ter for adrancing tbe 

H, Tanka. apark. 

c, Carburettor. j, Puiup for lubricating oil. 

I), Inlet Pi))e. K, Driving Dc.'t. 

E, Silencer. l, f.nip-. 

r, Exhiinat Viilve Chamber, m. Hod for lifting exhauet valve. 
G, Exhauat Lifter. s, UaoUle Switch, 

n, Contact Droakor. o. Plug Switch. 

from this tube the gas flows through the pipe D, 
and enters the cylinder by au Inlet Valve (not 
visible in the figure). The exhaust gases (products 
of combustion) leave the cylinder by an Exhaust 
Valve in the chamber F, and pa.s.s through another 
pijie to the SiLEN’CER £. Tlie exhaust talve can be 
lifted when required by a lever u, actuated by a 
rod M. The current flowing through the primary ol 
the induction coil is interrupted by a CONTACT 
Bbeakeb in tbe t h.'imber u ; this contact breaker is 
actuated by the Half Speed Shaft. The time at 
which the R|mik occurs can be controlled within 
certain limits by “advancing the spark”; this opera¬ 
tion is effected by turn mg the contact breaker 
through an angle by means of the lever and rod I. 
Lubricating oil is sapidied to tlie engine when re¬ 
quired by means ijf a small pump J, w'orked by hand. 
The engine can be stopped by cutting off the current 
entirely ; for ihis purpose two Switches arc included 
in the primary circuit; one is usually oontainul in 
a handle N of the machine, atid is oponited by 
turning the handle half round; the other is a Plug 
Switch o, w'hich is closed by the insertion of a 
small brass plug, easily carried in thi- pocket when 
the rider has dismounted, and wishes to ensure that 
the current from tlie accumulators is not wasted or 
the current improfjerly startecl. The details and 
methml of action of the engine are dealt with under 
Gas Ekcjine, Oil Engine, and Petrol Engine; 
but the piinciplcs involved may be summarised as 
follows;— A supply of petrol sufilcient for one charge 
is drawn into the Cakbubettob c, where it is 
volatilised and mixed with air to form an explosive 
vapour, and is drawn into the cylinder chamber, 
which it fills as the piston descends. On the piston 
rising both valves clo.se, and, there being no escape, 
the "mixture” (as the air and petrol vapour is 
termed) is highly com])Tessed,i.c.to a tliird or quarter 
of its original volume. At this point it is fired by 
the Kpabkino Plu<;, the vital "heart” of the 
machine. This emits the spark which fires the 
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charge (intwnal ezploeloQ), and gives motion to 
the whole machine bj the explosive power thereby 
exercised. The sparking ping is a porcelain cylinder 
or tube surrounded by a metal sleeve nut, which 
makes a gas tight joint; the connecting wire passes 
through the plug, the sparking joint being within 
the explosion chamber. At the outer or flat end the 
end of the wire is bent at right angles, and at of 
an inch from it is a corresponding wire connected 
with the metal shell, and therefore with the frame of 
the machine which is used to convey the return 
circuit. The spark jumps over the small space between 
the joints. On the side of the engine opi)osite to 
the pulley is a short shaft, the half speed shaft, 
rotating at one half the speed of the crank shaft. 
This operates the exhaust valve (or exhaust and inlet 
valves) and also the contact breaker, an electrical 
device which is made in various patterns, Init mainly 
of either WJPB or Makb and IJkeak contact. It 
consists of a very small, light, flexible steel spring. 
Midway there is a tiny platiniuu disc; on the other 
end either a V projection or other device to engine 
the eccentric of the revolving cam. Aliove the disc 
is a corresponding platinum stud at the end of a 
screw, which forms the terminal of the electric wire. 
The spring vibrates at high speed; each time the 
discs are separated the current is broken, and the 
spark thereby produced within the cylinder. When 
the explosion has driven the piston to the bottom of 
the cylinder, the inlet valve close.®, and the exhaust 
valve opens. The spent gas is swept out as the 
piston rises. The chamber is now omi>ty, the piston 
descends, the exhaust valve closes, the inlet valve 
opens, and the next charge is sneked through the 
carburettor into the chamber. The piston now rises 
again, and the gas i.s compressed; the charge is fired, 
and so the process goes on at the high r-ate of 
1,.5(X) to 2,(KX) revolutions of the engine per minute— 
two revolutions (four motions) to each explosion. 
The spent gas [Kisses from the exbnn.st valve into 
the silencer, a cluimber which serves to deaden the 
sound. Without this device—i-e. witli a “ free port ” 
to the exhaust valve—the noise created by the ex¬ 
plosions would be deafening. There are many forms 
of silencer : in most of them the burnt pas is 
discharged close to the ground. Magneto I(}NITIon 
is an alternative system of firing the charge; the 
current is produced from the engine by a small 
magneto machine (a simple form of dynamo with 
permanent field magnets). A special form of .spark¬ 
ing plug is used in the “ low tension ” system, as this 
method of ignition is termed. The device causes 
noise and friction, and uses up energy; but neither 
coil nor battery is needed. Horse Power (ex¬ 
pressed h.p.) varies considerably: IJ h.p. is the 
standard for onlinary roadster touring single bicycles, 
but 2 to 2§ and even higher [lowers are used by 
expert riders. High power means great speed, more 
danger, and greater cost. The Tricars, where per¬ 
manent provifflon is made for a passenger, and per¬ 
haps luggage, generally have 3 h.p. On the path, 
for pacing in races, French riders use 10, 12, and 
even 14 h.p. on a single or tandem bicycle. The 
Engine, although generally vertical, i.s sometimes 
placed at various angles, or even horizontally, as 
the maker considers most effective. The Driving 
Power may be communicated in several ways: 
(1) Belt. (2) Chain. (3) Goar. Tlie belt is either: 
(a) flat leather strap; (i) twisted hide, which 
can be further twisted to tighten; or (e) a V 
built w and fiat bottomed, so as to better grip the 
V or tJ pulley. The Chain is not nearly so much 


used as the belt, but is increasing in favour. The 
Gear Drive is being introduced in soRte oases £ 
the power is transmitted frmn the engine through. 
gearing somewhat analogous to that used in motor 
cars. Gearing Down: Owing to the high speed 
of the engine, the driving is from a small pultey 
on the motor axle to a pulley four, five, or su 
times the size, otherwise the speed would be too 
great. In racers the ratio is reduced from one to 
two and a half. Some macliines (such as the Bat} 
have no pedals, and the rider is dependent entirely 
on his engine. In most cases, however, pedals 
(always “ free wheel ”) are employed, and are useful 
in helping the motor up a stiff bill, or for exercise 
when the rider has become cold or cramped. Lubri¬ 
cation is effected by the .small pump j, above men¬ 
tioned, placed within easy reach of uie rider. Only 
a s])ecial and heavy product of vaseline for air cooled 
motors can be used; an ordinary oil would be burnt 
np by the great heat. A few sti'okes of the pump 
force the lubricant into the crank case and other 
required points. The electric current should be fre¬ 
quently tested and the Imtteiy recharged, as if it 
runs out the rider is helpless. Indeed, the three 
non-mechanical essentials—the battery, the petrol 
supply, and the lubricant—should be carefully 
watched. Vibeatjos is the great drawback of 
motor cycling. A mncli larger and easier saddle is 
required than in the case of the ordinary cycle. 
Biiring sarldlc pillars have been introduced; in the 
Bat the seat pillar is isolated from the machine by 
coil springs, with resnltant comfort to the rider. 
The handle bars communicate great vibration, to 
obviate which the Quadrant Company fit a most 
effective double fork, whicli absorbs a great portion 
of the vibratioe, the consequence being that the arms 
and hands do not get tire^ as with a rigid machine. 
Various attemiits have been made to produce a 
detitcliable motor which can be fitted to an ordinary 
cycle. One of the late.st is due to W. S. Simpson, 
and can, with but little alteration, be add^ to 
existing bicycles, llie motor and its equipment aie 
carried on a frame on tubular shafts, which extend 
from the axle of the rear wheel backwards, looping 
round the wheel, with a second loop extending 
towards the ground; this latter carries the engine, 
which is also supported by a castor wheel at the 
rear. As the motor possesses a certain amount fef 
vertical “play," it rides easily behind the machine, 
wluch it propels by a chain. Extra large petrol 
tanks (cafiaciky for 100 miles) are carried on the 
shafts. Control from the handle bar is effected by 
Bowden wire connections, and any typo of motor may 
be used. The machine answers capit^ly, and is of 
particular value to ladies, as there is no extra machi¬ 
nery, oil, heat, or complication to interfere with the 
dre.ss. Vibration is almost annulled, and the motor 
can be readily detached when required. Additional 
Attachments to Motor Ctcles: The anjrage 
motor cycle is strong enough to carry an extra load 
or passenger. There are three principal forms of 
attachment: (1) Trailer: A small two wheeled 
“ bath chair” wicker scat trailed behind the motor; 
it is practically extinct. (2) Sidecar, with one 
wheel, the other side being attached to the motor 
cycle frame; it brings the passenger alongside the 
driver, and is much the most companionable form. 
(3) Forecab: The front wheel of the bk^cle is 
removed, and the steering pillar fits on behind the 
axle of a light two wheeled chair seat, which is 
secured by side tubes, etc., to the bicycle. It gives 
a seat immediately in front of the driver, and is the 
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most poralai and effective form of passenger device. 
Othbb Fobus of Motob Cfolb OB CroLE Cabs : 
Correctly apeokiog, a cycle is “a wheeled vehicle 
propelled by the motion of the feet," and the motor 
me^y an addition thereto; but the tendency is to 
make motor “ cycles ” without pedals, more particu¬ 
larly tricycles and quads (four wheelers). Many of 
these are built with permanent seats for a passenger. 
The arrangements of the motor tricycle and qiiadri- 
cycle differ from the bicycle chiefly in the following 
points: (1) Hie engine is fixed close to the back 
axle, to which the power is transmitted from the 
crank shaft by a train of geai’ w'heels. (2) The 
cylinder is usually “water cooleti" (g.r.) These 
arrangements introduce extra complications, which 
cause a well made motor cycle with three or four 
wheels to be almost as elaborate in its mechanism, 
and therefore nearly as expensive, as a small light 
oar. On this account the distinction between the car 
and the motor cycle now tends to become more 
marked than ever, I’be tricycle and quadricycle are 
disappearing, haring been displaced by the Tbicab. 
This typo, a direct development of the motor bicycle 
(as distinguished from the motor tricycle), is coming 
more and more into favour. The best known, and 
fuactically the originator of the type, is the Trimo. 
It retains, however, the motor bicycle type as a liasis 
(pedals being ret.iined), and to this form (or that of 
a tricycle) it can be restored with a little alteration. 
In the more elaborate patterns t^c Inidy is hung on 
C carriage springs. A free engine is fitted with two 
speeds end a clulch, which can be slipped after the 
rider and pas.senger are mounted, thereby starting 
the machine.—H. H. G. 

Motor Dynamo ^Elect. Eng.) An electric motor 
combined with a dynamo. The former is actuated 
by an electric current and drives the dynamo, which 
prodnoes a second current differing from the first in 
voltage, etc. An alternating current may be changed 
to a direct current, or vice versa, or a high voltage 
continuous current transformed to a low voltage one 
by this means. 

Motor—Oil« Petrol, Spirit (Eng.) See Petbol 
Enqike, etc. 

Motors, Electric. The direct or alternating cur- 
imit dynamo can, instead of converting mechanical 
into electrical energy, perform the reverse process 
without any change in its mechanical construction 
or electrical connections. It is then termed an 
Elboibohotob. Rotatory motion due to electro¬ 
magnetic action was first produced by Faraday in 
1831, closely foUowed by Salvatore del Negro and 
Pixii. Other pioneers in direct current motor de¬ 
velopment were Jacobi, Paemotti, Gramme, and 
Hiemens. In 1873 the first public electric ix)wer 
transmission scheme was shown at the Vienna 
Exhibition, when two similar Gramme machines 
w«re used—one as the generator, the otlier as the 
motor, the distance between the two bemg a bare 
third *of a mile. The first alternating current 
polyphase motor was made by Bailey in 1879, 
Depres and Ferraris almost simultaneously follow¬ 
ing up this method of power conversion. Whenever 
two sets • of lines of force (q.v.) or -separately 
generated magnetic fields occupy a common zone, 
a tendency exists for the linew to so alter tlieir 
paths that as many lines as possible shall coincide 
in direction, each field being therefore distorted 
from its natural arrangement. This mutual dis¬ 
tortion sets up a recovering stress which is imparted 


to the mi^et or ouitent ouiying ooil produoii^ the 
field, the effect of which is a tendency to motion in 
the material substanoe employed. When one or boib 
of the fields are due to a ourrent fiowing In a oon> 
doctor, the tendency to motion of each wire is at 
right angles to the direction of the field acting on 
it, and also to the direction of fiow of ourrent in 
it. A ooil (fig. 1), pivoted on axis xx, having a 



current flowing round it in the direction shown, 
and placed in a magnotic field shown by the 
long straight arrows, will rotate in the direction 
of the large curved arrow until the lines of force 
developed by the current in the coil coincide with 
the direction of the field. If the current direction 
were reversed, the coil, if moved out of its position 
of equilibrium, would tend to move through a semi¬ 
circle to a fre.sh position of rest. A direct current 
motor o.ssentially consists of a collection of such 
coils arranged cylindrically and previdod with a 
current reverser or Comml'tatob, the brushes being 
so placed that all the current carrying coils assist 
each other in prcslucing continuous rotatory motion. 
During such motion the conductors out the lines of 
force of the field, ])roducing a counter electromotive 
force, and constancy of rotation is obtained when 
this back electromotive force, plus the volts lost in 
arntature resistance, equal tbe voltage of supply to 
the armature. The commercial efiiciency of a motor 
is (the ratio of the mechanical output (= 2ir«T foot 
pounds per minute, where n. » revolutions perminute, 
T = Tobque (i/.r.) or twist on the armatore in pound 

cv 

feet) to the electrical in-put (—ijrjg* where c ■» 

current supplied to the motor, V voltago of 
supply). Thu> ratio is usually expressed as a per¬ 
centage. The full load efticienoy of direct or 
alternating current motors varies from 95 to 70 per 
cent., according to size, speed, and condition of 
working. The losses arc due to friction of bear¬ 
ings, and, in some t.v]^)cs, of brushes; air friction 
or “ windage ”; magnetic hysteresis (q.v.) in the iron 
parts; local eddy or Foucault currents (q.v.) in the 
conductors, and heat leases on the conductors. The 
torque is equal to the product of the aveit^e thrust 
in pounds on the armature conductors and the radius 
of these conductors iti feet from the centre of the 
shaft. Modem continuous current motors, precisely 
like continuous current dynamo^T have revolving 
armatures and fixed fields. The field may be in 
series or shunt to the armature, and, compound Or 
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dUCerentiall]^ woood Wotors «te jometiimes, though 
hot often, ated where great consumey of sp^ la 
aeaired. She Dykavos. Where a high starting 
torque le required U.g. In traction work) a series 
motor is emfkkiyed. On tramway systems the modem 
motor is a four pole, series motor wound for 600 volt 
oirenits and thoroughly waterproofed. A series motor 
will not ran at constant speed with varying load, and 
most be eontinnally regulated by a “ controller " or 
band operated switdx resistance. A shunt motor, if 
of small armature resistance and strong field, will 
give an almost constant speed witli varying loads, 
and hence needs little manual control beyond start¬ 
ing and stopping. In starting a series or shunt motor 
a Bthpped KaaiaTAHCi: iqx.) must be placed in series 
with the armature to avoid an excessive rush of current. 
Beference is made in the article on dynamos to the 
necessfty of giving a forward learl to the brushes. 
In a motor the lead is backward, as the armature 
current flows in an opposite direction with respect to 
the field to that in a dynamo. Modern practice is in 
favour of using multipolar in preference to bipolar 
machines, except for very small outputs. Two 
alternators cannot be run as generators in serle.s 
unless mechanically coupled, for if they become 
ever so slightly out of pliase the resulting current 
retards the I^ging machine by throwing work into 
it, and accelerates the leading one, until they fall 
Into complete opposition of phase, one driving the 
other; hence one bi'comes a generator, the other a 
motor. Ihere is no difference in thd (construction of a 
synchronous alternating current generator and motor, 
these being reversible simply by tbo conditions of 
loading. This applies alike to }>oly])Uase and single 
phase alternators. The description of these alterna¬ 
tors {tee DvnAMO) therefore av)plics to such motors. 
In order to connect this type of motor to an alternat¬ 
ing current supply it must be “synchronised,” i.e. 
it must not be switched on to the mains until its 
frequency, terminal voltage, and phase arc idmitical 
with that of the supply. A separate direct current 
supply is necessary to excite tlie field magnets of tlio 
alternator unless a special commutating device is 
mounted on the shaft, whereby a portion of the 
current thus rectified can be shunted through the 
field, as In the case of a rotary converter. Let a 
ring of soft iron be continuously wound with a coil 
(fig. 2), having four tappings (or points at which 
it is connected to ex¬ 
ternal conductors), and 
two independent alter¬ 
nating currents, of the 
same frequency, but 
differing in phase by a 
quarter |?eri^, be led 
into the winding by 
tappings AB and cb 
respectively. When 
circuit AB has its maxi¬ 
mum current, that in 
OS will be nil. At 
this instant a zone of 
magnetism is set up of 
general direction cs. A quarter period later a 
zone is set up of direction ab. Between these 
times one zone dies out as the current diminishes, 
the other zone increasing. These combine to 
form a resultant zone shifting in direction from 
OO to AB, This continues throughout the period, 
and we get a rotating field due to the stationary 
or Statob windings. If, now, a bundle of short 
olrouited oonduotews be plac^ within this ring, 


-currentB are induced due to the onttin^ of doe- 
dttotmu by tlie lines of force. These cnrreiits'la 
their turn set up magnetic fields. If the otcRoaW' 
lag behind the impressed eleotrometive torMe' dno 
to the cutting, the induced fields lag bebtod tte 
inducing field. There will be a constant eSsO^ ^ot 
the induced field to align itself with the indttciag 
field, which effort is transmitted to the substanoa w 
the conductors, and rotation ensues. This is the 
principle of the Polyphase Ihductioh Motob, and 
can be applied to any number of phases. In laigo 
commercial machines the revolving (or rotor) win^ 
ings are usually grouped systematically, and have 
facilities for connection to external resikances for. 
use in starting. Tlie same principle may be applied 
to single phase currents by placing circuits AB. op, 
in parallel on the supply mains, but feeding, say, AB 
through a non-inductive resistance and CD through 
a highly inductive coU. The phase CD is thereby 
retarded behind that of AB, and a rotating field 
produced. Full speed having been obtained, this 
starting device or Phase Sputteb may be cut out 
of action, the machine continuing running by its 
internal reactions. To increase the effect tue rotor 
conductors are embedded in iron. In order to ensure 
efficiency, the.iron employed both in stator rotor 
must lie of the softest desoriptiun and well lanunated, 
and the gap between the fixed and rotating parts 
roust be as small as practicable. The efficiency ^ 
these machines is not so high as that of synchronous 
motors of the same output, as, owing to the high 
inductance of the iron circuits, heavy lading currents 
occur, causing much beat waste. A recent type of 
! alternate current motor is the repulsion motor, which 
j is similar in construction to a direct current motor, 
with the exception that the field is made of laminated 
iron having an alternating current passed through it 
from the mains. The brushes, wiiich are placed 
at an angle from tlieir neutral position, are short 
circuited. The closed circuit thus form^ produces 
a magnetic flux at an angle to the main flux of the 
field. By the effort of this flux to align itself with 
that of the field, the conductors under the bfwh are 
dragg^ round, and as fresh conductors continually 
come into position the rotation is continuous. When 
the motor is up to speed the brushes may be lifted, 
the motor then running as a single phase induction, 
machine. The same effect is produced by “ shading** 
part of the (laminated) polar projections of an 
alternating current electromagnet by sheets of 
copper, producing a lag of phase in tins portion of 
the field due to the eddy currents, and so produc¬ 
ing a shifting zone of nmgnetisation. An ordinary 
induction machine rotor is used.—J. A. S. 

Motor Spirit. See Petbol, etc. 

Mottled Soaps. A domestic soap, mostly of a 
common grade, which possesses a mottled appearance 
not unlike marble, such as white with blue veins or 
grey with darker grey vein.s. Mottled soaps are now 
not much used in England, but large quantifies are 
exported to the Colonies and elsewhere. 

Motto {Her.) A pithy sentence or even a single 
word appended to an escutcheon. Sometimes it is 
a punning device; e.g. the motto of thh Vmtion 
Barcourts is Ver mm eemper viret. 

Mould. The matrix in which an object is cast, 
and from which it receives its form. SeeQjt&T', Lost 
Wax Pboobss. 
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MmU iCevrp. and Join.) A thin piece of wood or 
nnc cat to suape (profile), eerving as a template 
or guide in cutting scrolls, hwdrails, or other 
curved work. 

- (^Ibundry). The hollow space into which 

liquid metal is poured in order to produce a casting. 
Moulds are made of sand and loam for iron, steel, or 
brass castings; but they may be of some metal when 
castings are required in lead, pewter, or similar 
fusible alloys. 

— {Paper Manvfao.) A wire cloth fixed to a 
wooden frame, used for making paper by band. 

- {Plait.) A template or piece of zinc cut out 

the reverse of ^e profile of a moulding to be run in 
{fiaster. 

Moolden {Foundry). The workmen in the 
foundry who make the moulds, cores, etc., by means 
of the patterns and core boxes supplied by the 
pattern makers. 

Mould, Formation of ( &eol.) This is due almost 
entirely to the combined effects arising from the 
action of various chemical, organic, and physical 
changes affecting rocks at a short, distance below the 
surface of the land. One of the most potent canses 
of change is that set up by bacteria, wliich convert 
dead vegetable matter into the humus acids, solutions 
of which, in their turn, dissolve many of the rock 
constituents, and thus lielp to convert the residue to 
a pliable state capable of easy transport by the wind. 
Worms may perform a share of the work. 

Moulding {Arrhitect., etc.) A generic term applied 
to the various contours or sectional outlines of such 
features as string courses, cornices, plinths, bases, 
capitals, door and window jambs, arches, etc. See 
Astbaqal, Bead, Tokus, Fillet, Cyma, Cavktto, 

OVOLO, SCOTIA, BOWTELL, EOLL MOULDING, and 

fiCBOLL Moulding. 

- {Ftmnd/ry). The formatiomof Moulds {q.v.) 

This operation is carried on either by the use of 
patterns {q.v.) or in certain cases by shaping or 
striking the mould in loam by means of LOAH 

Boabds <y.«.) 

Monlding Box. The iron frame holding the sand 
in which moulds are formed; often termed a Fl<abk. 

Moulding Ontter {Ca^.) A revolving cutter, 
whose prome is formed into a shape the reverse of 
s moulding wUcb has to be cut. It is attached to a 
qnndle rotated at a high speed by power. 

Iietters. Metal letters used for pro¬ 
ducing ^e mould for casting letters on name plates, 
etc., instead of actually cutting the letters on the 
pattmm. 

pfAithina {Fnmdry). Mechanism used 
for pnSducing comparatively 6im]^e moulds, of which 
a number are required all alike. Moulds for cast 
wheels are conveniently made by me&na of moulding 
machines, and a complete pattern is' not required. 

Munnd {JTer.) See Mondb. 

Monnt {Ser.) A tump or hillock at the base of a 
shield, generally vert. 

Mountain Ohaini. A geographical term that is 
often applied to any group of mountains which 


happen to occur more or less in line with each other, 
whether they are due to terrestrial uplifts formed 
under the same conditiems or not. Most typical 
mountain chains are, like the Andes, great surface 
wrinkles, primarily due to movements of the Eaith'a 
crust, ana are correlative to adjacent zones of 
depression. 

Mountain Cork {Min.) A loose porous variety of 
Amphibole {q.v.) It is often so light as to float on 
water; it occurs in fissures in rocks which have had 
some of their ferromagnesian silicates decomposed. 

Mountain MeaL A synonym for Eieselgubr. See 
Diatom. 

Mountain Railways {Civil Eng.) A term pro¬ 
perly restricted to lines on which the adhesion of 
the locomotive wheels to the rails is insufficient to 
propel the train, necessitating the use of other means. 
These other means are usually a CABLE {q.v.), some 
form of Rack, or a central rail gripped by hori¬ 
zontal wheels on the locomotive, as in the Fell 
Railway (Mont (.'enis, etc.) The rack systems in¬ 
clude the Laddeb Rack, formed of bars (Mount 
Washington, U.S.A.); IxiCKEB Rack (Pilatns), in 
which the teeth arc on two sides of a central rail and 
the lootlied wheels gearing witlj them are horizontal; 
Flat Bab Rack (St. Eilcro, ll.ily); and Abt Rack, 
with two (or throe) fiat racks side by side, their 
teeth being arranged stepwise, so as not to come in 
line with each other (Hartz Itlountain Railway). The 
Abt Rack appears to lx' the most satisfactory of all 
these systems. See alto Railways. 

Mounting! {Eng.) A general term for the small 
parts that arc added to a machine, etc., when tlie 
main parts arc complete; especially the fittings 
added to a boiler after the shell leaves the hands of 
the boilermakers. 

Mount Sorel Granite. See Building Stones. 

Mounture {Silk Manvfae.) A figured harness 
composed of cotton or linen thread, boilt up to and 
connected with the Jacquard machine in such a way 
as to operate on the warp threads either singly or by 
sections. 

Mouse Mill {Elect.) A simple form of electrical 
indnetiou machine; used in charging the needle of 
a quadrant electrometer. 

Mouse Roller {Print.) A small roller connected 
with tlic inking arrangements of printing machines 
of the Minerva pattern ; used for distributing the 
ink evenly on the disc. 

Moutitpieoe {Mmic). That part of wind instru¬ 
ments which is applied to the lips. There are three 
kinds: (1) reed, as in the clarionet or bassoon; (2) 
cupped, as in tJie trumpet; (3) a hole, as in the 
flute. See Musical Inbtbumentb (Wind). 

Moyable {^P^-) E term applied to type in 
order to distinguish it from stereotype, electrotype, 
etc. 

MoTUble Bridges {CivU Eng.) Those embrace 
Floating, Swing, Xbavebsino, Lift, and Bascule 
Bbiogbb {q.v.) 
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lIoTaUe Do (^Mtuie). A term applied to the 
Tonio Sol-Fa ayatem, in which the keynote is always 
called Do. The movable Do ia the essential charac- 
terirtic of the modem or Tonic Sol-Fa system, as 
distinguished from the older system, in which the 
term Do is applied only to the note C (Fixed Do). 
See aUo Tonic Sol-Fa. 


HeyaUe WoIm {Oivil Ettg.") Weirs which can 
be adjusted in height or entirely removed during 
floods, etc. They include Frame, Shotteb. and 
Dbom Wbibs iq.v.) 


HoYement (Muele). A section of a larger work, 
such as a sonata. Each section or movement is 
complete in itself as to form, although each move¬ 
ment should have a connection with the whole work. 

MB. An abbreviation of the word “ manuscript.” 
MS. ia generally termed “ copy ” (?.».) by printers. 

M.S. (Mitfic). The left hand; the letters .standing 
for the Italian Man, Sinijttra. The eijnivalent in 
English is L.H.. and in French M.(J {Main Ganche). 

MBS. An abbreviation of the word “ manuscripts.’’ 


Mode Acid (mem.), COOII. CHOH . CHOH . 
CHOH. CHOH. COOII. Small white rhombic prisms; 
melts with decomposition at 210°; sparingly soluble in 
cold water; more soluble in hot. water ; insoluble in 
alcohol. Prolonged boiling with- writer converts it 
into a soluble lactone (g.r.) (paramucic acid). 
Heated with pyridine it is (sonverted into a stereo- 
isomeric *oid (allomucic acid). Heated with a 
mixture of concentrated hydrochlnric and bydro- 
brumic acids it yields a, a'-furfnrane dicarboxylio acid, 

C HOH . CHOH. COOH CH = 0. COOII 
I = j >0 -I- 3H*0 

CHOH . CHOH . COOH CH = ('. CO<)H 
which loses CO^ on heating, forming pyroinucic acid, 
CH = C. COOH 

I ^ O • Ammonium mucate on heating 
CH = CH 

CH = CH 

yields pvrrol, | ^NH. Heated with barium 

CH=CH 


sulphide, mucic acid yields a-thiophene carboxylic 
CH = C.rOOH 
acid, I S b. 

CH = CH 


The acid is obtained by oxidation of many kinds of 
gum, and by oxidation of dulcite, galactose, and 
lactose. The formula shows the acid to contain four 
asymmetric carbon atoms; it should exist therefore 
in ten stereoisomeric forms. Ordinaiy mucic acid 
and allomucic acid have the configurations 


COOH 

1 

COOH 

HO—C—H 

1 

1 

H—C—OH 

HO—C—H 

1 

1 

HO—r—H 

HO-C—H 

1 

1 

HO—(Lh 

HO—^H 

1 

1 

H—0—OH 

COOH 

1 

COOH 

All(»iiuoic Acid. 

Muoic A(dd. 


(Botli tbeM u« inactive.) 


Mudav (Botany). An Indian tree, CaletropU 
gigMttea (order, Atelopiadaoea), whose baat flluca 
form ^uod material for cordage. The down on 
seeds is used for stuffing enshions. 

Mnd Box (Eng.) A cavity provided in pumps, etc., 
to serve as a mud trap, t.s. to stop mud and gnt from 
entering the valves. 

Mnd Backet (Eng.) The backet of a dredger, i,e. 
the part which actually scoops up the mud. 

Mnd fiuarda ( Cycles). Hade of thin iron, steel, 
leather, or celluloid. They should prevent mud from 
reaching the running parts of the machine, as well as 
keep it from the rider. 

Mud Hole ( Eng.) A door or hole near the bottom 
of a boiler or tank by means of which mud and sedi¬ 
ment can be removed. 

Mnd Hole Door (Eng.) An elliptical plate, fitting 
a seating or muci hole of the same form, in boilers, 
etc. It is passed through the opening, then pulled 
up against its seating, and held fast by a bolt fixed 
to an arch which spans the hole outside the boiler; 
the internal pressure tends still further to keep it 
tiglitly clo-sfed. 

Muds ((vcoJ^.) Clays or other argillaceous matters 
rendered semifluid by admixture with water. In 
addition to the muds of the land, rivers, and lakes, 
there are extensive .submarine deposits which cover 
the ocean floor for many thousands of square miles. 
Most of these are of terrigenous origin. They are 
usually classed as (1) shallow water muds, which 
have been droositedin depths less than 100 fathoms; 
and (2) deep sea muds, which have been left at 
greater depths. These include blue, red, and green 
imids; also volcanic mud, and the calcareous mud 
derived from coral reefs. 

Haflie Furnace (Met., .\ssaying, etc.) A furnace 
resembling an oven, in which cupels (g.®.) or small 
crucibles can be placed to be heated without direct 
contact with the flames or fuel. The actual oven, or 
JluPKLB, is an arch shaped vessel of fireclay. 

Muffler (Motor (Jars). A .Silencer (q.n.) 

Mulberry. Sev. Woods. 

Mule ( Cotto/t Sj/inning). An intermittent spinning 
machine very suitable for medium and fine counts, 
•soft spun yarns, and elastic yams. It consists of 
three main parts: (1) the hcadstock ; (2) draw 
rollers and beams; (3) carriage, which holds from 
KOO to 1,500 spindles placedside by side. The rovings 
are fins^y diawn ont and twisted to the required 
fineness to form the .spnn tlirea/1 of commerce. The 
(hawing and t wisting are done simultaneously, but the 
winding of tlio spun threads on to the spindles is 
performed separately, as the carriage recedes inwMds. 
All sources of motion for the numerous operations 
necessary are obtained from the headstock. Jlules 
are specially constructed for spinning (« ) twist or (b) 
weft in coarse, medium, or fine counts. Sbme ace 
callable of spinning as high as 350 counts. 

Muller {Eaint.) A fiat bottomed pestle for grind¬ 
ing painters' colours; now seldom used. 

Mullet (Her.) A charge formed like a star. It 
has generally five i>oints, and is sometimes repre- 
sentorl pierced or voided. The rays are always 
straight, thus difltering from estoile, whiiffi has wavy 
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smya. If of mot« than five points, the number mast 
be given; this is then generally called a etiar. 
When nsad as a mark of oadimoj it denotes the third 
■on. 

Mnllioa (^Arohiteci.') A vertioal bar separating 
the lights in a Gothic irindow or screen. It is also 
knovm as a Honial or Mnnnion. 

- etc.') The vertical member, of larger 

section than a bar, that divides a window into 
lights. 

SaltiaeUiilaF Yoltmeter (Meet.) See Volt* 
1CBT9B8. 

MnlttfoU {Architect.) A cnsped opening in Gothic 
tracery formed with a large number of foils, or spaces 
between oosps. See Foili, CUSP, ClNQUUt'OlL, and 
QVAntBTOIU 

Hnl^^ase (Hlect. Eng.) See Polyphasb. 

■oltiple Am or Cizenit {Elect.) A number of 
oondnctors arranged in Paballbl {g.v.) 

Mnltij^e Boiler {Eng .) A boiler with a number 
of tubes, i.e. a tubule boiler. 

■nlUple Drilling Machine {Eng.) A machine 
with a number of parallel drilling spindles ; used for 
such work as the simultaneous billing of a numl>cr 
of holes along an iron girder, boiler plate, etc. 

Mhltiple Star {Aetron.) A star which has one 
or more companions physically connected with it. 

Multiple Telegraphy {Elect. Eng.) The simul¬ 
taneous transmission of two (or more) messages along 
a single wire. See alto Tblegbafhy. 

Multiple Threaded Screw {Eng ) A screw with 
two or more <listinct threads or helices. 

Mul^lez Telegraphy {Elect. Eng.) See Mul- 

TIPIiE TBLBGBAPHY. 

Multiplying Power of a Shunt {Elect.) See 

SHUJtT. 

Mundle (Min.) A synonym for Pybites {g.v.) 

MunnioB {Architect.) See MvLLiOK. 

Mnnt or Munting {Carp, and Join.) A vertical 
member dividing the panels between the outside 
styles, e.g. the central vertical part of an ordinary 
panelled door. 

Munis Metad A kind of brass (3 parts 

copper to 2 parts zinc) used for the tubes of surface 
condensers and locomotive boilers, also for sheathing 
wooden ships. 

Mural Cfowd {Her.) The crown is represented as 
made of squared stone, and is embattled. 

Muni Decoration. See Paintivg (Methods), 
CuiB BouiuLi, House Painting, PANEi.LiNO,WAtL 
Fapbbs, W’AiNscoT, Tapestby. 

Murei: {Art). A twisted shell portrayed as a 
horn : a conch. Geneially an attiibutc of tritons, 
etc, 

Mupenide {Chem.) See Uric Acid. 

Moriatie Acid {Chem.) A common name for 
hydrochloric acid {q.v.) 

Murrey or Sanguine (Her.) A tincture used in 
ancient heraldry; a dark brown. 


Maieariae {Chem.) 


1^. ^OH, 

■ 

V ^H,CH 


r) 


A colourless, strongly alkaline, diiBcnltly myat^U*- 
able syrup; very soluble in water and in alcohol; yery 
poisonous. Forms salta with acids, and its aalta ^ve 
precipitates with the alkaloid reagents (y.v.) essept 
iodine in potassium iodide. It oooara in putrid fish 
and in the poisonous fungus called fly agaric; but it 
is doubtful if all the poisonous action of this fungus 
is due to muscarine. Mnscarine bos been olrtained 
artiflcially by the oxidation of ohoUne (y.e.) by nlttio 
acid. The same name, muscarine, bias also been 
applied to a totally different substance—a blue dye. 


CH,\ 

CU,-A 

Cl V 


4 /yV. 7 

N : \ 0,oHsOH 


Musehetors or Mushetoura {Her.) The black 
tail of ermine without the three dots oi spota 
above. 

Muscle Sugar ( Chem.) See IKOSITJL 


MuacoTite {Min. and Oeol.) A hydrous potasslnm 
and alutiiiniam orthosilicate; composition rather 
variable, typically 2H„0. KgO. SAhO,. fiSiOg. Mono- 
symmetric. Usually "in tabular '{Meudo-hexagonal 
crystals with a jjerfeet basal cleavage. One of the 
Mica group (^.r.) Of wide distribution Ik er\iptive 
and metainorpliio rocks.. It is of considerable com¬ 
mercial importance when in large plates, snob as are 
obtained in the United States, Siberia, etc. It is an 
important constituent of most rocks tliat have been 
affected by d\naniic metamorphism, this mineral 
being due to conversion from fragments of potash 
felspar. It occurs, for the same reason, in many 
gneisses .and their related pegmatites. As an 
original constituent of ernpti'. e rotdes it is somewhat 
rare. Being, like quartz, a mineral that js decom¬ 
posed by natural causes only with great difficnlty, 
scales of Mascovite survive most of the changes tliat 
affect other minerals, and it therefore occurs, as a 
derivative mineral, quite commonly in most sand- 
stone.s and allied rocks. 


Musical Box {Mvtic). A cylinder, with pins pro¬ 
truding, which is made to revolve by a Und of 
clockwork spring. In so doing the pins come into 
contact with certain teeth on a steel comb, tuned to 
the scale. Tlie musical box is about a hundred years 
old, and Ls chiefly made in Switzerland. 

Musical InstFument. A sonorous body by means 
of whicli musical sounds are produced. 

Musical Instruments. These may be- divided 
into three classes, viz. (1) Stringed insttnmeuts; 
(2) Wind instruments; (3) Instruments of per- 
cpsion. (1) 8TBINGED Tnstbumhnts are of three 
kinds : (Jl) Played by a Ixjw. This class comprise 
the violin, viola, violoncello, and double bftiw The 
bow consists of a stick, tapering towards the point, 
that has been formed by being regularly bent whilst 
it was subjected to a certain heat for a considerable 
time. Horsehair is attached to the point and head, 
and by m'eans of a screw the hairs can be tightened 
or loosened. Resin is applied to t]ie haira to iocteaee 
the friction on the strings of the instruments. iHie 
present bows were invented by Tourte, a Fiencbman, 
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towards tbe end, of _.. . 
the ei^teenth oen- r""** 
tiuy. The length of 
the bows are: violin 
and viola, 29 in. 
(abcmt) { ^oloncello, 
gg^in. (abcmt); doable 
buss, in. (about). 

(B) Played by tbe 
hsmd, comprising the 
mandoline, gal tar, 
banjo, either, and 
harp, (o) Flayed by 
peroussion, comprising 
tbe pianoforte, dnlei- 
mer, and cymbals. 

(A) The Viouw 
(fiadle) has four 
strings tuned in per- 
feet fifths, thus: 



Ut string 
Snd string 
jCX Srd string 
"O' • string 


fcsir.. 




hair*' 


..Slitk 






—stidi 


screw 

VioMN Bow. Doodle Bass Bow. 


These are called the open notes, and in fingering are 



ciiin* fcri. 


stnng 

wrlbc 

.soundhoie 
bricige 

I 

^ .tuf-pt 


pm 


Fro. 1.—VioUN AMD Parts. 


marked by a small o placed above the notes. It 
a chromatic compass from 

-#3- 

r: 




::zqJicc 



Fro. 2 .—Bridi 


Chords of two, three, or 
four notes are possible if 
judiciously written. The 
illnstrations (figs. 1 and 2) 
show the di&rent parts of 
the violin and the bridge 
on which the strings rest. In orchestral music the 
violins are generally divided into two parts—firsts 
and seconds. Tbe violin is the leading instrament 
in the oroheetra, and principal first violinist is 


KO| 

called tije leader of the orchestra. Two of meet 
celebrated makers of vioUns were Stradivorids ^ 
pupil of Kicbolas Aroafl) and Joseph Cbuuneriltisti 
both of whom lived in the latter ball of the eeveno 
teenth and the beginning of tbe e^ihteenth oentuiiffia 
See Cbbmona. 

The Viola, or Tenob has four 
strings, tuned in perfect fifths, thus : 

U- Utstriog 
2nd string 
Srd string 
"Cr 4tli string 

and has a chromatic compass from 


Fra. A Fro. A 
VioLiM. Vioia. 
ToSccle with V^onesUo 
and Double Ho. 

As on the violin, chords of two, three, or four notes 
are practicable. Music for this instrument, excepting 
the highest notes, is written in the alto stave (vrith 
tbe O clef on the third line). The tone of the viola 
is somewhat nasal, and tbe lower notes are especi¬ 
ally adapted to melodies of an emotional character. 
The viol da ffraeda is the viol to be played supported 
“on the arm," and is virtually the present viola. The 
viol da ffaviba is the viol to be played supported 
“between the knees.” It is now obsolete. There 
were two kinds—the six stringed and tbe seven 
stringed. The tone was lighter and of a more nasal 
character than the present violoncello. The vial 
d’amore is now nearly oteolete. It is about the size 
of the present viola, and has seven gut strings and 
seven sympathetic (resonance) strings, generally 
tuned as follows: 





The Violoncello (Cello) has four strings tuned 
in perfect fifths, thus ; 


ii 


-o- 


— Ist atring 
2nd atring 
Srd atring 
•& 4ttx atring 




being an octave lower than tbe viola. It has a 
chromatic compass from 




.e. 


-o- 


ot even higher. Music for this instrament is written 
on tbe bass stave, excepting tlie higher notes, which 
arc written on the tenor stave (with the C clef on 
the fourth line). Occasionally the treble stave is 
used, and unfortunately when this stove is used some, 
composers have written the notes an octave bigbor 
than they are to be played, whilst others fiaVe 
written the actual notes. Modem composers use 
the treble stave only for tbe highest notes, and write 
the actual sounds. Chords ,>of two, three, or even 
four notes can be played, provided they ore judi¬ 
ciously written. 
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The Double) Bass is of two kinds; the three 
etringoil, tuned thus: 



ZZCi— Irt atring 
—&— 2nd string 
.e^.'.' 8rd string 


or 



and the four stringed, tuned thus: 




— rx— 1st stri^ 

_2nd string 

—r ^—• Srd string 
4th string 


or sometimes 



The lowest string is even tuned down to ('Jjl or Cif 
at rimes. Doable basses in militar}' bands often 
tone to 



in order to facilitate playing in 
flat keys, and in fact the exi- 
genoj of the 
case regulates 
the tuning of 
this in s t r u- 
ment. In all 
cases the com¬ 
pass extends 
to 


with all the 
intermediate 
semitones 
from the low¬ 
est note ac¬ 
cording to 
the tuning. 
Music for the 
double bass is 
written on the 



Fic. 5. 
VlOLOSCELlO. 


PW. 6. 

Three Htkihoeu 
DoI/’rlf. Bass. 

To 8caJo with Violin anU Viola, 
bass stave, and the notes sounded arc an octave 
lower than those written. Double notes are seldom 
written for this instrument, but passages of extreme 
rapidity can be performed with great effect. The 
actual compass of the different strings therefore is: 


J3L 


(B) Mapdolikbs are of two kinds: the Milanese 
and the Neapolitan, the latter being the more 
popular. The Milanese mandoline has five sets of 
double strings (that is, two strings tuned in unison 
to each note), thns- 
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■ Ittitring 
; 2nd string 
' Srd string 
' 4th string 

Stb string 


The Neapolitan mandoline has 
four sets of double strings, tnned 
to the same notes as the violin 
(i/.r.), and has a chromatic 
compass from 



This instrument is played by 
plucking the strings with a 
“ plectrum,” generally made of 
tortoiseshell. In Sir (fcorge 
Grove’s Itietionary of Munir 
and, Miutiria-ns there is j)rinte<l 
a composition for this instru¬ 
ment by Beethoven, and Mozart 
uses it in his Don (tiovanni. 

Chords of two, three, or four 
notes can be played on this in¬ 
strument. 

The Quitab has six strings, tuned thus: 



Neapolitan 

Hakuolinr. 


" JH. 4th string 

-&■ Sth string 

"Cf” Stb string 


the notes sounding an octave lower than written. 
The tone of the guitar is of very sweet quality. It 
is played with the lingers, and from the way chords 
and arpeggios can be effectively performed it is 
specially suited for voice accompaniment This in¬ 
strument has a flat back. 

The Banjo has five, six, or seven strings, tuned 
respectively as follows: 



Five stringsd 



Sth string 
1st string 
2nd string 
Srd string 
4tb string 


Six stringsd 


, 

„ ^ Mil string 

•jP 


J/ 


yV 

u ' " Srd strlne 

^ 4ili •taring 

“C3r Wh string 


BonUs Bsss. Violoncello. Viola. Violin. 

(Sonnding Sts lower.) 

As remarked above, the donble bass lowest mote 
varies. The note gdven as a crotchet is the ordinary 
orchestral upward compa.ss of the second vifflin. 
Tht Uhutratiom tf the violin, viola, cello, and 
ddtbk bate (Jigt. 8, 4, 5, (’■) are to leale. 


Seven stringed 



•O 






- &■ 


TO 


-or 


7th string 
1st string 
2ndstri^ 
8id siring 
4U) string 
6tli string 
Stb string 


In America the inning is a minor third lower. The . 
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flvs fltrisgsd is bjr fw the most popnlar. Its compass 
is from 





se^to^ H ^ The harp is tuned in the key of Cj;, and has seven 

ing an octave lower I I pedals, which raise their respective strings— cb« ub* 

than the notes ■ ■ E7, Fb, ob. hb, B-b— 

written. It is H eithera tone or a semi- 

played either by ■ tone, at the will of the 

plucking the H performer. For this 

strings like a gui- reason it is called the 

tar, or by striking “ double action ” harp, 

them with the back This double action was 

of the nails. The the invention of M. 

highest string Erard, and allows mnsic 

(fifth, sixth, or to be performed in any 

seventh) is called key. Chromatic pas- 

the meuxiy string, sages, unless in very 

and is sometimes slow time, are impos- 

played by striking sible. Chords of two, 

it with a “pick" three, or four riotes can 

made of ivory in- easily be played, especi- 

stead of the back of the thumbnail. Chords ally if not extending 
can easily be played on this instrument. over an octave in cither 

• hand, both of which 

are used to pluck the 
strings. 

(C) The PlANOPOETB 
was introduced into 
England at the begin¬ 
ning of the second half 
of the eighteenth cen¬ 
tury by ZumiH*. Its im- 
ZixiiER. mediate predecessor was 

the IlAJttPSicHOHn, the Eraeb Haas. 

The ZlTBEB consists of a soundii^ box strung strings of which weie plucked by a “quill” This 

with gut, silver wire, and copper strings!. Five of quill was set in motion bv a wooden upright fixed 

these are on a finger board * ^ 

tuned like the viola, ex- --—- . . - 

cepting that tlie first and ^ 

second strings are tuned in . . - — ■ — - r . . .. . ■ .— .. m 

unison to A. The remain- I ___- 

Fm. 1-Krv Actios ok CLAvi^o^r '• ’ 

vary^^ number.^ ’it is Key fulcrum, i. String. 5. Brass tangent. 

played with the fingers of the right hand and with to the key. called a “jack.” The harpsichord was 

both tiiumbs; the right hand thumb wears a silver an improved Spinbt or Vibcjinal. But the oldest 

ri^, with which the live melody strings are struck. of this family of keyed stringed instruments was 

The Hasp is by far the most important of stringeii the Clavichohd, which dates from the early part 

instruments played by the hand. It has a compass of the sixteenth century, and which was the 

favourite instrument played by J. S. Bach. The 


can easily be played on this instrument. 


Five Strisoed 
Banjo. 

thumbnail. Chords 





ZlXllER. 



Fro. 2.—-Kev Action o» Zumpe's Pianokobie. 


1 . Ksyhsd. t. Keyfulcnun. 6 . Hammer. 

3 . Key. 4 . String. 6 . Hammer ahank. 


7. Hammer hingB. 9. Hamper, 

8 . Btioker 10. Damper Hfter. 
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SxpUJtATtotc or Upjuort 
AmioK. 

J. Kav bed. ^ i 

2. Bauneerail. 

S. Baokbeize. 

> 4, Front pin and baixe. 

S. Keyl 

0. BaioaDe mortice and pin. 

7. Prolong leBnlatinsBcrew, 
a Fmlong. 
a Under lerer. 

10. Stietcer. 

11. Sticker ipring and set off 

ami. 

13. Set off batton and rail. 

18. Hanimei' butt. 

'l 14. N'otob. 

/23 15. Hammer centre. 

' la Hamnier beam. 

17. Hammer shank. 
lO/i 18. Hammer head. 

^ 19. Hammer felt. 

30. String. 

21. Be]ietition spring. 

23. Check button. 

28. Check. 

34. Tape tie. 

25. BaWee miring. , 

26. Damiier lifter. 

27. Damper stick. 

28. Damper centre. 

20- Damper spring. 

80. Dnuiiier head. 

81. Dumper felt. 

82. Damiier lifting bar 


Flo. 3.— Kky Amov or a Bboahwoos Upkicht. 

pianoforte has gone through many changes in shape forte. 1 
since its introdnetion. First it was oblong; then great te 
square; then came a “ grand,” which was of the thirty-tv 
shape of the liarpsichord; then the upright, in- stnick b; 
vented by John Isaac Hawkins in 1800, in which the keys 
the strings extended above and below the keys; of felt is 
then came the ** cabinet,” followed by the ** cottage ” against 


piano, bringing ns to tbe two at present in nss, tbft 
“upr%bt" and ** grand." Bpaoe will not aUqw of 
going into tbe many inventions of such famons 
makers as Messrs. Backers, Stodart, Bebastian Biard, 
Blutbner, Pleyel, OoUard, Hopkiuson, Brinsmesd, 
Stoinway, Bechstein, and John Broadwood It Sons. 
The last named firm have been the most intimatedy 
associated witli tlie development of this instrument 
in England since 1732. Fig. 1, is a reproduction of 
the action of the daviohotd; fig. 2, the action of 
Zumpe’s pianoforte, mode in 1766; figs. 3 and i, the 
pre.<iGnt (1904) action of one of Messra Broadwood's 
upright and grand pianofortes. The modem piano¬ 
forte has a chromatic compass from 

8t)s 


—rt o~] 


The lowest eight notes (about) have one string only 
to each note; the next two octaves (about) have two 

* strings, tuned in uni- 
son to each note; and 
~ ? the remainder of the 

notes have three 
strings each, tuned in 
4 unison; for this reason 

dUfkiuht. it is knoTO as the 

“ trichord luano- 
forte. The strings are of steel wire, strung at very 
great tension (the total strain is from sixteen to 
thirty-two tons in a modem pianoforte), and are 
stnick by hammers covered with felt worked from 
the keys. To each string, or set of strings, a damper 
of felt is added, which rests, when tlis key is released, 
against the strings, thus "damping” them and 



1. Kevbed. 

2. Baunoe nil. 

8. Back baixe. 

4. Front aad baixe. 

6. Key. 

6. Balance pin and mortiea. 

7. Pilot acraw. 

5. Stlekar. 


Fio. 4,—Kev AcnoR or a Bsoadwood Qkash. 

Explavatiox or Ghaso Actios. 

9. Sticker centre. 17. Uuniluer head. 

10. Set off arm. 18. Hammer felt. 

11. Set off button. 19. String. 

12. Sticker rent button. 20. llepetltion lever arm. 

18. Not^ cnehion. 21. BejieUtion net offepring. 

14. Hammer fork. 22. Dropecrew. 

15. Hammer centre. 28. Carriage. 

16. Hampier abank. 24. Carriage cestn. 


25. Carriage raQ. 

26. Che^ 

27. Damper tail. 

28. Damper centre. 

29. Damper lifter. 

80. Damper wire. 

81. Damperbead, 

82. Damper faH. 





jBwveptliig t3i«m irom -HbrntlBg. When dampen 
aze abofve tiie point at vhioh the faammen amke 
the atrlnge, It is known as the over*damper action; 
when below the point at which the hammer stiikes 
the strings, as the nnder-damper action: this last 
is somewhat mote quick in its action. Piano¬ 
fortes hare two- or three pedals; if only two, 
that on tiw right is the sustaining pedal (popu¬ 
larly hut erroneously called the loud pedal), which 
when depressed by the foot causes the dampers 
to remain away from the strings, allowing the 
vibraUon of the strings to continue. Its use is 
denoted by the abbreviation "Ped.,” and its re¬ 
lease is denoted by an asterisk. [It may here be 
pointed out that although the passage to be played 
is marked pianissimo, “ Ped.” wonld still stand for 
the right (sustaining) pedal, and not the left.] The 
pedal on the left is indicated by the words una 
eorda, which mean *‘one string.” This is brought 
about by the pedal shifting the action so that the 
hammers strike only one string instead of the three, 
the result being a diminution and remarkable differ¬ 
ence of tone in the sound power. In mculern tri¬ 
chord pianofortes, however, this pedal only shifts 
the action so that the hammers strike two of the 


strings instead of the three. In some instnunents, 
instead of the former action, a strip of felt is 
dropped between the hammers and the strings when 
the left pedal is depressed, giving a muffled tone to 
the sound; this is called a eelexte pedal. A thiwl 
action of this |>eda] shifts the hammers nearer the 
strings; but the same result can as easily be attained 
Y>y playing with less force. The release of the left 
pedal is indicated by the words tre corde, “ three 
strings.” On those instruments which have three 
pedals, the middle one holds the dampers exactly as 
they are when put into u.se, i.e. allowing the vibrs/- 
tion of tliose strings which have the dampers off 
to continue, whilst damping the remainder of the 


strings so 
long as the 
pedal is kept 
depressed. 

The DrrLci- 
hbb: a small 
instrument, in 
no part more 
than 3 ft., 
with awooden 
frame, and 



strung with from two to five wires in nnison to each 
note. Its compass is from about 


-o- 



It is played by laying the instrument on a table or 
trestle and striking the wires with two hammers 
covered with leather, one in each hand. This instm- 
ment, being without dampers to stop the vibration 
of the wires, gives, especially in /orte passages, a 
very oonfnsed combination of sounds. 

The or Czyhbalo : A species of the 

dulcimer fiunily, so called from its bell-like quality 
of heme. It has a oomi^ass of thirty-five notes. 
The lowest note has one strings the next fifteen 
notes have three strings each tuned in unison, and 
the 'lemai&ing nineteen notes have four strings 


each tuned ia unison. ^ is mUeid • good d«nl 
the Hungarian bands. 

WiNB 1K6TAWBHT8 are of four kinds: (1) Those 
played by means of a reed moutt^peoe, comprising the 
clarionets and saxc^hones (which have a si^^ vibrat¬ 
ing reed), and the* oboe, oboe d’amore, oor Anglais 
or corno Inglese, the bassoon, the contra-bassotm 
(doable bassoon), and bagpipes, each having a duulde 
vibrating reed. (2) Those played by means of alatraal 
mouthpiece, comprising the piccolo and fiute. (3) 
Those {^yed by means of a cup shaped mouthtuece, ^ 
comprising the French bom, trumpet, trodiixme, 
comet, flugel horn, tenor horn or saxhorn, baritone, 
euphonium, and bombardon (the last six comprise 
the “ family* of Baxhobns). (4) Those played by 
means of a keyboard, comprising the organ, har¬ 
monium, and concertina. The classifkuttion ** wood ** 
and “ brass” has been avoided, firstly becausf instru¬ 
ments such as the fiute, etc., though often made of 
wood, are also made of metal or ebonite; and, 
secondly, because the saxophone, although a brass 
instrument, is played by means of a iped, gnd so 
cannot stiictly be classed in the same IM as the 
trumpet, etc. In the first three classes of wind instru¬ 
ments the bore of some is cylindrical, that of others 
conical. With regard to the material used in in¬ 
struments such as the flute, etc., it may be said that 
whilst it is more difficult to manufacture a “ true ” 
wooden instrument than one in metal, because of the^ 
liability of tlie wood to alter by warping, in perform¬ 
ance the wooden one is more likely to remain true 
in pitch than the metal, o-wing to the effect produced 
by the heat of the breath. The variation is especially 
noticeable after a fairly long rest, unless the per¬ 
former takes the precaution to keep the instrument 
warm. The Single Bbbd is made from a strip of 
cane, whic.h beats or vibrates against the mouthpiece 
of the instrument. The Double Rbbd consists of 
two strips of cane fastened together. 

(1) The Clabiosbt or Clabinet : An instmment 
of cylindrical bore ending in a bell, played by 
means of a single flat reed held by a double 
band to the mouthpiece. This instrument 
has a greater length in comparison to the 
size of the bore than any other of the 
conveniently termed “ Wood wind ” family 
(flute, oboe, clarionet, and bassoon), and 
this gives it a register of nineteen chro¬ 
matic notes from 





which is called “Chalnmeau”; this is of 
a different quality from the other registers. 

By nsing the same fingering and opening 
the hole at the top <>f the instrument, a 
new series of sounds, a perfect twelfth 
higher, is obtained. In orchestral music 

three clarionets are in use, vis. in C, in sb, 
and in A, but that in C is seldom used 
now, owing to its somewhat hard and 
unsympathetic tone. In military bands 

the clarionet in and others described 
below are in use. With the exception of the chut- 
ionet in C, all these are transposing Instruments, 
i.e. the notes played are different from those writtMk 
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For iiMtaiioe, in a non-transposing instrument, like 
the clarionet in C, the note 



would sound exactly as written; whilst in trans¬ 
posing instruments, like the clarionet in A or the horn 
in B' (siw below), it would give the note by which the 
instrument is known, e.g. 

Note written. Note iioanded by Note soimdotl by 

Cloiionet In A. Horn in F. 



This necessitates the music being written in a key 
that allows for this transposition, and also prefixing 
a direction stating which instrument is to be used, as 

clarionet in A, or clarionet in Eb, etc. The trans¬ 
positions of the clarionets are: 

fib ... . . 1 tone lower. 

A.tones lower. 

Eb.I 5 tones higher. 

The full compass of the clarionet is from 

-o- 

with all the semitones, the actual sound compass 
being as follows: Clarionet in C as given above; 

clarionet in Bb 


JSf. 





Cdarionet in A 



Clarionet in sb 





The Instrranent has from t hirteen to fifteen keys. The 
choice of instruments obviates the need of writing in 
keys with many sharps or flats. Besides the fore¬ 
going instruments, there are tenor clarionets in Eb 
anA F the former with an aetval compass from 

fee. 



and the latter an actual compass one tone higher 
than the previous. Some makers add four lower 


koys to these tenbr clarionets, carrying the compass 
down four more semitoned to the note given as a 
crotchet in the com¬ 
pass of the tenor Eb* 
lioth are transposing 

instrnments, the Et> a 
niajor sixth lower, and 
the F a perfect fifth 
lower than the written . 
notes. This family is 
completed by the bass 

clarionet in Itb, which 
has a three' octave 
actual compass from 




:toi 



Music for thi.s instru¬ 
ment is written either 
in the bass clef with 
the actual notes, or in 
the trebhs clef in tlie 
key of C ; in the latter 
case it is a tran.sposing instrument, sounding a major 
ninth lower than the notes written. 

The Basset IIoen {Gfmi di Battettd) is a similar 
instrument to the tenor clarionet in F, with the 
addition of four lower keys, and has a written 
comitass from 


Tenok anp Bash CLAHiON-m. 



-ry 


It is a transposing instrument, sounding a perfect 
fifth lower, and possesses a fuller and finer tone than 
the clarionet. 

The Saxophone consists of a conical brass tube 
played by means of a 
single reed, and Ims twenty 
keys. It was invented by 
M. Sax, a Belgian residing 
in l*ari.s, about 1840. Its 



SAXoraoKBs. 
SOPBAHO. Alto. Tbkob. 
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tone reproduces something of the cello quality, and 
gives sustainiiig power to the “ full brass.” It is 
Qsed chiefly in military bands. We give illustrations 
of the four most frequently used saxophones, show¬ 
ing their relative sizes; but in addition there are 

the sopxanino saxophone in E^, an octave higher 
than the alto in ish (the alto is the favourite with 
saxophone soloists), and a bass saxophone in bI?' 

an octave lower than the tenor in sb ; they are, 
however, seldom used. Tlie following table gives 
the compass of the instruments: 

Soprano in Bb 
As written. 

fe- 

■*- _ -- 

A tone lower. 


Actual Bounds. 



'cr 


ito;. 


Alto in Eb 


JOL 






^to: 


Tenor in Bl? 



A m^or 6tb 
lower. 


JO. 


- to:-r£- 


_ AmidorStb 

n- lower. 


■dr 

Baritone in Eb 




--! - A luajoT IStb 

"to:_ lower. 


-d- -dr 

It will thus bo seen that all are transposing instru¬ 
ments {tec Clabiostet) and music is always written 
in the treble clef. 

The Oboe: An instrument with a conical bore 
exceedingly small at the top. It has a 
delicate, refined, and plaintive tone, and is 
played by means of a double reed. It is 
an octave instrument, higher notes being 
obtained by octave keys. Its compass is 
from 

•Ci>- 

4= 


I 




mp even a third higher with all the semitones. 
It has from fifteen to seventeen keys, and is 
a non-trimsposing instrument. The oboe is 
essentially a melodic instrument, and, owing 
to the difficulty in emitting the breath 
whilst playing, it is very ncoessary to give 
the player frequent rests. The best keys 
are those with not more than three sharps 
or flats in the signature. In the orchestra 
the performei's tune their several instru¬ 
ments to tlie A given out by the oboe. 

Oboes are also made in Bb and I}b-> the 
former transposing a tone down and the 
latter a semitone up. The Oboe b’Ahose 
.Is a very similar instrument to the oboe. Its 


% 


il 


OaoB. 


quality of tone is more plaintive than the oboe, but 
in mechanism it is like that instrument. It is 9. 
transposing instrument (tee C1.ABIONSIT), being 
in A, a muior third lower than the notes written. 
Its compass is from 




M: 


I? 


:to_ 


; sounding 


ts- 

with all the semitones. Borne very fine parts 
were written for this instrument by J. 8, 
Bach, and latterly the instrument has been 
reconstmeted and used at the performances 
of the Bach Choir in London. 

Cob Anolais (Cobno Ieolese) is to 
the oboe what the basset horn is to the 
clarionet (g.v.) It is a transposing instru¬ 
ment, being a fifth lower in the key of F. 
Its actual compass is from 


:zzJZtoz 


-dr 

sounding 


-G>- 



The Bassoon (Fagotto) has, like the oboe (of 
which it is the bass), a double reeil attached to a 
metal tube, cal'od the crook, which is about 12 in. 
long. The crook is fitted in the instrument at 
(tf) in the accompanying illustration, 
which shows the back and front of 
the bassoon. This instrument has a 
conical boie, and its internal length, 
with the crook, is a little over 8 ft. 

It has from seventeen to twenty- 
two keys. The instrument is sup¬ 
ported by a strap placed around the 
l>erformer’s neck. It has a chromatic 
compass from 



(three octaves), and is a non-trans¬ 
posing instrument; soloists even play 
good toned notes up to the F above. 
Music for the bassoon is written in 
the F (bass) and C clefs, the latter 
on the fourth lino (tenor clef ),5 and 
almost any kind of passage can bo 
played effectively. 

The Contra Bassoon (Contra 
Fagotto) or Dotjble Bassoon is 
an octave lower in pitch than tlic 
bassoon, and it is curved four times 
for ease of handling. It is a little 
over 12 ft. in longtb internally, in¬ 
cluding the crook, and sounds an 
octave lower than the notes written, 
like the doable bass, The fingering 


Bassoob* 

28 
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is similar to the bassoon and the compass is 
from 


mth all the semitones 
sounding an octave 
below. A new double 
bassoon lias been in- 
tnodncecl. It is made 
of brass, with a 
double reed resem¬ 
bling that of the bas¬ 
soon, but somewhat 
larger, and is claimed 
to be much simpler 
infingeringand easier 
of performance. 
The tone is soft in 
quality, although of 
great power, and its 
compass is from 




:tor 



Brass Doublic 
Uassoun. 


CONTllA 

Dabsous, 


of both instruments are 


sounding an octave 
lower. Illustrations 
given. 

Thb HiaHLAND Baopipe consists of a leathern 
windbag which is filled by the performer through 
a valved tube, and three long tubes called 
drones and a smaller tube to which is fitted the 
chaunter. These .four tubes are all inserted in 
the windbag, and the drones are thrown over the 
shoulder, while the chaunter tube is held in the 
performer’s hand. The chaunter is fitted with 
a double reed, like the bassoon, whilst the 
tbrtte drones have .single reeds of cane that in 
principle work very similarly to the organ reed. 
Tlie chaunter is conical in shape, with seven 
finger holes in front and one behind, having 
a compass of nine notes from 


-o- 


The drones each produce a fixed note according to 

the tuning 
used, which is 
either two in 
unison to 



and the other 
an octave 
lower; or to (1, 
B.fl.orD.A, D. 
The ornamental 
notes produced are called “ warblers.” The Irish 
B^ofipb itas a windbag inflated by means of a 


BioniANU BAOPire. 


bellows worked by the arm. Its tone is softer, and 
it has a compass :^m 

-O. 




=}rto: 
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Tbe drones are mounted all in one stock. This 
bagpipe is also called the Union Pipes. Besides 
the foregoing there are the Northumbrian and other 
bagpipes. 

(2) The Flute is a tube made of cocoa-wood, 
ebonite, or silver, with either a conical or a cylin¬ 
drical bore, and is played through a hole in the 
side about an inch from the head of the instrument. 
For this reason it was calk'd Jtauto trarergo, to dis- 
tinguisb it- from the flute a bee or direct flute, now 
represented by the flageolet, an instrument which is 
fast disappearing. In eonicai flutes the head (top 
joint) has a cylindrical bore, which gradually de- 
crease.s in size towards the end or foot joint. In 
cylindrical flutes the bore of the foot and body are 
cylindrical, but it tapers towards the top in the head 
joint. The (lute has from about eight 
to twelve keys and a chromatic com¬ 
pass from ^ 


ito"".: 


(or even down to fib ), but the two top 
notes are lioth difficult and harsh. 

Many systems of fingering are in use, 
the principal being that of lidhm (or 
Boehm 1, whit'-h allows of the more 
difficult keys bc'ing used with greater 
ease. Boehm also, in place of the old 
plan of Imring the holes to suit the 
fingens, .substituted (about 1S.14) a 
system of mathematically correct 
boring with special mechanism to suit 
this arrangement. The orchestral 
flute is a non-tran.sposing instrument. 

There is also a fluto in E7 (often 
spoken of as the third flute in F, but 

tuned in Eb), which tran.sposcs a 
minor third higher (sec Clarionet); 

also a (Inie in (which should be 
more .appropriately called in A), trans- 
Iiosing a minor sixth higher; and a 

flute in Eb (more appropriately in 

Ub), transposing a semitone higher. 

The flute is able to play very rapid 
pass^es, and is assigned the highest 
part in orchestral music. 

The Piccolo, or Octave FluTe, 
as its name implies, transposes an octavo highci 
than the notes written. Its compass is from 


1. oraiunry. 



including all the semitones, sounding an octave 
higher. The Boehm system has also been applied to 
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Hub iofitroment. There are also pic¬ 
colos in and F, transposing respec¬ 
tively a minor second and minor third 
higher, and shoald more appropriately 

be termed in dI? and lb* 

(3) The Fbench Horn: A brass 
instrament of peculiar softness of 
quality, pl^ed by means of a circular 
mouthpiece. In shape it is spiral with 
a bell-shaped ending, into which the 
hand can be inserted to obtain certain 
sounds called closed notes. Thi.s in¬ 
strument i.s played by means of dif¬ 
ferent emboKchuret (different positions 
of the lips), which produce the series 
of natural harmonics. By means of 
“ crooks ” — smaller interchangeable 
tubing—it is possible to get the horn 
in any key. The compass of the horn 
in C is from 


;~~~j~to—]. 2. 

—^— Piccolos. 

1. Ordinary. 

2. 13o«lun.| 

sounding an octavo lower than written. 

All horns are transposing instruments. See- Clario¬ 
net. The following is a list, with the transpo¬ 
sitions : 

Horn in Bb alt. A major 2nd lower 
A A minor 3rd .. 

Ab A major 3rd 

ti A ptM'fect. 4th 

V A perfect 5th ,The» crooks are 

E A minor 6th Mho moot effective 

vb A ctu ( for iKith hand and 

K[' A iQiijor (itn / taItb Iiotuh. 

1) A minor 7th 

C An octave 


B basso A minor 0th 
A major 9tli 


Horns can also be ‘ crooked ” in ob and cb, thus 
giving a complete set. It may here be noted 
that music for the horn is written in the treble 
clef, except for the lowest notes, which are iome- 
tvntet written in the bass clef. When this latter clef 
is used, the notes are written an octave lower than 
they would be in the treble clef. c.g. 


~ would be 



written 



not 




•From this it will be seen that the actual sounds of 
all fawns above C are lower than the written notes 


when the treble clef is used, and 
higher when the bass clef is 
used; whilst the horns in C, B 

basso, and Bb basso are higher 
•when the treble clef is used, 
and lower when the bass clef is 
need, excepting the horn in C, 
which is correct when the bass 
clef is used. Music for the 
horn is always written in the 
key of 0, prefixing which horn 
is to be used, e.g. Horn in D, 
Horn in F, etc.; and as most 



Fksnch Horn. 


orchestras have either two or four horns, these are 
generally in different keys, so as to eqable a greater 
number pf open notes to be used. Other notM than 
the harmonics can be obtained by inserting the hand 
into the “ bell”; these are called ” closed ” notes, and 
have a great difterence in tone, being less brilBant. 
The following shows the notes obtainable on the 
hand horn in F, the closed notes being written as 
crotchets, and those obtained by inserting the hand 
farther into the bell, and called double closed notes, 
are written as quavers: 

Written notes. 



(a) ThiB note is bettor when tuken as a double etopped note 
from the tone alxivo (()• 

* Theiie four notes, gaye Berlioz iu his TrtaiUt on Orchatraliont 
are bail, dull notes. 

The lost, of a complete chromatic scale on this most in¬ 
teresting instrument led to tlie introduction of valves 
or ventils. This instrument is known as tho VALVE 
Horn. By pres.sing the finger on a valve, ft opens 
and thus Icn^hens the tube. It has a distinct advan¬ 
tage over the hand horn; for firstly it produces the 
same tone and note.s as the latter 
instrument if the valves are left 
untouched (and composers, when¬ 
ever they wish a noti; to he played 
ns on the hand horn, have only 
to mark the note or notes hattchie 
or by some other sign); and, 
secondly, it has a chromatic, scale 
of even quality. To the valve 
born are attachsd three valves— 
ventils or pistons {see illustra¬ 
tion), the first finger lowering the 
note a tone, the second finger 
lowering it a semitone, and the 
third finger lowering it a tone and a half. These can 
bo used in combination, e.g. the first and third will 
lower a note two and a half tones. The following 
shows the notes obtainable with the fingering of 

the valve bom in The open notes are left 
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uafingered, and where more than one finger is pat, 
these are to be used in oombination. 


123 3.323 13 1 3 




•XT ^ ^ ^ “ ■'fp) 

23121 2 1312 


fe®- iic?* 

^ (0 Ift) 




txy- .. 

(c) (&) 

2 3 13 1 2 


HS*- 






gg- 


(0 ( 6 ) 


(c) (6) (c) ib) 


(c) fb) 


(() These notes, if marked boucMf, can be played os stopped 
not^ and those marked (c) as double stoppeid notes, as on the 
hand horn. 

The actnal soands are a major sixth lower than 
those written. The French horn is one of the most 
difficult of wind instruments, and it is advisable in 
writing orchestral music to limit the compass of the 
first horn by not going below 



and by not going above ^ 


for the second horn. It is only necessary to add 
that the horns in D and C exceed the compass given 
above by five semitones, going to 

■ 6 »- 

whilst those in b!?, A, Al, 
and G do not go above 

a/ 

and that in bI? basso only has a compass from 

.Z, .T. 

F^— 

-& 

The Tjenoh Cob may be termed ‘^the amateur’s 
French born." It has a mouthpiece of the saxhorn 
type, and is conical from the mouthpiece. It is very 
much easier to play than the French horn. In shape 
it is similar to the French horn, but it is held in 
the reverse manner, the right band fingers being on 
the pistons and the left Imnd holding the bell. Its 
compass is the same as the French horn. 

Tbumpbt (Tbomba) : The trumpet is a cylindrical 
brass instrument curved and ending in a “ bell." It 
is played by means of a cup>shaped mouthpiece, 
shallower than that uacfl in the cornet, and has a 
brilliant, penetrating tone. Like the horn, the sounds 
produced by means of different positions of the 
lips, called embounhures, arc the natural har¬ 
monics, To increase these harmonics V crooks ” (see 




Hobk) are added, thereby giving the series from 
difilerent foundation notes. The crooks in use are the 

F, K, D, C, and Bb. With the exception of the 
C crook all these are transposing instruments (see 
Clabiojtet), those ift F, B, sb, and D sounding 

higher, and those in vh and A a tone and a tone' and 
a half lower respectively than the no^ written. 

The notes obtainable on the D and Db trumpets are -. 


(«) 


(c) (e) 






55=? 


3^' 

cf- 


the actual sounds being a tone and a semitone 
higher respectively. The note marked (a) cannot 

be obtained on the C, B'>, and A 
crooks, nor those marked (c) on the 

B', E, and fib crooks, except by vary 
accomplished players. The F$ is 
obtained by somewhat overblowing 
the naturally too sharp F, which 
therefore is omitted. This limited 
series of notes accounts for the use 
the great ma-sters made of this instru¬ 
ment, viz. chiefly for rhythmical ef¬ 
fects. Bach and Handel wrote their 
trumpet parts, using notes up to 

-b— 


or even liigher; but with the present 
mouthpiece these notes are extremely 
difficult of production. To meet tins 
difficulty and avoid the deplorable 
custom of .siib.stit utiug cornets for 
tram£jets, Mcs.-rs. MahilloT. & Co„ of 
London, have constructed a new 
instrument with a sjjec.ial mouthpiece, Vat.vET rumpet. 
which they liavo called a “ l:>opratiino 
Trumpet in Up£>er D,” and which enables tliese 
highest notes to be produced with comparative ease. 

Trampets are also constructed in upper with the 

same fingering os the comet in Bb, and aic exten¬ 
sively used in Paris, Brussels, Berlin, etc. Unlike the 
horn, the trumpet bell will not allow of the band Ijc'ing 
inserted for closed notes. To increase the usefnluoss 
of the trumpet, valves liave been addedT, as in the 
case of the horn, and the natural trumpet has bee# 
completely supersetled by the VAtiVB Tkumpbt, 
which becomes a melodic as well as a rhythmical 
instrument, having a complete chromatic .scale 
throughout the compass shown above for the natural 
trumpet. These valves are expkined above in the 
horn. Modem compo.sers write for the valve trumi>et, 
au<l use chiefly the most effective crookp, vis. F, E, 

and Eb, the first of these being most used. Besides 
this instrament, there is also a slide tmnipet, but 
its intonation is not so certain. The effect of the 
slide is explained under Tbombokb. Music for the 
trumijet is written in the key of C and in the treble 
clef, <Iirection.s being prefixed as to which crooks are 
to be used, e.g. Trampet in V. Wagner used trami>eta 
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Sn sb basso and in D and C basso. This trumpet in 
Eb basso has a chromatic compass from 



sounding . 



and by extra crooking those in D and C basso are 
obtained. 

The TbOUBOKE consists of a twice bent tube with 
a bell shaped ending, made in the middle in such 
a manner that the slide (outer section) can move on 
the inner section. Like the Frenc h bom, the notes 
obtainable are the natural harmonics, and by ex¬ 
tending tbe slide (which is held in the player’s right 
hand) to the different positions, this set of harmonics 
can be repeated in different degrees, each a semitone 
below the other. Below are given the harmonics pro¬ 
duced in the first and second positions of the tenor 
trombone; the remaining five positions can easily be 
fohnd by transposing tbe series of liarmonics a semi¬ 
tone lower for each position. 


Knnuoniw }iro(luce<l iu first (or " home") position. 



j>ro 

-1 -trr 


Bannonics produced in second position. 
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In tbe first four positions a note an octave lower 
than tbe first given above can be produced. These 
notes are called pedal notes. There sre three trom¬ 


bones ; tbe alto in Eb, with a chro¬ 
matic compass from 





-p— 


bn 




the tenor in Bb, with a chromatic 
compass from 


and the bass in G or in F, with a 
chro^tic compass from 




Besides the slide tromtones. there 8“®® 
are the valve trombones, which have • 

the same compass respectively, and are easier to 
learn. Trombemes are largely used in the orchestra 
on account of their beautiful effect in both piemo 
and forte passages, the tone being noble and rich; 


splendid examples can be found in Sendelssohn'fi 
scorea Trombones are non-transposing instromepts, 
and the music is written in the alto, tenor, and bass 
clefs respectively. 

Baxhobnb:—The Cobnbt: A'brass 
instrument with a cup shaped mouth, 
piece; it has three valves, working as 
in the valve French horn {q.v.') The 
tone is less brilliant than that of tbe 
tmmpet, and its execution less difficult 
The cornet may be called the treble of 
the saxhorn family. When trumpets 
cannot be obtained the comet is nsed 

as a substitute. Comets in Bb and 
A are generally used, but by using Oohnst. 
crooks other keys are obtainable. 

With the exception of that in C, comets are trans¬ 
posing instruments (nee CnAKiOEET), sountog lower 
than the written notes. It has a chromatic compass 
from 





-rs - 


-to:r:~~ 


(written notes) 


There is also a soprano comet in Eb, transposing a 
minor third higher. Music for the comet is always 
written in the treble clef. For finger 
ing iee Flugel IIobe. 

The Flugel Horn is treated the 
same as tbe cornet; but it has a 
much larger bore, being more like the 
bugle. Its compass is the same as 

tbe comet. It is made in sb, having 
three valves. Tbe following is the 
fingering on the flngel horn, and, the 
compass being the same on the two 
following instruments, the fingering ptuext. Horn. 
on those (as well as tbe cornet) is 
identical. The notes in semibreves are open notes, 
and the last three notes should be sparingly nsed : 



12S 13 23 12 
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1 3 2 3 1 


2 3 12 
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2 8 12 

te: 






Hie fingel bom is a transposing instrument 
(tec CiiABiONET), tbe actual notes being a tone 
below. 




MUS 


438 


MITS 



The 8AXHOBN or Tsnob Hokn in e!) is the next of 
the gaxliom family. Its compass is a perfect fifth 
below that of the fiugcl horn. The 
saxhorn is used in combination with 
or as a substitute for the French 
horn, but the latter instrument is 
decidedly finer in tone. Besides the 

I 

E’ there is an F crook. Both are 
trans]X)sing instruments (see Clar¬ 
ionet), the actual notes being a 
major sixth and perfect fiftli below 
respectively. The fingering is given 
above. See Fluoel Horn. 

The Baritone in b'? is the next, 
of the saxhorn family. Its compass 
i.s an octave below the flugel horn. 

It is a transposing instrument (see 
Clarionet), the actual notes being a major ninth 
below. Tlie fingering is given above. See Flugel 
Horn. 

The Euphonium is a brass instrument, usually 
with four valves, bfilonging to 
the saxhorn family. It is the 
bass soloist of the military 
baud, having taken tlie }il.ace 
of the ophicleide, which in its 
turn took the place of tlie ser¬ 
pent. It is a non-transposing 
instrument, an<l has a chi<>- 
matic compass of three octaves, 
from 


Saxiiork ub’I'enor 
Horn in 




ztoz 



tto' 


Uariiose. 


Besides the shape given in the illustration, there is a 
circular euphonium. Music i.s written in the bass 
clef. The valve.s, as explained above in valve horn, 
lower the pitch of the open notes, which on this 
instrument are 

bm- 




as follows: First, a tone ; sot;ond, a semitone ; third, 
one and a half tones ; fourth, two and a lialf tones. 
(Abroad the third valve loweis tht; jiitch two tones.) 
By using the four valves togethf r the pitch is lowered 
five and a half tones. It 
will thus be seen that by 
using the four valves 
note 



will give 
{epi¬ 


thet second note in 
chromatic com\>ass of 
euphonium. 

The Tenor Tubbn 




the Bass Tubbn are brass instruments, partly cylin¬ 
drical and having a longer and narrower bore than 
the euphonium: the tenor 

is in Bb and the bass in 
F, and each has four 
valves. The oomiiass of 
the tuben is from 





BoMDAitnoN IS BB'7. 


the tenor sounding a 
major second lower, and 
the bass a perfect fifth 
lower than the written 
notes. The tuben may 
be said to have been 
invented by Wagner, 
who used them in liis 
works; for in.stance, in 
the Traner-viarseh in 
(ho (rotterdammerunff. 

Bombaruon, the iow- 
est of the saxhorns, is of 
two shupe.s: one like the euphonium, but Larger; the 
other circular, encircling the body and resting on the 
shoulder of the performer. They have mostly three 
valves (occasionally one with four valves is found), 

and arc of two pitches, the Eb and the Hllb. Those, 
with the stringed double basses, arc the lowest 
instruments in tlje military 
baud. The chromatic com- 

pa.ss of the S'* bombardon is 
from 

MIz- 




ito~~ 


those with four vah'es going 
down to Eb three octaves. 

and of the BBb bombardon 
from 


- 

Hva bassa.... 



New Moiiei, 
Circular Bomiiabdok. 


The music is written in the bass chif, bcmlwirdons 
being non-l.ran.s|iosing instruments. The Bass Tuua 
is a species of bombardon having a noble tone. It 
is a non-transjKjsing instrument, and has the largest 
compass of orchestral instruments, viz. from 


SZZT.to: 



or even descending to a fourth below. Music for the 
bass tuba is written in the bass elef. The Hlwstra- 
tivns tif the cornet, flugel horn, tenor hum vn 

Jd'>' haritone in ih, euphonium, and bombardon 
show Vie relative sizes of the saxhorns. 
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(4) The Oboah : lliis is bj far the most important 
of wind instruments placed bj means of a key- 
board, and only a very brief description of the various 
parts of the construction can be given. The accom¬ 
panying illustration (fig. 1) shows the several parts 
leading from key to pipe. At the back of the key 
(1) is inserted an upright rod called a sticker (2), 
running up through one end of a lever or backfall 
f3); the other end of this lever falls when the key is 
depressed, pulling down the tracker (4), which is fixed 
to one arm (5) of 
the roller. Boil¬ 
ers are used to 
roach the pallets, 
which are gener¬ 
ally out of the 
vertical lino of 
the action from 
the keys. Tliey 
consist of metal 
rods turning on 
pin.s and having 
a short arm at 
each ('iid (fig. 2). 

The tracker from 
the backfall is 
fitted to one arm, 
and to the other 
arm is fitted the 
pull down wire 
(G), which is 
moved when the 
tracker gives the 
roller the neces¬ 
sary movonicnt. 

The pull down 
wire ci])ens the 
pallet (7), allow¬ 
ing the wind to 
pass from the 
wind chest (H)to 
the grooves (0) in 
the sound board, 
over which the 
pipes stand. The 
pallet i.s supplied 
with a spring 
(10) to close it 
immediately the 
key is released, 
and so restore 
the action to its 
original position. 

Besides rollers, 
nqnares of wood 
or brass are used 
for carrying the 
action &om key 
to pallet. In 
addition to the 
foregoing action, 
which is called 
the Tbackbb 
Action, there is 
the Pneumatic 
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1. Ksy. 

13. Table. 

2. Sticker. 

Uj'jMt board. 

3. Backfall. 

l.'i. Pijie rack. 

4. Tracker. 

K’i. Keml piiio. 

S, Boiler iirnia. 

17. Strij)|ied wood 

fi. Pull down wire. 

pilic. 

7. Pallet. 

18. Olieo metal 

8. Wind cheat. 

liipe. 


ft Orrioves. 

10. UalJot spnnR. 

11. Sound lioard. 

12. Sliders. 


10, Contoy.vDco tak- 
ioR nind to 
piportondiSbr- 
ent lOTol. 


Lbvek Action, which sometimes 


is applied.to the whole of the keys, and at other 
times only to the lowest ocl.T.ve. Tliis consists 
of a small bellows attached to the pull down and 
pallet, which is filled by compres.sed air when the 
key is played, thereby opening the p-allet, and is 
emptied when the key is released, allowing the pallet 
to close. This action is much lighter to the touch 


than the tracker. A third action is the TUBVIAB 
PNEiruATio Action, which does away with the use 
of trackers—tubes oonnecti^ the kejr and the small 
bellows under the pallet. The wind is admitted to 
this tube wheu the key is depressed, and carried to a 
small circular chamber covered by a disc of leather 
called a “ puffer.” This puffer, ^ing lifted by the 
wind, operates a small pneumatic bellows connected 
with the sound board pallet. When the key is 
released the reverse action takes place, thus allow¬ 
ing the pallet to close. A fourth action is the 
Electbo-Pneumatic. In this action, instead of 
the [lulse of compressed air tlirough the long tube, 
electricity is used. By depressing the key contact 
i.s formed, and the current passes through a small 
electro-magnet, which, attracting an armature, opens 
the valve that o]jerates the pneumatic action. With 
these two last actions the CONSOLB (consisting of 
the manuals, pedals, draw stops, accessories, eta) 
can he carried to a distance from the instrument 
proper, allowing the organist to judge better the 
effect produced by the oi^an. The accompanying 
illustration (fig. 3) shows the console of an electro- 
pneumatic organ built in by Messrs. J. W. 

Walker & Sons, London, the cable on the left con¬ 
necting to qrgan. The upper part of the wind chest 
is called the Bound Boabd (11, fig. 1), Each set 
of pijies is known as a Stop, and is brought into 
ac.tion by a draw stop being drawn out. This in turn 
draws into position the corre.sponding Slider (12). 
The draw stops are placed at the right and left of the 
con.sole, each bearing its name (it should also bear 
the pitch) on the knob. The slider, or slide, i.s a 
perforated flat strip of hard wood which covers and 
uncovers the holes in the upper surface of the board 
above the channels of the sound board, called a 
Table (13), and below the Upper 
Board (14), which supports the pipes. 

This upjwr boanl is also perforated with 
corresponding holes. By drawing tlie 
draw stop the slider is drawn into such 
a position that the holes in the table, 
slider, and upper board are over each 
other, thus allowing the wind to pass 
to the pipes when the pallet.s are 
opened. When the draw stop is in, the 
slider shuts off the wind between the g 
table and upper board. Should the s' Rniierarms 
wind from some defect be not properly 4. Pull down 
shut off from the pipe, this is 
known as a Ciphebing. The pi{)es are planed 
as a rule in succession a tone apart, having the 
two largest pipes at the two ends of the sound 
board, the imsition being; Bass end, C, D, E, F#, 
G% Aid, C, etc,; treble end. CJ, F, O, A, B, 
etc., so working towards the centre with the smallest 
pijDes placed there. The pipes are held in position 
by a framework placed a few inches above the upper 
board, known ns the Pipe Rack (15). The Bellows 
are the lungs of the orgsin, and consi.st of (a) the 
Feedebs, wliich are operated by the blowinghandle, 
(>) a Bottom Board perforated with holes, through 
which the air, compressed by the feedmsi, passes 
into (e) the Reseevoib, which is kept filled by the 
feeders. The holes in the bottom board are covered 
by leather pallets, which prevent the air returning 
into the feeders from the reservoir. From the 
reservoir of the bellows the wind is taken either 
direct or through intenuediate reservoirs to the wind 
chest of the sound board by wind trunks, which are 
ducts of wood or zinc. The reservoir is weighted 
so that the wind supplied to the pipes may be 
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compressed. The presstite 
varies in different organs, 
to 4 in. being the most 
nsuai when onJj one pres¬ 
sure is used; bat <iaany 
organs have the reeds and 
other portions of the stoi’w 
on varying pressures, even 
np to 25 in. The Manuals 
are the sets of keyboards 
played by the hands, 
and are placed one above 
the other, bat somewhat 
overlapping. See fig. 3. 
In organs with only one 
manu^ that manual is 
called the Gbeat Organ 
{Mauptuserk, in German; 
Ora^e Orf)ue, in French), 
and the pipes of the great 
are of large scale and full 
tone. If there are two 
manoals, the lower is the 
great and the upper the 
Swell Obgan (ObermerJe, 
German; French). 

In the swell, all the pipes 
msted on are in a box 
wliichis fitted withVcnctian 
shatters. These shutters 
are opened and closed by 
means of a swell pcd^ 
fixed above the pedals, thus 



Fi(>. 3.— Moveabu Gonsolk or an Okoas. 


f iring a crescendo and 

ccrescendo in the tone. These pipes arc of smaller The draw stops of each organ are generally arranged 
scale, and several are of the reed class. In three- in the following groups: 


manual organs the third manual is placed beneath , ^ 

the two former and is called the Choib Obgan of Console. Right Side of Console. 


German; Potitif, French); these pipes are 
of a soft character, and are intended for accompany¬ 
ing the choir in the softer passages. In fonr-mannal 
organs we find, above the former three mentioned, 
the Bold Organ, having chiefiy pipes of a solo 
character; whilst above this solo organ a fifth manual 
is sometimes placed, called the Echo Obgan, the 
pipes of which are of a delicate nature and placed 
in a swell box. Besides these keyboards there is on 
all organs another keyboard played by the feet, and 
called the I’bdais. See fig. 3. In the pedal organ are 
pipes forming a bass suitable to the different manual 
stops, and of lower tone. The pedal keyboard is either 
radiating, concave, radLating and concave, or concave 
and straight. The pedals generally consi.st of thirty 
notes, corresponding to the lowest thirty notes of the 
manuals, ana as the foundation tone of the pedals 
is 16 ft., these notes are spoken of as CCC to F. 
The compass of the manuals varies from fifty-six 


Swell organ. Kolo organ. 

Pedal organ. Great organ. 

Couplers. Choir organ. 

Speaking stops are divided into Foundation, Muta¬ 
tion, Compound, and Reeds. Some of the most 
usually found are: 

Foundation Stops (Manual). 

IG ft. tone, i.d. sounding an octave lomr. 

Double open diapason . Metal; open. 

Contra gamba . . . Metal; open, slotted. 

Double stopped diapa.son . Wood; stopj^d. 
[Stopped pipes are those having a plug in the top 
(see fig. 5), and being of only one-half the length of 
an open pipe, yet give the same sound as the open 
pipe.] 


notes 


live 



(CC to g2) 


to five octaves 



8 ,ft, tone, i.e. sawtding the same pitok as a 
pianoforte. 

Open diapason . . Metal; open. 

Violin diapason or\ Metal; open, small scale, 
Gcigen principal / stringy. 

Horn diapason . . Metal; open, reedy. 

Gamba . . . Metal; open, slotted, reedy. 

Echo gamba . . A small scale ^amba. 

Keraulophon . . Metal; a species of gamba. 

Salcional (salioional) Metal; open, small scale. 
Dulciana . . . Metal; open, very small scale. 

Rohr flute. . . Metal; stopped with a hole 

in the stopper. 

Stopped diapason . Woofl; stoppm. 
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Lieblichgedsot Wood; “sweet” toned and 

stopped. 

Clarabena. . Wood; open. 

Hohl flute. . Wood; open. 

4 ft. tone, i.e, founding an octave higher. 

Principal . Metal; open. 

Gemshorn , Metal; open. 

Harmonic flute Metal; of 8 ft. length with a 

hole midway, causing sound 
to be of 4 ft. pitch. 

Lieblich flute Wood or metal; “ sweet" flute. 

Wald flute Wood; a species of clarabella. 

%ft. tone, i.e. founding two octaves higher 

Fifteenth . . . Metal; open. 

Piccolo . . Motal or wood; open. 

Flautina Metal; a sjiecies of fifteenth. 

Mutation stops are those which give a different 
sound than octaves and doubles to that played, such 
as the Twelfth, which is of metal, and sounds tlie 
twelfth note above. tVimponnd stops are those 
which have more than one pipe to each key, such 
as the Mixture of different ranks. .See Mixture. 
All the aliove stops are called the Flubwork. The 
late Hr. E. J. Hopkins sitys: “All organ stops in 
which the sound is produced by the wind passing 
through a flue or windw.ay and striking against an 
edge above, belong to the fluework, wliatcvcr may be \ 
the shape, make, or tone of their pipes" (Sir George 
Grove's JJhtionary of Music and Musii'ians). The I 
accompanying illustration (fig. 4) .shows a metal 
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pipe and a sectional view of the same; ilg. 5 shows 
a stopped wooden pipe and a sectional view of the 
same. The Keeds are the Double Trumpet, Trombone, 
and Oontra fagotto of 16 ft. tone; the Trumpet, 
Posanne, ComotJeon, Horn, Oboe, Olarionet of 8 ft. 
tone; and 'the Clanon of 4 ft. tone. With the exception 
of the three 16 ft. reeds, which are made of metal or 
wood, those are all met^ pipes. The accompanying 
illustration (fig. 6) shows a reed pipe with and 
without the “boot.” In the Town Hall, Sydney 
(N.S,W.), organ, which is the largest in the world, 


having 5 manuals with 
28 stops on the great, 

24 on the swell, 20 on 
the choir, 20 on the solo, 

8 on the echo, and 26 on * 

the pedal, besides 14 

couplers, there is on the 

pedal organ a unique 

64 ft. reed (contra 

trombone), the longest 

tongue being 2 ft. This , i 

organ contains 10,260 I fi 

pipes, weighs 100 tons, ^ _ U- . . ^ 

and was built hy ,1 \ / 

Messrs, W. Hill & bon, I / \ / 

London. Besides the \ / \ ■ / * 

above stops, there are \ / \ A 

the vox angelica, which ^ r** ^ 

consists of two ranks te — -gy 

of pipes of the dnlciana j | 

type, one of which is / 1 W, 

tuned sharf)er or flatter I { ^l ib 

than the other; the I 

celestes, ox un^ mavis. j • jfi «» 

which consists of two I •In • 

ranks of the gamba I 11 /I J 

type tuned like the vox j la ‘ 

angelica. The vox Jiu- / ! 

mana is a ree<l of very \ / \ I 

small length, capped, \ y 

and is always used with g 

the tremuhint. The ^ hollowed brass, and 

'troniulftnt 3.cts on tlit^ curvod ** tongue/* 

supply of wind in such (&) Wedge. 

a manner a® to dis- wt 

turb the steady supply, ^ ^ 

causing a throbbing sensation. Tremulants are of 
many patterns. 


The Principal Pedal Organ Stops are: 

Cy 32 ft, tone, i.e. sounding two octaves below. 
Contra trombone (reed) . Wotsl or metal. 

Double open diapa.son. . Wood or metal. 

Sub-bass or sub-bounion . Wood (16 ft. stopped). 

Of\&ft. tone. 

Trombone or posaune (reed) Wood or metal. 

Open diapason . . . Wood or metaL 

Violone .... Metal (small scale). 
Bourdon .... Wood (8 ft. stopped). 

Of Sft. tone. 

Trumpet (reed) . . . Metal. 

Violoncello .... Metal. 

Principal .... Metal or wood. 

Flute.Wood (or 4 ft. stopped). 

Of ift. tone. 

Tiola or fifteenth . . Metal. 

On some organs, instead of thirty pipes to each 
stop, an extra octave, making forty-two pipes, is 
placed to each stop, and an octave coupler 
added, thus giving a “duplication” of each stop 
in the octave above at the same time. Another 
and better plan is to have the forty-two pipes 
with a separate draw stop to each, one acting on 
the lower thirty pipes and the other on the upper 
thirty pipes— e.g, bourdon, 16 ft.; flute, 8 ft. In the 
former case tlie lowest note on the pedals would 
open the pallet of the lowest pim, whilst in the 
latter the lowest note on the pe^ would open the 
pallet of the octave above, and the behest octave 
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of the pedals would call into use the extra twelve 
pipes. The accompanying illustration (0g. 7) shows 
the lower portion of a pedal open 
dmpason pipe (wood). The ACCES- 
BOBY (Non-Speamno) STOPS are 
mechanical contrivances for con* 
necting the different manuals, such 
as swell to great, swell to choir, solo 
to great, and cause the corresponding 
notes of the coupled manual to speak 
when those notes are played on the 
manual to which it is coupled. There 
are also octavo (super-octave) and 
sub-octave couplers, which make the 
note an octave above or below respec¬ 
tively speak at the same time as the 
note is depressed. Pedal coai)lcrs 
connect the petials and manual, and 
are called great to pedal, choir to 
pedal, swell to pedal, solo to pedal. 

Composition Pedals consist of iron 
pedals placed o\er, but clear of, the pedal board. 
By varying forms of meoliauism these control tlie 
stops of the organ, i.e. throw them out or in, or 
out and in, in set combinations. A I'c'ccnt me¬ 
chanical contrivance enables tlie organi-st to arraiig*; 
the combinations of stops drawn by the coiuiwsi- 
tion pedals at the keyboard. This is known as 
“interciiangeable coiulnnaiion.” Because those 
composition pedals, when set, not only throw out 
the arranged set of draw slops, hut at the same 
time throw in all other stojis on the manual to 
which the pedal belongs, they are known as 
“ double-acting.” C'omijosition pedals are generally 
arranged in progressive order from left to right.; 
(l)p; (3)/; (4)^; tho,se over the lower 

half of the pedal board acting on the swell organ, 
those over the upper half acting on the grtiat organ. 
In some organs, instead of composition pedals, ventils 
are used, w'hicli, until drawn, cut oil the wind from 
certain stops, whether the draw st<ip is in or f>ut. 
Pneitmatic Pistons are also placed between the 
manuals (fig. 3) to alter the stops, and have the 
same effect as composition pedals. When pistons 
are used some of the composition pedals usually act 
on the pedal organ stops, ftccasionally a crescendo 
or sforzando jiedal is added, wliich, without altering 
the stops, brings on the whole of the power of the 
instrument, either gradually or suddenly, as required. 
In the llope-Jones electric oi^an con,sole, stop keys 
arc placed over the top manual, w hich wdien depres.-t>d 
are brought into action, and when rai.scd are thrown 
out of action. These stop keys are distinguishal)lc 
by different colours. The nmiencL'iture of the .stofw, 
too, is different. The stop keys take the place of 
draw stops, the latter Vicing entirely done away with. 
Second Touce— somew-hat similar to the doulile 
touch in a Mustel organ ((7.r.)--is also introduced. 
Puller information on tlu> subject can tie obtained 
in The Organ: Its History atul (hnstruction 
(Hopkimi k Rimbault); The Art of Organ Building 
(Audsley). 

The Habmokium ; This is the most modern of 
keyed instruments, dating from about 1840 (the 
American oi^an, w'hich may be said to be a modified 
harmonium, was introduced aViout twenty years 
later). The harmonium is snp£)lied with compressed 
wind from a reservoir, which is fitted with a strong 
spring to resist the expansion caused by the wind 
supplied to it by feeders worked by the feet 
of the perfonner, which are placed on treadles 



Fio. 7. 


(pedals). The reservoir spring takes the place 
of the weights on the organ reservoir. A safety- 
valve in the shape of s pallet is placed in the 
reservoir to minimise over blowing. Above the 
reservoir is the wind chest, covered by the bellows 
Ixtard, containing valves, which permit the wind to 
reach the different sets of reeds as the stops are 
drawn. The reeds are tongues of brass of various 
thicknesses and lengths, screwed at one end to a 
metal plate, with apertures over which the tongues 
vibrate without entirely closing the aperture ; hence 
they are called Fbeb Reeds, whilst thos'e in 
the organ arc Stbikiho Reeds. The apertures 
are closed by pallets held down by springs, and 
connected by levers to the keys. When the key is 
played the iiallet is opened, and allows the wind, 
when a stop is drawn, to jjass through the reed 
aiierture at an even pre.ssure, unless a stop called 
tlic “Expression” i.s drawn, which allows the wind 
to come <iirect from the feeders. The performer in 
this case is able to increase or decrease the sound 
according to the amount of wind supplied by the 
feet to the feeders. The harmonium has a compass 
of five octaves, from 

-Q. 
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whilst that of the American organ is a perfect fifth 
lower; 



Tlie American OneAN diffor.s chiefly from the 
harmonium in having the wind drawn in through 
the reed apertures, whilst in the latter instrument 
it is blown out. The tone of the former is less iiarsh 
than that of the liarniomum. which has a more 
characteristic tone and greeter advantage.s. Har¬ 
moniums vary very much in the number of stops. 
Tliese are plac^'d in three groups ; those on the left 
consisting of sounding and mechanical stops acting 
on the keys below 



those on the right likewise consist of sounding and 
mcchani(;al sfioiis acting on the keys from and above 
tills note ; those in the centre group are inecfiianical 
stops only. Tlie two groups of sounding stojis are 
gimerally similarly numbered, showing which are 
complementary stop.s, giving the same quality and 
pitch throughout the entire keyboard. Some of the 
most generally found are : 


Lr/t hand. 
Cor Anglais, 1. 

Bourdon, 2. 
Clarion, 3. 
Bassoon, 4. 


Right hand. Pitch. 
Flut(}, i 8ft. tone. See 

Oboan. 

Clarionet, 2 . 16 ft. tone. 

Fifre or Mfe, 3, 4 ft. tone. 
Oboe, 4 ... 8 ft. tone 
(reedy). 
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The above is a harmonium with four “ sets" of reeds. 
Other stops are: Harpe eolienne, 2 ft. tone, which 
constota of two half sets of reeds slightly out of 
tune with each other, prodnmng a waving tone and 
acting on the lower half of the instrument. Voix 
eelefte, 16 ft. or 8 ft. tone, consisting of two half 
sets of reeds slightly out of tune with each other. 
Muaette, 16 ft. tone (reedy). Barytme, 32 ft. tone, 
somewhat like the mmette. These last three stops 
act on the upper half of the instrument. 'ITio 
Mbci^KICAIi Stops are : The fortes, which ojtcn 
shutters above tiie reed box, allowing nu)re sound 
to escape from whichever half happens to be drawn. 
Sourdine, which shuts off part of tlic wind on the 
lower half of the keys, thus giving a softer tone. 
Tremolo, which sets up an unsteady supply of w ind. 
The PerottHslons, which call into j)l.'iv a somewhat 
similar action to that of the pianoforte, a small 
hammer striking the Cor Anglais and ilute reeds at 
the moment the key is played, thereby giving an 
emphasis to the tone. Grandjru(full organ), which 
when drawn calls into action all 1hcree<ls, except the 
voix oelcste a,vtd harpe eolienne, thus giving the lull 
power of the instrument. Expression, the mo.st im* 
portarit of the mechanical stop.s, has ^cen explained 
above, and gives the perforttier inJnicnse opj)or- 
tunitiea of bringing out the liglit and sli.ade of llii.s 
much neglected instrument. Different eoiiplers are 
also found, and luive much the simio effect as the 
couplers on the organ. The ro.suli obiuiuahle is 
pliie-ed on the stop label of each. “ Under the keys 
knee levers are often fixed. That <in the right, 
when {tres.sed outwards, ojiens a swell producing a 
oresi-cnilo, whilst that on the left brings into action 
tl)o f/raniijeu. Scjmelimes the levers are the reveme 
of the foregoing, at other times each lover atits as a 
cre-eendo on its re.speetive half of the instrument. 
When there i.s only one lever it is gcncnilly in the 
mi< Idle of the instrument, and brings on the grand jeu 
wlieu pressed to the right, a sj)ring allowing it to 
recover when the knee is withdiawn. The har¬ 
monium has the great advantage of keeping longer 
in tune than eitlx'r the organ or pianoforte, and 
doteriorate-s very sJowdy, and deserves much greater 
attention being paid to it as a solo instrument. An 
account of the harmonium would be incomplete 
without a few words concerning the instrument 
brought to such worulerful perfection by M. Mustol, 
and bearing his name, “ Tlie Miislel organ.’’ On this 
instrument the peicussiou i.s brought to a state of 
porfeotioii, allowing the most rapid music to be per¬ 
formed, and giving tliat effect to the .stop.s vvliioh 
“ lipping ” docs to wind instruments. To these organs 
is also added a metaphone, which consists of tliree 
■Venetian shutters placed immediattdy over the sound 
openings of Nos. 3, 4, musette, harpe eolienne, and 
barytone reeds, softening and refining most of the 
stop.s. The niotaphones are plm'cd one at t^aedi end of 
the stops. 'J'he double expression .acts on Nos. ,'i, 4, 
musette, harpe eolienne, and barytone admitting an 
extra pressure of wind. This and the expression 
stops should always be kept out, as the softest tone 
is instantaneously expres.sed. Double touch eon.sists 
of a meohanictil arrangement w I licit, when the keys 
are pressed about a tliird of the di.stanee down, 
causes the b'os. 3 and 4 reeds to speak, and 
when the key is further pres.sed dowm. Nos. 1 and 2 
reeds also speak. This, it will easily bo seen, allow's 
of prominence being given to certain notes only. 

The Bnglibh Concebtina was invented by Sir 
Charles Wheatstone (the inventor of the electric 
telegraph) abont 1827. It is an expansible instru¬ 


ment, having a keyboard at each end with the 
bellows between. The wind from the bellows passes 
thi-ough apertures, causing free reeds to vibrate when a 
key is pressed. Concertinas are made in different sizes, 
shapes, and pitch. The treble has from 48 to 64 keys, 
the compass of one with 56 keys being either from 

Bve 

-o- 
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or four octaves from 



with all the semitones. Tlie following illustration 
shows the ixisition of the keys and the sonnd pro¬ 
duced by each in the 56 keyed instrument: 


ICFT MAND 
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The position of the keys i.s kept the same in all the 
family of concertinas. The baritone compass is from 



the bass compass is from 


- to~ 

and that of the double bass concertina from 





-cr 

.411 these can be made with double action, i.e. pro¬ 
ducing the same note from the koy, whether the 
bellows be compressed or drawn out; but ir i.s more 
usual for ihc tiass 
and double bass 
to have a single 
action. 

A new instru¬ 
ment of the same 
family has been 
broughc out by 
Messrs. Wheat - 
stone & Co., 
called the .Kola. 

It is octagonal 
in sliajte and of 

remarkably pure AIola. 
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tone. The compass of the difEerent seolas and the 
fingering are exactly the same as in the correspond* 
ing concertina. The best reeds are of highly 
tempered steel. Concertinas and leolas are now 
tnn^on the equal temperament system, like other* 
keyed instruments, and both brilliant scale passages 
and chords can be easily performed. A great quantity 
of music has been comxx>sed for this instrument, 
which is capable of producing combined 8ustainc<l 
and staccato passages and giving fine effects of 
expression. A quartette of concertinas or seolsu have 
between them nearly as extended a compass as a 
pianoforte. 


Instruments of Percussion are of two kinds: 
{a) Thoge. giving a definite sound, comprising the 
kettle drums or tympani, the glockenspiel, the key 
harmonica, and handbells. (B) Those giving an 
indefinite sound, and used 
only for marking the rhythm, 
comprising the buss drum,t he 
side drum, the tambourine, 
the cymbals, and the triangle. 

(A) The Kettle Drums 
or Ttmpani are the most 
important of the percus¬ 
sion instruments, and con* 
sist of a metal shell, hemi¬ 
spherical in shape, with a 
head of vellum, held tightly 
in position by an iron ring, 
to which are attached screws 
to tighten or relaxt the 
vellum, thus tuning to any note within its compass. 
In the orchestra two or more drums arc used, th© 
larger having a chromatic compass from 



Ksnui Drum, 


”- ^ - 



the medium from 


4^ '—.tozes— 

and the smaller a chromatic compass from 


or 


zto^S^. 


Tba vellum bead is struck by a 
flexible wooden drumstick with 
ends of felt or sf>onge. It is usual 
now to write the actual note.s to be 
played on the bass stave, but 
omitting the sharp.s or flats. The 
correct tuning, however, must be 
shown in the directions given at the 
beginning of, or during, the piece 
to be performed. Formerly the 
notation was always in the key of C. 

The ^ Glockenspiel or Caril¬ 
lon is an instrument consist- 
iug of plates of steel, played by 
striking with beaters or by hammers set in 
motion by an action similar to .the pianoforte. 



Olocksnspiet. 
AXD Beater. 


Originally a set of balls instead of steel plates were 
used. Its compass is from about 



including all the semitones. The illustrations show 
a glockenspiel with beater and one with pianoforte 
action. « 

The Key Harmonica is similar to the glocken- 



Glockenspie* OR Carilujn with PujJorouTE Actios. 

spiel, but the notes consist of plates of glass. Its 
compass is from about 



Handbells are hollow instruments made of metal, 
consisting of coppi'r and tin, with at times small 
quantities of uino, lead, silver, and antimony, struck 
by a clapper within, properly pegged to facilitate 
ringing. They are tuned to tlie chromatic scale, anil a 
set "ranges from 15 (two octaves) to 60 (four octaves). 

(B) The Hass Drum is a largo cylinder with a skin 
head at each end, held in position by hoops. Those 
skinsaretigliteuod by moans of an endless cord passing 
round the instrument from hot^ to hoop, and drawn 



Ba 8 .s Bucm. Bins Drum. 


together by leather braces. It is played by striking 
either or both heads with a wooden drumstick, the 
beatl of which consists of a scries of layers of thick 
felt in the shape of a ball. 

ThcHiDEitRUMisawooden or brass cylinder with 
a skin head at each end, as in the bass drum. It is 
played bystrikingtheuppe,rhead, called the “batter,” 
with two wooden drumsticks, the heads of which are 
uncovered. Across and outside the lower head passes a 
piece of gut called the “snare,” four or more times 
across. When the upper head is beaten by the drum¬ 
stick, the air in the cylinder is forced against the 
lower head, thus causing the snare to vibrate ou the 
lower head, and give a sharp, crisp sound. 





MUS 


445 


ICUl* 


The Tahbovbikbi : A wood«a hoop with only one 
head of vellnm, with metaJ " jingles ” in pairs in¬ 
serted at intervals round the hoop, whioh rattle when 
the instrument is shaken or played. There are two 
ways of playing the tambourine—one by striking it 
with the haiid, the either by rubbing the vellum with 
the thumb or finger. 

0^ 

Takboubimb. Ctmbaib. 

The Cymbals : A pair of thin metal plates, 
somewhat of the shape of plate covers, which the 
player holds by a strap of leather running through 
the centre, one in each hand. They should be played 
by sliding one s^inst the other, but not infrequently 
—although docmedly detrimental to the tone—one 
is fastened to the l^ss drum 
and the other held by the 
drummer in his left hand, and 
struck against it whilst play¬ 
ing the drum with the right 
hand. 

The Thiasole: A rod of 
steel in the shape of a triangle, 
but with one angle not joinetl. 

It is played by striking it with Triasols and Beatbr. 
a steel '• beater.” 

The division of the musical instruments into 
orchestral and military is .shown under Koobb {q.v.) 
A drum and fife band ^nerally consists of F piccolos, 

fib flute.s, third flutes, side drums, bass drum, triangle, 
with the addition at times of cymbals, half the 

number in the band playing Tib flutes.—^W. W. 

Mulioal Intenral. See Intebval. 

Kusical Ornaments. See Obnaments (.Mt'sin). 

Musk An aromatic substance secreted in 

a glaiulular sac on the a}>domca of the Musk Deer 
(MoecliMte moichifera'), a native of the Himalayas and 
Central Asia. 

Musket See Musquet. 

Mosketoon (Arm»). A rather short form of 
musquet (jr.u.), with a wide bore; often bell- 
mouued. 

Mnsqnet (Amw). A matchlock gun which suc¬ 
ceeded the arquebus as a hand gun in the latter 
halt of the sixteenth ceutury, and was fired from 
the shoulder, 

Mastard (JBofany). Tlio Cruciferous plants Jiras- 
Moa niffra (Black Mustard) and Jt. alba (White 
Mustard) yield the condiment, which consists of tlie 
ground seeds. Both species are common to Ceutml 
and Bonthern Europe, and are also found in Southern 
Britain. 

'Vostard Oils {Chem.) The esters of isothiocyanic 
aold, OBNH. The most important of these is allyl 
ieothiocyanate, CBN. CHj, CH: CH,, a colourless 
liquid having a very pungent smell, which causes 
tears; it blisters the skin ; boils at 151". Boiled 
with hydrochloric acid or heated with water at 200®, 
it yields nllylamine. 

CBNC,Hs + 2H,0 - CO, ^ SH, + C,TI,NHy 
It is prepared by distilling allyl iodide with an 




alcoholic solution of potassium tbiooyana^. n>e 
natural oil of mustud is nearly pure allyl isothio- 
eyanate. It is obtained from black mnstaid seeds, 
whioh are freed from oil by pressure, and mads into 
a paste with water; now an aqueous extract of 
white mustard seeds is added. The black mustard 
seeds contain a gluooside called potassium myronate 
and also myrosin, an enzyme which hydrolyses the 
glucoside; the aqn^us extract of white mustard 
seeds also contains myrosin. The reactioh is 

C,oH,gKNS,0,o - C8NC,H, + KHBO, + C H„0, 

Potiuuinni Mrronata Oittoow. 

(Siiiigrin). 

White mustard seeds contain the glucoside sinalbin, 
which is hydrolysed by the enzyme myrosin as 
follows: . ' * 


- CBNCH,C,H.OH + C,HmO, 

PAraaiyl>en*yli»ollirooyiu»t« 

(Sinalbin Mtutaid Oil). 

+ C„H„NOiHSO,. 

Sinapina Bolpbate. 

Sinapine is a compound of choline (g.v.) and hy- 
drozy-4-dimethoxy-3 : 5-cinnamic acid. 

OCH, 

C CH 


HO 




.CH-.CH.OOOH. 


C CH 
OCH, 

Mutation Btopi Qifune'). Those stops in an 

organ which give a differetft note (not octaves or 
doubles) from that played. See Obgan. 

Mute (itftMio). An instrument for deadening the 
sound in musical instruments. In the 
violin family it is made of different 
materials, and of various shapes, and is 
slotted in order that it can be fixed on 
the bridge ; in the pianoforte tlie soft 
pedal acts as a mute. See Bobdimi. 

Brass instruments aie muted by a kind 
of leathern pear in.-ieited into the bell, 
or by an additional 
valve which directs 
the column of air into 
a special bell, which 
has in its centre a 
chamber formed of 
two reversed cones 
with a small outlet 
at one end. The 
sound, being turned into the two reversed cones,comes 
out from the small aperture in a mated manner. 

MntBai Indoction ( fJlect.) The passage of lines of 
force through one ciicuit due to a current flowing 
through a .second circuit. If a unit current liowii^ 
in one circuit causes I lines of force to pass through 
w turns of the second circuit, then f x w is called 
the Coefficient of Mutual Induction of the 
two circuits, and is denoted by M. Its value is the 
same whichever circuit the unit current flows in. 




VIOLIN MUTB. 


CoBNET Mote. 


Mutule {Architect.) A projecting block worked 
on the soflit of the corona of the Greek, and some¬ 
times of the Roman, Doric entablature. A number 
of guttffi are usually worked on the underside of 
each mutule. In Greek w'ork there is usually a 
mutule over each triglyph and metope, the width of 
the mutule being equal to that of the triglyph; but 
in the Roman Doric order the mutules over the 
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metopes are omitted. See DOBIC Okdbb, Ehtabla- 
Ttrau:, and Abchitectubs, OBDBBs or. 

Xouled (Her.) When an animal, e.g, a bear, it 
muzzled; if the muzzle is of a different colour it must 
be griven, 

Hyrabalui (Botany). The astringent fruits of 
Terminalia eltebula and T. heleriea (order, Com- 
hretaceai), trees growing in the mountainous districts 
of India. The fruit, which is a juiceless drupe, is 
extensively used in tanning and dyeing, and to some 
extent in medicine. 

Myrrh (Botany). A gum resin obtained by exuda¬ 
tion from the stem of a spiny shrub Balsamodendron 
nyrrha (order, Bvrteraeea). It is imported from 
Abyssinia find Arabia. Used in medicine and as an 
aromatic. 

Myrtle. See Woods. 


M (Elect.) (1) The symbol for North or for the 
north seeking pole of a magnet. (2) A symbol often 
used for the magnetic flux (q.v.) 

n (Elect.) A symbol often used for Frequency 
(q.v.) 

Nadir (Astron.) A point or, more correctly, a 
direction immediately beneath the observer, and 
opposite to the zenith (q.v.) 

Nagyagite (Min.) A Iclluride and sulphide of 
lead and gold. Also called black tellurium : ortho¬ 
rhombic. It usually contains some antimony, and 
the gold varies from 6 to 12 per cent. It is a dark 
lead grey sectile mineral. From Transylvania. 

Haiant (Her.) A fish swimming straight across 
the field. 

Nail Head (Architect.) A Norman moulding 
enriched with a series of pyramidal forms resembling 
nail heads. 

Naissant or luoant (Her.) An animal rising or 
issuing from the middle of an ordinary. 

Naked Eye (Aetron.) When an object is observed 
without any aid, such as glasses, it is said to be 
observed with the naked eye. 

Naked Floor (Carp, and Join.) The floor joists 
without the boards. 

Naked Forme (Typog.) A form that has been 
stripped of its furniture (q.v.) preparatory to distri¬ 
buting the type, or one around wiiich the furniture 
has not yet been placed. 

Naos (Architect.) See Cell. 

Nap (Teestile Mamifao.) A heavy cloth of the 
frieze character used fer overcoating-; l)iit the naps 
or curls of fibres are more dense than in the frieze. 
Sec Napping. 

Naphtha (Chem.) A term originally applied to 
rock oil, that is, oil issuing from the earth; then it 
was applied to fractions of these oils boiling up to 
170®, or about that. Now it is applied at random 
to mixtures of hydrocarbons and other compounds 
from the moat varied sources; e.g. bone naphtha 
from bone oil, solvent naphtha from wood tar, 
mineral naphtha from petroleum. 


Naphthalene ((Tiem.) 


CH CH 



A white solid which crystallises in plates; melts at 
SO®; boils at 21S°; readily volatilises; distils in 
steam; insoluble in water; soluble in all the ordinary 
organic solvents, such as alcohol, ether, benzene, 
toluene, acetic acid. It has a ch.’iracteristie smell, 
and is a valuable antiseptic, .and is vtjry objection¬ 
able to many insects—hence its use in preserving 
clothes and skins from the ravages of moths, etc. 
Technically it is used in the preparation of many 
d 3 'es, e.g. Congo red, indigo, and many others (Bee 
under the various naphthalene derivatives); in in¬ 
creasing the illuminating [)owcr of coal gas, as in the 
albo carbon light, where co.al gas is made to pass 
over melted naphtlialene, anti of water gas. It is 
obtained from coal tar, which (jontains 8 to 10 per 
cent, of it: f«)r the method sec Gas Mastupactdee. 
Naphthalene derivatives have been synthesised from 
lienzene derivatives by method.s which show that 
naphthalene must have the constitution given in the 
above formula; e.g. if benzaldehyde is heated with 
.sodium succinate and acetic anhydride at 125®, 
I’DEXYL ISOCKOTONIC! ACID and PHEKTL PaBACONIO 
Acid are obtained: these can be sciwrated by carbon 
disulphide, in which the former is soluble. 

CII 

HC C.C1I=C*1I.CH, 

HCk^CII HO.OC 
lir 

Phenyl laocrutoiiic Acid. 

Cll 

nc 

H( GlI 

Cfl 

Fbeny] Paracouic Acid (tbiB acid really forme the lactone). 
The former or long boiling with water gives 
u-Naphthol— 



The formula given for naphthalene above is the one 
which will be used in dtiscribing the naphthalene 
derivative.s: it does not atxxmnt for tlie fourth com¬ 
bining unit of each of the carbon atoiiis. Two 
formulas arc in use for this purpose: 
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The latter is known as the Cektbic Fobmula. In 
tunning naphthalene derivatives the carbon atoms 
are numbered as shown: 


ca 


chlorbydrln with an alkali gives tetrahydro- 
naphtbyleneoude corresponding to ethyleneoxide. 
The glycol on oxidation with chromic add gives 
ortbophneylenediacetio add— 


5 

Other systems are in use; (1) The atoms 
numbered 1, 4, 6, 8 arc often denoted by 
the letter a, and when it is desired to 
distinguish between them they are de¬ 
noted respectively by o„ ^ o,, a,. The 
atoms numbered 2,3, (>, 7 arc often denoted 
by the letter /3, and when it is desired to 
distinguish between tlieiii they are denoted 
respectively by /8,, p,, /S„ /S^. (2) The 

atoms ], 2, 3, 4 are numbered as above, 
blit the atoms 8, 7, 6, 5 are numbered 
respectively 1', 2', 3', 4'. On this s\stem 
1:8 dinitronaphtliaiene would be 1:1' dinitro- 
naphthalene. (3) The 1: 8 di-derivatives are often 
called peri-derivatives; so also the 4:5, which are 
similarly situated to the 1:8. I’eri-derivatives 
behave like ortho-tlerivaiives, i.e. like 1:2 or 2:3 
derivatives. A glance at the formula for naphthalene 
will show that mono-substitution products can exist 
in two forms, an a-Iorm or a ^-form. Thus if one 
hydrogen be replaced by a hydroxyl group we. shall 
get one compound called a-naphthol if the hydroxyl 
group takes any of the positions 1, 4,5,8, for all these 
are similarly situated; and we shall get another 
corupound called /3-naplitbol if the hydroxyl group 
takes any of the positions 2, 3, <1, 7, for all these are 
similarly .situated. It will also be seen that ten 
di-derivatives are possible when the substituting 
group is the same—that is to say, tlicre are ten 
dihydroxyuaphthalenes; but there are fourteen if the 
substituting groups arc different—there would be 
fourteen hy(lroxynaj>hthylaniines, OioUgOHNII,. In its 
chemical behaviour naphtlmlcnc bears considerable 
rcsemlilance to benjeno: it forms addition prisluets 
with hydrogen, addition products and substitution 
products with chlorine and bromine; it can be 
nitrated and suli>honate<l like benzene. Homologucs 
can be prepared by the methods of Pittig and Friedel 
and Crafts (y.t'.) Its substitution products behave 
in general like those of benzene, but the substituents 
are more easily removed. The more imjiortant 
addition products and the halogen substitution 
products will be briefly described here, the remaining 
substitution products separately. Naphthalene can 
unite with two, four, six, eight, ten, or twelve 
hydrogen atoms, but only two of tlucse need be 
mentioned. PinTDiioKAPHTiiALENK— 




is a solid; melts at 15®; boihs at 212®. It resembles 
ethylene in its chemical properties to a remarkable 
extent. Like ethylene it forms a dibromide by direct 
union with In-omine, and the dibromide is hydrolysed 
by potassium carbonate to a substance like glycol- 
orthohydronaphthyleneglycoL The latter yields a 
chlorbydrln with hydrochloric acid, and the 


The dihydronaphthalene is obtained by redaction of 
a boiling solution of naphthal one in alcohol by sodium. 
Tetbahypeonaphthalkne— 



CH, 


Cl^ 



is an oil which turns brown in air; boils at 206°; is 
obtained by a'hling sodium to a solution of naphtha¬ 
lene in isoamyl alcohol. Naphthalene Tetba- 

CHLOEIDE— 

CII CIICl 
HCr T 'ICHCI 

CHOI 
CHCl 

Crystallises in prisms, melts at 182®, and sublimes at 
225°; soluble in benzene; when oxidised with strong 
nitric acid, it gix'es phtbjilic acid. It is obtained by 
jiassing chlorine into a chloroform solution of 
naphthalene, or by treating the latter with potassium 
chlorate ancl strong liydrochloric acid. tt-CHLOBe 
NapiiTH.\lf,ne, C,oIT,Cl, is a liquid which boils at 
It is obtained by leading chlorine into boiling 
naphthalene, and by the action of phosphorus 
pcntacliloridcona-nitronaphthaleneor on a-naphtha- 
lene sulplionic acid ; also liy the diazo-reaotion from 
a-naphthylamine. /3-Chlobnaphthalbne melts at 
67°, and boils at 2G5°. It is obtained by the action 
of phosphorms pentachloride on the /S-nitro and 
Bulphonic acid derivatives, and by the diazo-r^ction 
from /S*naplithylamine. All the ten d.chlor- 
naphthalenes arc known. Naphthalene Nitbo 
DBEIVATIVES, a-XlTRONAPHTH ALENB— 



Crystallises in yellow needles; melts at 61°; boils at 
304°. On- reduction -it yields a-naphthylamine. On 
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oxidatioa vrith ^llromic aciil in acdfic arid it yields 
Tioiiial nitro-phthalic acid . 



It is obtained by acting on naphthalene (5 parts) with 
a mixture of nitric aoid (4 parts) and suljihuric acid 
(1C parts) at 40 to 50°, or by shaking naphthalene 
with nitric aoid in the cold from time to lime daring 
three weeks, and crystallising the product from 
alcohol. /9-Nitbonaphthalcn'e— 


CH CH 



Oryatallises in yellow needles; melts at 79°; is 
volatile in steam; readily soluble in alcohol. It is 
obtained by treating jS-diuzonaphthalcne nitrite* from 
^naphthylamine, nith precipitated cuprous oxide. 
1: 6 dlnitrvnaphthalene; yellow needles; melts at 
21(r. To obtain it 100 grs. of naphthalene ami 
310 CO. of nitric acid are allowed to stand for twenty* 
four hours. Then 160 cc. of sulphuric acid arc added, 
and the mixture heated on a water bath for a day. 
The acid is poured off, residue washed and dried and 
extracted with carbon disulphide, then repeatedly 
extracted with acetone to sc]iaratc li't dinitio- 
naphthalcne. It is now crystalhsed from xylene. 
For its use see Naphthylamines and Naphtha- 
QVIKONBS. 

Msphthaleiie fialphonic Acids {('hem) a-naph- 
tbalene sulphonic acid— 



♦ ’ 

A ery^alline deliquescent solid; melts at 85 to 90°. 

with sulphuric acid, it is transformed to 
iiaputhal!cim-/3-snI]>lionio acid; heated with hydio- 
chlorio acid at 20(r, it is resolved into naphthalene and 
eulphuric acid. On fusion with caustic soda it yields 
a-na^lithol; its sodium salt with phosphorus i>cnta- 
ehloride gpves the chloride (MP66°). It is 

prepared by heating naphthalene with its own weitrht 
of sulphuric aoid at 90°^ for about three hours. The 
product is poured into water, separated from un- 
changid naphthalene, neutralised with chalk, filtered 
and concentrated, when calcium naplitlmlone-iS- 
sulfibonate Hei»arate«. The mother liquor gives the 
calcium salt of the a>acid on further concentration. 
The acid is set free by addition of sulphuric acid. 
^-Naphthalene sulxihonic acid— 



■“■t- 

Crystallises in plates; not deliquescent; melts ' 

101'*; not decomposed at 200P by hydrochloric aoid. 
Its sodium salt with phosphorus pentachloride gives 
the acid chloride (» (M P7(0; fosed with 

caustic soda it gives ^-uaputhul. It is prepared by 
heating naphthalene with its own weight of suK 
phurio acid at 180° for six hours; the jpiodnot is 
})oared into water, and on adding salt the sodium 
salt separates. The fiee acid can be obtained by 
making the calcium salt instead of the smlium salt 
and decomposing it by snlphurie acii The acid can 
be hyilrolysed by distilling in superheated steam with 
dilate sulphuric acid at 135°. When the sodium salt 
of this acid is further sulphonated, it jields the 1:6 
disulphunic acid. The 1 k5 disulphonic aoid is ob¬ 
tained from na)>litha1eno (1 part) and faming 
sulphuric acid containing .30 per cent., SO, (4 parts), 
at a low temperature. The 2:6 disuiiinonic acid 
is obtained fiom uaphtlialene and sulphuric acid 
(1 to .5) at 180° for twenty-four hours. The disul- 
phouie acids, which cannot be obtained by direct 
sulphoiiation, are obtained from the naplithylamine 
sulphonic acids. These acids are largely used in the 
preparation of other nafdithalene derivatives. For 
instance, when the a-acid is nitrated and then 
reduced, a mixture of 1: S-a-naphtliylamine sulphonic 
acid ami the 1 : 5 acid is obtained, and these can be 
BciHirated by means of their sixlium salts, the salt of 
the former being much less soluble in water than that 
of the latter. 

Naphthaquinones (f^cm) a-Vaphthaquinone— 



A yellow crystalline solid; melts at 125°, but begins 
to sublime below 100°; characteristic quinone smell; 
readilj soluble m alcohol, ether, beii/.eno; distils 
in steam. It is prepared by oxidising a solution of 
naphtlialene in glacial acetic acid by tmroraic acid in 
80 per cent, acetic acid 1 i e mixture is left for three 
days, during wliieh it is shaKeii from time to time,; 
the naphthaquinone sepamtes on addition of water, 
and is crj stallisetl from petroleum ether. It U also 
obtained by oxidation of «-naphtbylamine by potas¬ 
sium dich'omatc anrl dilute sulphuric acid in the 
cold. On leduclion with zinc and hydrochloric acid 
it gives 1. 4 diliydroxynaplitlialeno; on oxidation 
with nitric !u.-id it gives plithalio arid; forms addition 
products with one molecular proportion of bromine 
or chlorine, whicli readily lose halogen acid: 


< uo-cn yW-Vl 

I! / I 

co-t’ii \ro-u 


CO - OHUr 


UHBr 


c,.n 



With primary amine.s substitution products are formed 
on heating, e.ff. witli aniline 2-anilido-a-naphtha- 
quinone, C,oIIiO,NlICJl 5 , which is red; with hydroxyl- 

OH 

amine it forms o-ofatroso-a-naphthol, 


with phenyl hydrazine it gives a hydiasone. Juglooe 
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iq.v.) is 6-hydroxy-a-napbtliaqTiinono. Naphthazarin 
is 5: e'dibydroxy-oouaphthaquiiione. It is a lustrous 
brown crystalline (needles) solid, which sublimes on 
heating; soluble in alcohol and glacial acetic acid; 
dissolves in strong sulphuric acid with a red colour, 
and in alkalis witii a blue colour. Its sodium bisul¬ 
phite compound is used as a black dye. Alizarine 
Black. It is prepared by heating 1 : 5 dinitro- 
naphthalene with concentrated sulphuric acid, and 
adding zinc from time to time; then the product is 
dilntM with water and filtered. Tlic uaphtbazarine, 
which separates on cooling, is purified by solution in 
alkali and precipitation witb acid. It is also pre¬ 
pared by electrolysing the mixture of 1; 8 and 1 : 5 
dinitronaphthalones obtained on direct nitration of the 
hydrocarbon in strong sulpliuric acid at II’O®, pouring 
the product into water at 0“ filtering, and boiling 
for an hour ^D.Ii.P. 79,406). /S-naphthaquinone, 



Red needles; decompose.* at 115 to 120®; no smell; 
not volatile in steam; soluble in alcohol, ether, 
acetic acid, benzene. It is prepared by oxidising 
a solution of o-amido-;3-naj)htbol__ hydrochloride in 
solution in water containing some sulj^liurous acid 
by means of ferric ebloride solution; the quiiione 
separates, and it is wasliod and dried. The a-amido- 
/9-naphtbol is obtained from /S-naphthol by action of 
nitrous acid, wliicdi gives a-nitroso-/J-iiaphthol, and 
the latter on reduction with ammonium sulphide 
gives a-amido-j8-naphtli(il. Many of its reactions 
arc similar to tliosc of o-naphihaquinone; e.g. on 
reduction it gives 1 : 2 dihydroxyiiaphtlialene: on 
oxidation it gives phthalic acid; it add.s bromine 
and l■blorina in tlic .sam'e way; beliave.s in the same 
way towards liydroxylamine and pbenylhydrazine. 

Naphthoic Acids ((hem.) These are the naph¬ 
thalene aiiahtgues of benzoic aeid. a-NAl’flTHOlC 
AOID crystallises in white 
mjedlcs; melts at 102'; 
sparingly soluble in water ; 
soluble in alcohol; heated 
with soda lime, it gives 
naphthalene; on nitration 
it yields a mixture of the 1: 

Sandl : 8nitro-a-naphthoic 
acids; on oxidation with 
chromic acid in glacial dh naphthoic ..acid 
acetic acid, it gives phthalic 

acid. It is obtained by hydrolysis of its nitrile, and 
the latter can be obtained by distilling sodium 
napbtbalehe-a-sulphonate with potassium cyiutide or 
ferrocyanide. It is also obtained fusing potassium 
naphthalene - a - sulphonate with sodium formate. 
jJ-NAPHTHOto Acid : white neetlles; melts at 185®: 
sparingly soluble in water; 
very soluble in alcohol; 
reactions with soda lime 
and chromic acid are the 
same as the n-acid ; on 
nitration it ^elds five 
nitro-/9-naphtboic acids. It 
is obtains by hydrolysis 
of its nitrile, and the latter 
is formed from the sodium 


/S-Bulphonate just as with the a-scid. Both acids 
yield hydroxy-acidi;, which are analogous to the 
hydroxy-benzoic acids. These hydroxy-acids can be 
obtained by beating the sodium salt of the two 
naphthols in carbon dioxide, just as salicylic add is 
obtained from the sodium salt of phenol. From the 
sodium salt of. ^-napbthol treated with carbon 
dioxide at 120° to 145®, the carboxj'l group enters at 
position 1 ; but at 200° to 250® the carboxyl group 
enters at position 3. This last acid has a yellow 
colour, and on this account this formula has been 
suggested for it: 



Tlie acids (OH-l: COOH-2) : (OH-2:COOH-l) : 
(OH — 2: coon — 3) all colour ferric chloride solution 
blue. Both naphthoic acids on reduction with 
sodium amalgam give dihydronaphthoic acids, the 
hydrogen entering the substituted ring. When tlie 
reduction is effected in the cold, labile forms are 
obtained which pass on warming with c.austjc soda 
partly into more stable forms : 



Naphthol Black. f!ee Dyes and Dtbieg. 

Naphtholg. a-NAPiiTiiOL : white shining needles; 
melts at 94°; boils at 279°; smell.* like phenol; readily 
soluble in alcohol, ether, ben¬ 
zene ; sparingly soluble in 
{ water; volatile in steam. It 
can be obtained by (lie diazo- 
rcaction from a-naphthylainiuc, 
but is obtained on the large 
scale by heating sodium naph- 
thalenc - o - sulphonate with 
caustic soda, acidifying the 
product and distilling. Its 
synthesis is given under naplithalcne. With caustic 
soda the hydroxyl hydrogen is replaced by sodium, 
giving sodium naplitholatc; with ferric chloride 
it gives a violet precipitate of din.vphthol; yields 
a nilroso-compound (j-.u.) with nitrous acid; on 
reduction with sodium and amyl alcohol it forms 
ar-tetrahydro-a-naphthol {ice nnder Naphthyla- 
MiNES), which melts at 69°. On nitration it gives the 
dinitro-o-naphthol, OHl : 2 : 4, which resembles 
picric acid. The sodium salt is the yellow dye 
Martins yellow, also qplled naphthol yellow. 
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^•JsAi'HTHOL : white sliining scales; melts at 122'’; 
boils at 2.S6’; smells like 
phenol; readily soluble in 
alcohol, ether, benzene, hot 
water; soluble in olive oil 
(1 in 8); powerful antiseptic, 
and is on this account used 
in medicine. Obtained like 
a-n:)phthol,using/3-naphlhyl- 
aminc or sodium najihtha- 
lcne-j8-sulphonatc. Ileacts 
with caustic soda like n-naphthol; also with ferric 
chloride, but the coloiidion i^ green : also with 
nitrons acid: on reduction with sodium and amyl 
alcohol it yields ac- and ar-tetrahydro-d-na}«hthoi; 
the former boils at 2H1°, and the latter melts al ais'" 
and boils at 275'’. Ihitli uaphthol.-. form ethers. Tlio 
jS-naphthol methyl and ethyl ethers— 


M.r. 70°, ll.r. 271°, .and 




M.l' 


15. r. 274 


arc obtained by heating ^-n.T.phtliol witli methjl and j 
ethyl alcohol, as the case may be, ,ami concentrated ! 
sulphuric acid at 12.5°. They are both used in making i 
perfumes: the former .smells like neroli oil (the oil I 
from llowers of the bitter and sweet orange); the 
latter, also known as firomelia. has an acaeia-like 
smell. 15oth uaphihols combine wnlh diazo-com- 
ponuds: n-naphlbol takes on the diazo-oompound ; 
at position 4, or, if tiiis is occupieil, at position 2, | 
while/3-iiaphth(d takes it on at position 1, or, if this j 
is occupied, at po.'ition 3. IManj' of tlieso azo- 
eomponnds are d>es. Examples; grr Fast ItKD 
(llocEliUNK) iind Fast Bicown iitidtr Napiituyi.- 
AMIXEB: here tin; diazo-com])ound is that of napli- 
thionic acid. lliL’niiicii Scarlkt is olitained from 
/3-uaphthol and ajuidoazobeuzene disiiljihonic acid; 

/'SO..O.Va 

it is NaOO,.SC„n,. X = N . CgTI, \ 


IJotli naphthols yield a large number of .sulphonic 
acids, w'hieh arc used in making dye.s. a-najihthol- 
sulphonic acid, XW (1 : 4), is obtained liy diazotising 
naphthiouic acid and boiling with dilnie sulphuric 
acid, or by heating .sodium uajilUiiionatc with a 
solution of caustic sodit under pres.sure : white crys¬ 
tals ; melts at 170°; soluble in water. Ousj-iiLi.iXE 
(BB) is an example of a red dye obtained from this 
acid by treating witti diazotised amidoazotoluciic- 
monosulpLonic acid ; it has the formula 


CH, 


CH, 

NaO. O..K 


/ 

rjL.N„.('H-X,.- 


-c,„n 


i/OR 

■ l,NSOjOXa 


/9-naphthol suljihonic acid (2.0) is obtaineil by 
heating ^-naphthol with twice its weight of concen¬ 
trated sulphuric acid at 100° ; on adding water and 
salting out it.s .sodium salt crjsralli.se«. This aeid is 
used in making the dye Bbili.iant On vNo R (Ponceau 
4 OB) by allowing it to act on diazotised aniline. 
The dye has the formula 

rjl,-X ; N-!.r,„Hj01I, SO^lNa. 


The photographic developer EikoNOOJBN is prepared 


from this acid by acting on one of its salts with 
sodium nitrite and hydrochloric ,acid, and retlucing 
the nitroso-compound thus formed by staD.iioiis 
chloride : 

NO 



Nil.. 

Y ^ou 


NaOO„S 

Eikonogeu. 

It can also be obtained >>y reducing the above dye 
tPonoeau 4 ttB) by stannous chloiidc. Nino of the 
ton theoretically possible dioxynaphtbalones are 
known. SiM'eval Irioxyuiipbthalcncs are known. The 
1 : 1:5 compound is o-h\drojuglouc. Xiv Jt’tiLONM 
aud NAPIITHAQI'INONES. 


Naphthol Yellow. -Sec Byes and DYEiNti. 

Naphthyl it 'hem.) The name given to the ivshlue 
remaining when one hjdrogen atom is removed Ironi 
the naphthalene molecule. The resiUue when a 
hydrogen atom is rcmoicd from an a-position is 
called a-naphthyl; when it i» removed from a ji- 
piisitioii it is calleil /J-naphtbyl. -'•'cc Naphtuyi.- 
A.UINE.S. 



HC' 


Naphthylamines. a-X.UMiTnvi-AMiNi;: whiu 
Solid; crystallise.s in lliU needles; melts at 51* ; 
boil.s at ilOtP; turns red 

in ail : iinpleas.ant .smell; CfNHi 

oasils volatile: insoluble 
ill waiei ; riadily solunlc 
in alcohol, eilu-r, aniline. 

It is obtained by rediic- 
i n g a-nitronaphthaleiie 
with tin and bydrochloiic 
aeid. or, on the large I i i 

.scale, with iron in place C]|*napn tnylarnine 
of tin. It is a base, ami 

foims .salts with acids; sointions of its salts give a 
blue precijiitale with oxidising agenl.s, e.g. with 
chromic acid. Its .salts give the diazo-rc.action with 
nitrous acid, .and diazo-naphtlialeiie-sulphate gives 
a-naiihlhul on boiling with dilute acid. The diazo- 
chkiridc, treated with a-naphthylamine hydn- 
chloride in the cold and alkaline solution, givo.s 
lUazoamidonaphthalenc, which imdorgocs intramo- 
1«c;d.'ir cliamre to a-AjlTDO-AzoNAPilTHALENli— 


>;=N —Nil N=»-N 

CO 00 0000 

Nil, 

The latter compound, on heating with a-napthylaminc 
lijdrochloride in glacial acetic acid solution, gives 
the (lye Map'dala red or naphthalene red. Its 
alcohol solution has sjjleudid yellow fluorescence. 
A solution of a-naphthylamine in dilute acetic acid, 
when mixed with a solution of sulphanilic acid, 
constitutes an extremely delicate test for nitrous 
acid or a nitrite (1 in l(Xt,000,()00). This depends 
on a similar reaction to the above, a-naphtliylaminc- 
azobenzene sulphouie acid being formed, CjIl^SO.jOll. 
NjCijlIgNI1.J, which gives a beautiful colour in 
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acid solution. On reduction of a-naphthylamine 
with sodium in boiling amyl alcohol, four hydrogen 
atoms arc added 
on to the unsub- 
atitutcd nucleus, 
forming ar-TETKA- 
HyoBo - a - Napu- 
THYLAMIKK (ar- 
is an abbreviation 
of aromatic, and 
may be taken to 
rueuu that the sub¬ 
stituted ring ac¬ 
quires a true aromatic character); a liquid; boils at 
276'*; a weak base; rciluces salts of t lic noble 
metals; gives diazo-reaction with nitrous acid; on 
oxidation it 



<-H,.coon 


n,r 

gives adipic acid, I 
ir.,(' 


CHNH, 



dc-tetrahydro-dt-naphthylamine 


CH 


lU 


Ht 


COOTl 


cri 




from 1:5 napbtb\lenediamino by reducing with 
sodium in amvl aleolml, <liazotising, reducing to 
the hydrazine, and warming witli eopper sulphate 
solution. The 1 : 5 dianiine is obtained from 1 ; r» 
DlNlTKONAPHTHALBN E — 


napthaquinone, and the latter on farther oxidation 
also gives phthalic acid; As a>nitronaphthalene, 
from which a-naphthyluminc is obtained on reduction, 
gives nitrophthalic acid, naphthalene must contain 
two benzene rings, one of which is destroyed when 
the nitro-compound is oxidised, and the other when 
the amine i.s oxidised— 


CM 

ar-tetrahydro-ct* naphthylamine 


. and oxalic 



C1I,.COOH 

acid. The isomeric uc-'rjiTR.tnYDRO-o-NArHTUYL- 
AMiNE (ao- is an 
abiireviationofali- 
cyelic, and may be 
taken to mean that 
the sulistituted 
ring acquires tlie 
j>ro]>erties of an 
aliphatic ( y . »•. ) 
substaiuH;) i*. a 
liquid : boils at 

; has a smt- II like piperidine; strong base, 
taking up carbon dioxide from the ait ; no rejiiucing 
pi-opcrlic.s; witli nitrous aiid gi\es crystalline 
nitrate; on oxidation with ]iot.assiuin permangan¬ 
ate it gives l)RTHOCAUHOXY-l9-riIKNYl.-l‘ROPIONIC' 
Acid, 


It is obtained 


C-SM, 


CH HH, 


Hc/ N 

< \ch-:hc/ > 

r XCH^wHC. 

T 1 


U 1 



Hcl. J 


k 










melts 

water 


CWH, 


/3-NaphthylamiNe 


HOOC 

/1-JsAPliTUYLAMlNE: whit( crystalline scidos : 
at 112'; boils at 294°: no smell; olnble in 
(solution has blue fluoi- 
e.scence), alcohol, eiluu-; 
volatile i n .stedm. Obta in* -(I 
by beat ing /J-naphthol with 
the zinc chloride com¬ 
pound of ainmoiiiii (ZnCl.^. 

Nil,) at a high teiniiera- 
ture. Jt is a base ; does 
not give a colour with 
oxiiliftiug agents. It.s salts 
give the diazo-reaction 
w'ith nitrous a. hi. t)n reduction with sodium in boil¬ 
ing amyl alcohol solution, it yields both the ar- and 
ac-tetraby<lro-/3-napLtliylaraines, the latter in larger 
amount (!•« per cent.) ; they closely resemble the 
cori-osponding tt-compeuuds. and boil respectively at 
27tl° and‘ilib. A very largo number of .sub.stitution 
products of the two napbthylamines is knoNvn, 
especially nitro-derivatives .T-ud sulphonic acids; 
they are exten.^ivelr used in dye making. Naph- 
TiiioNif Acid— 

CIT r.Nll.. 

T1 

Icil 

Cl I C.SO,t)Il 
a white solid ^needles); .sparingly soluble in water; 
obtained by heating a-naphthylamine with con¬ 
centrated sulphuric acid (4 to .'5 part.*-) at 100 to 110°; 
is used in the prcpai'ation of Condo JImd {q.v.). and 
many other red dyes, e.g. Fast Ubu (rocelliuc)— 


J-fSOjONa 

from naphtbionie acid and j3-naplitbol, Fast Brown 
S. from naphlliitmic acid and a-uapiithol. When 
/ 3 -naphthylamiuc is tieated with strong snlpliuric 
acid, four different sulphonic acids are obtained. 



VIZ . 

2 ; H (a-aciil), 2 : « (/3-acid). 2 :.') (y-acM), 

2 .7 (5-acul). 

(See Nitbonaphthalenbs. Wlten a-uaphthylamiue The a- and 7 -acids are formed first, and the other two 
i.s oxidised with potassium dichromate and dilute are formed from these at a Itigiier temperature; the 
sulpiinric acid it gives phthalic acid ami 1:4 /3- and ^-aciils are imiKirtant in dye making, and 

* Thin coniponud, »c-ar-tetnihyJronaphtliylenecUaniine, liokttT«a at the aanie time as un aromatic and an alivycUc amine. 
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they are more conveniently obtained from the 
corresponding /S-napht.hol sulplionic acids by heating 
with ammonia under pressure. The cotton dye 
Hbliottiofe may be taken as an example of a dye 
from the 8-acid: it is obtained from the diazo- 
oomponnd of dianisidinc, and has the formula 


.^OCH 


.NHC.A 

1 AN:N -C,„H, ^ 


SOjONa 


7 ,SO..OXa 
C,,TIA 

t'„H/ s' 

’\OCH, 

Napier's Compasses. Drawing compasses, with 
legs made to foki up for carrying in the pocket. 


Napkin Pattern. See Linen Fold. 

Naples Yellow (J5cc.) Most of the yellow sold 
under this name is a mixture of cadmium yellow with 
zinc white. True Naples yellow is jircpared from oxide 
of lead and antimony. It is not much used now, 
having been J.'vrgoly rejjl.tced by chrome yellow. 

Napping {Textile Manvfae.') J'roces.s of develop¬ 
ing thonafiby rubbing the raised fibres into small 
curls, the woik being done on the napper or napping 
machine. 

Nskrcotic. A drug used to produce sleep i>r deaden 
jiain. Most narcotics arc poisonous when taken in 


methyl iodide. It contains three methoxy-gronpa, 
because one molecular proportion of the alkaloid on 
treatment with hydriodic acid yields three molecular 
proportions of methyl iodide. Further: (1) it is 
hydrolysed by dilute sulphurio acid, giving opianic 
acid and hydrocotarnine. But these two do not yield 
narcothie when made to unite by warming with 
concentrated hydrochloric acid ; an isomeric com¬ 
pound isonarcotinc is the product. (2) It is reduced 
by zinc and dilute sulpbiiric acid to meconine and 
hydrocotarnine. (3) It is oxidised by manganese 
dioxide and sulphuric acid, or by nitric acid to 
opianic acid and cotaruinc. (4) Meconine and 
hydrocotarnine are respectively reduction products of 
opianic acid and cotarnine. The constitution of 
meconine and of opianic acid is known. Cotarnine 
is an aldehyde ; it is also a secondary ba.se uniting 
with methyl iodide to form cotaminemethinemethyl 
iodide. This last compound is resolveil by caustic 
soda into trimethylamine and cotarnone, and the 
latter on oxidation yields cotarnic acid. Cotarnine 
itself, on oxidation, yields cotarnic acid, and another 
acid of known constitution—the methyl bctjiine 
of cinchomcronic acid (apojdiyllenic acid). The 
constitution of cotarnic acid is deduced from the 
f.acts tliat it forms an anhydride, and yields on heat- 
jjig with hy<lro(:h]oric acid the methylmcthylenc 
ether of gailii- acid, and wdth hydriodic acid gallic 
acid itself. Thus wc have: 


large doses. 

Narcotine. White nee<llc.s; nu-lts 
at ITt)*; nearly insoluble in water; 
sparingly solutfie in cold alcohol; 
fairly soluble in boiling alcohol ; 
fairly soluble in benzene; easily 
soluble in chloroform; strongly hevo- 
rotatury, but its salts are dextroro¬ 
tatory ; only feebly poist)nous, and 
it has no narcot ic action (hence it. 
is sometimes called aimrcotine); it 
is a feeble base, having no action on 
litmus, its salts being hydrolysed by 



water, and sodium acetate lilxirates Cptarncne CbtaininniidhirinitftliiiWdf ‘Cotareinc 


ilie base from a solution of narcotine 


hydrochloride. It wa.s the fir.st alka¬ 
loid extracted from opinm, anrl i.-. the 
principal alkaloid in Indian opium. 
The amount in ojriutn is from aliout. 
1 to 9 i)cr cent, and it i.s nearly all 
uncombined, so that when opium 
is extracted with water nearly jill 
the narcotine remains in the re.sidue. 



Tliis Tcsidue is extracted wiili dilute hydrochloric 
acid, the solution precijlitated witli smlium acetate, 
and the preeijatate extracted witli boiling alcohol; 
the alkaloid crystallises out on cooling. Tlie above 
formula for narcotine is based on the following re.- 





NuTOotioe. 


actions of the alkaloid and of its derivatives. Nar- 
ootine is a tertiarv base because it combines with 


'Sa.rro'w (Typoff.) Tiicname applied to furniture 
(fj.r.) three picas in width. 

Narrow Gauge (Tiril Jiny.) a term now com¬ 
monly applied in England to any railway track of 
gauge less than the standard gauge of 4 ft. 8j| in. 
A 3 ft, gauge is the commonest narrow gauge in 
England. It was formerly n.stid to di.stinguish the 
present stanrlarrl gauge from the wide gauge (y.v.), 
which is now obsolete. 

Narthez (AreJiitrrt.') An inner porch in Early 
Christian churches, used for the reception of peni¬ 
tents and the repetition of catechisms. It is separ¬ 
ated from the nave by means of a screen. See 
Basilica, Nave. 

Narwhal (Ziu>l.) A cetaceous mammal (Monodoft 
mtmorerot) belonging to the Dolphin tribe, frequent¬ 
ing Arctic seas. Its curious twisted tusk, often 
measuring eight feet in len^, yields a very valuable 
ivorv. The oil also is used in oomroeroe. 



NAB 


463 


NBA 


Nasturtium (JMany). The watercress {^Nmturtium. 
officinale) is a member of the Dicotyledon order 
Cruciferee. The garden nasturtium is a Tntpceolum 
belonging to the Trupmolaaeo'. 

National GaUer^ (London). Ilie present build* 
iug on the north side of Trafalgar Square, erected 
from designs by Mr. Wilkins, was opened in 1838. 
The Gallery was founded in 1824 by the purchase of 
Mr. J. J. Angerstein’s collection, numbering thirty- 
eight pictures, which were exhibited in T;ill Mall. 
Q'he G^lery contains most important examples of the 
English school, including masterpieces by Ileynolds, 
Gainsborough, Landsoor, II<igarth, Turner, Constable, 
Wilkie, llomnoy, Etty, Herring, Callcott, Mulready, 
Muclisc, us well as many of the finest examples 
of Kaphacl, Titian, Curregio, Vamlyck, Uembrandt, 
liubens, Teniers, Cuyp, Murillo, Velasquez, Claude, 
and others. Admission to the public free on Mou- 
daya, Tuiisdays, Wednesdays, and Saturdays; a 
charge of .six}K:nce is made on Thursdays and 
fc’ridjiys (students* days). 

National Gallery of British Art (Tate Gallery). 

This gallery, erected by Iho goiU'rosity f)f bir Ileuiy 
Tate. Ilart., is .situate at Millbank, S.W., faring the 
Thames. Many of tin* works of Jiritish artiiit.s have 
been tr:uisferred to this building from the Eatiunal 
Gallery. Students’ days, Tues<lays and Wednesdays. 
A charge, of six[)ence is made for admission on these 
days; on other weekdays admission i.s free. 

National Portrait Gallery (London). This gallery' 
is situate in 8 t. Alai tin’s i’lace (at the rear ol the 
National Gallery'). It was built by the generosity of 
Mr. W. n, Alexander, and was opened to the public 
in 18th>. rreviously the portraits were at Kmith 
Kensington. Tlie collection numbers about 1,400. 
Admission as to .National tlallery. 

Native. 'I'he term applied to metals wliicli arc 
found in the earth in tlie condition of elements. 
See MKT.tLLCHay and Mining. 

Natrolite {Min.) A hydrous sodium aluminium 
silicate, Na^O . Al.O,, 3Si().j. Ortliorliombic. 

One of the zeolites. It occurs in slender ery.stals, 
usually' colourless, souietlmes yellowish; also mas¬ 
sive and radiating. It ficscs in the candle llame. 
Also known as mesotype. From cavities in basic 
volcanic rocks in Weotlaud, Ireland, the United 
(States, etc. 

Natron (.Vta.) Sodium carbonate, Na.X' 03 .10IT.,t) 
Smia = lS- 8 , caiixm dioxide = 2t:'7, water => .'ll-.") per 
cent. Monosy'inmctrie, usually us an incrustration. 
It effervesces with acids, and effloresces on exposure. 
It occurs in a.ssociatiou witli other carbonates of 
sodium in Egypt, Hungary', and Mexico. 

Natural (ilfK.nV). Marked by a Jj. It has the power 
of restoring a note to its original j)Osltion after 
being made sharp or flat. Naturals always fall on 
the white keys of the pianoforte, hence tho scale of 
C is sometimes spoken of as the natural scalt*. Wlicu 
a natural occurs with a sharp or flat, a--. or fclj, 
it restores respectively a double shai’]r to a sharp, or a 
double flat to a Hat. 

- or Naperian Logarithms. See Log arithms. 

Natural Draught (AVv-) Draught or air supply- 
produced by the uprush of Insatcd gsxses in Hues and 
chimneys. See aleo Forced Dradgjit. 

Natural Gaa Ga.seous compounds of carbon and 
l)ydrogen which are given forth from the earth under 


various geographical conditions. They include the 
gaseous exh^ations from swamps, the various gases 
given off by active or by dormant volcanoes, and 
the gaseous compounds arising from bore holes tltat 
have penetrated to the underground reservoirs where 
petroleum is found. I'he gas is principally Methane, 
but is accomi^nied by Hydrogen, Ethane, Propane, 
and Butane. 

Natural Magnet. See Magnet. 

Natural Period (^Phye.) The time occupied by 
some cycle of o^jerations, tnovcments, etc., when tbo 
body (or system of bodies) under consideration is 
left to it.self. 

Natural Seale {Surveying). A scale so named as 
to iudicam the ratio a distance, as represented on a 
map, buais to the actual distance ; c.g. one inch to a 
mile is represented by the natural scale 

Natural Waters {(%rm.) The.'.e are min, river, 
spring, and sea water. See W'athr. 

Naumachia {Areiueol.) A large building in the 
form of an aiu])hithcatrc, used by the liomuns for 
giving representations of sea fights. 

Naumann’s Notation {Min.) One of tlie systems 
of cxprexsiiig the relation of a crystal form to the 
axis, hi it the components of the symbol expre.*-a 
the relations of the intercepts of tho crystal form on 
the three axes, tho unit length of the axis being 
designated by 0 in the cubic system and P in the 
otlier .systems, wliile oc is used when the intercept 
is infinity, Lc. w'hen the form is parallel to that 
particular axis. 

Naut or Knot. Sec Nautical Mile. 

Nautical Almanack {At,iroH.. Navigation). An 
elaborate series of data showing the motions and 
Ixi.sifious of the celestial bodies. It i.s compiled at 
the Nautical Almanack Office in London, fur four 
years in advance, and fumislies data which are 
absolutely ini lispensablo in navigation and exploia- 
tioii, and of the utmost importance to all astronomical 
observers. It is perhaps the finest ex.'iinple in ex¬ 
istence of the utility of what are apparently tlie 
most abstru.'-c anil theoretical oUservarlons and 
calculations. 

Nautical Mile. A minute of arc of the Meridian; 
sometimes called a knot, though 1 he latter is, corrcirtly 
speaking, the rate of one nautical mile per liour. A 
nautical mile i.s 0.087 ft., or l'i52 miles. See also 
WEIGHT.S AND JIeASUUES. 

Naval Crown (//cr.) A circlet on w'iiicLi is arranged 
alternately four sterns and four masts with sail. 

Nave. The central part of a wheel; also called 
Hub and Buss. 

- {Arc/citect.) The part of a church situate 

I between the aisles and west of the chancel. Tin- 
j term nave is derived from the Greek word Niaos. See 
I Orel, Aisle, atid Cuancbl. 

I Navier’a Formula (A’«'/ , efe.) See Gordon’s 
! Formula. 

Nb {(VteiH.) The symbol for Niobium {q.r ) 

Ne {Client.) The .symbol for Neon (jf.t'.) 

Neapolitan Sixth {Music). The major common 
cliord of the minor seimnd of the key in its first 
inversion—a chord on the subdominant with the 
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minor 3rd and minor 6th added. In the key of G 
the Neapolitan 6tJi is 



Neap Tides (Astron.} S(-r Tibbs and Lagging. 

Neat (PlaxteriTiff'). Cement or plaster without the 
addition of sand, i.e. a mixture of cement or j)laster 
with water only. 

Neat’s Foot Oil. Waste rnoDucTs. 

Neat Soap i&xip Mann/ac.') S/'r Fitting. 

Nebeculss Ser M.\gellanic Clouds. 

Nebris {^Art). A fawn's skin, the coveiing of 
Jlacohu.s, Haeehantes, and fauns. 

Nebula {Atfron,') A luminous cloud seen in the 
heavens on a <lark night, which no telescopic power 
can resolve into stars. The form is both regular and 
irregular. Tliat in Orion is the most brilliant and 
easy to see. 

Nebular Hypothesis (Axtron.) A hypothesis 
first worked out in nialheniatical detail by Jia]ilace. 
The basis of it is tliat at some time in the past tlio 
matter which is now gatlicivd into tlie form of the 
sun and planets wa.s once a large nebula in an 
incandescent .state. This subscqiient cooling and 
rotating mass contracted and left, behind masses 
wllicit form the planets. 

Nobule (.IrrJiiieii.) An enriched moulding used 
in Norman work. The lower edge of the mottlding 
is an undulating line, in the hollows of which 
sphertiidal forms are worked, 

Nebuly «r Nebulee {Ifcr. > A ixiif hion lino. Siniilat 
to dovetail joint, only instead of being angular it 
bends m curves. 

Neck {Architccl.') Thai part of a cajiital im¬ 
mediately abote its lowo.'t monlcliugs, usuallt a 
continuation of the .shaft ; c.ij. that part of a Itoriian 
I>oric capital between the .a.stragal and the annulets. 
See COLUAIN. 

- (Jinff.) A general name for a narrow jiortion 

of some object; in particular, the .lomx.M. ((f.r.) of 
a shaft. 

Necklace. An ornament worn round the neck ; 
])iobably the most universsd and t'le oldest form of 
jieisoual adornment. 

Necks, Volcanic (f/Vof) A general term for the 
materials which have fiiiallj occupied the pipe or 
chimney of a volcano between the crater and the 
focus. In many cases the vcuit is occupied byfi.ng- 
mentary matt;rial or agglomerate, whioh has been 
ejected from the volcano during .an explosive erupt ion, 
and which has .sub.scquently lallen back into the rent 
and finally choked it up In other oases the vent 
has been filled with wdiat wns originally fluid rock, 
which has consolidated there and been left asa jilug; 
or tlierc may exist a combination of these two. 
Necks commonly give rise to conspicuous scenic 
fe.'ituies. 

Necropolis. A large cemetotT; in ancient time.s 
tiic hurisd ]ilaccs were frequently subterranean. See 
CATACOMBa 

Needle (('arji.) In shoring, the needle is the liori- 
zontal timiicr going through the wall and resting on 
the top of dead shores nr the head of raking shores. 
See Khoring. 


Needle {Elect. ) See Magnetic Needle. 

- {Mining'), A rod used in making a small 

hole for firing a blasting charge. 

-, Astatic {Elect.) See Astatic Needles. 

-, Dipping {Elect.) A magnetic needle turning 

about a horizontal axis; used in measuring the Dip 
{q.c.) 

Needle Lubricator {Eng.) An oil vessel with a 
\criLcal passage or tube leading from the lowest part 
of the oil spiico to the point where lubrication is 
required. A thin rod loosely fitting this passage 
prevents a too rapid flow of oil. but its vibration 
ciiuscs a small regular stream to run down into tbe 
bearing. 

Needle Machine ( Larr. Manu/ne.) That form of 
Swiss embroidery machine, also known a.s the liand 
machine, wherein small needles with an eye in the 
midille, threaded with ii suitable length of silk or 
thre.'id, are mechanically jiassed back and forth 
through the fabric to he embroidered, with the same 
results as in li.atid work. H i.s a much .slower process 
(about .si-x stitclie.s a minute) than shuttle embroidery, 
but 1 he results attained justify the extra labour. 

Needle Valve {Eng ) A valve consisting of a 
pointed rod of metal; the point jti.st fits into a 
suitably shaped hole, which it ojieiis or close.s by its 
inotiou. Neoillt- MiUes are commonly used in SPKAV 
(.’Al{BrKETTEll.S [t/.r.) 

Negative < Photo.) A pliotographie image or picture 
in which the lightest jtorlions of tlie object are 
rcpre-ictited by the daikn.'t portion.- of tlic imago, and 
vif( rerttf. A neg.'iiive is formed by the action of the 
light on a sensirive film, whieli is .supiiorteil on a 
piattt (il glass 01 a sheet of paper tir cellnloid. 

- (TtxfiJr Muhh/hc.) A term apjiliud to any 

shedding or taking up motion reijidring tlie assist¬ 
ance of spring.s or weight.s Sorootimes teimed non- 
positive. Also applied to different working jinrts of 
spinning maobinory. 

Negative Brush t Ele<t.) The brusli of a dynamo 
or motor, wliicli b eonnecteo to tlie negative 
torminal. 

Negative Charge {Elect.) A charge of electricity 
of the kind jirodnced on a rod of resin by rubbing it 
with (luniiel. 

Negative Crystal {Phye.) A Iniaxal f.Ty.stal 
{q.r.) in whieli the velocil.i of the Extraordinary 
Kay is in general greater tiuiii that of the Ordinary 
Kay. iSv? Double IIkfr\».'T10n. 

Negative Plate of a Cell {Elect.) In :i jiriinary 
cell, the zinc jiliite (or corre.sjioiiding element) ; in a 
storage cell or acciiniiilator. the plate which is con¬ 
nected to the negative terminal of the charging 
dynamo 

Negative Stress {Eng., etc.) A Tension or 
Tensile Strebr, 

Negur {Soap Mminfac.) The dirty atjueous layer 
which settles in the soap pan in the manufacture of 
fitted soaps {q.r.) Also sjiellftd negre, nigre, and 
nigger. See Fitti.ng. 

Neodymium (Chem.) See Didymium. 
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Neon {Chem.), Ne. Atomic weight, 20. A gas 
oooumng in air (1 to 2 parts in 100,000); Las no 
1 uactions; the ratio of the two specific heals is 
1:66, so that it has a monatoinic molecule, and is 
t herefore an element, lias a cliaracteristic and com- 
] ilex spectrum—many lines in the red, three in the 
green, and a number of blue lines. Density, fl-97. 
I’ritical temperature below -205°. To obtain it the 
iincondensed gases from an air liquefier, consisting 
■tif helium, neon, nitrogen, argon, etc., are liquefied 
and air blowni through tiie liqiiiil. The first portions 
of gas which come away are collected sejiarately, and 
the oxygen and nitrogen removed respectively by red- 
hot copper and heated magnesium. The remaining 
gas is liquefied, and on distillation helium and neon 
))asR over, and these can be separated by fractional 
distillation at tlie temperature of boiling hydrogen : 
at thi.s tcmiicrature la-lium is gaseous, while neon is 
liquid or possibly .solid, 

Nep (Textile. Many flic) Small clu.stcr of fibres 
in the wool stafilc. Dillieult to open or separate. It 
is such fibres that form Noil. (i].r.) in the combing 
iTOcess, i%e aho Neps. 

Nepheline (Min.) A .silieate of alnmiuium, sodium, 
and potassium, 3NaA). K,,0. lAlxlj. 9SiU„. Silica - 
'I4'2, aluinina = 3.'b7, soda=n>-9. ]K)tasli==5'‘2 per cent. 
Ilexagonril; usually in short ])risnis. It occurs in 
'■cveral kinds of eruptive rocks. One of the be.st 
known localities is Monte Soiuiiia. 

Nepheliuni (Jlotauif). A genus of the older Sttphi- 
daci’ic, luitivi' to MahiyaMii. It is imi>oitant on 
account of its friiiis. tlic Kambutan, Loiigan. and 
l.itcbi. 

Nephrite (Min.) A synonym for jade (q.r.) 

Neps (('I'tlon Mnnnfur) Damaged or broken 
tibres which have escaiied tlie action of the carder 
and appear as siwcks on tlio doffer web. 

Jteptune, Planet (^Asifon) Distance from sun. 
2,7'.>l,<KJ(t,iifKt miles; mean dianieter, Itl.sdii milc<; 
j'ciiodie time, iicaily Itio _\ear.s. ]V).ssi‘ssf.s one 
satellite. This jilaneL was discovered liy !.<■ Verrier 
and Adams from luiiely tlieorctieal calculations, 
which predicted its existence on accoiim of certain 
jKTfuvb.ations o/.c) which were proilnced in the 
motion of Uranus by some unknown body. 

Nernst Lamp. See ELEcrnu' I.igiittxg. 

Neroli, Oil of ( Itnianij). An oil obtained by 
(listillation of the flowers of t'itriix nurnitiium, var. 
Jiigaradia, It is extensively Used in perfinnevy. 

Nervures {Arehitict.) The. ribs bounding the 
sides of a vaulted conijiartmont. 

Nessler’s Reagent (('hem.) A solution of mereiiric 
chloride (17.grams in 3t>() ee. water) is added to :i 
solution of jKitassiiim iodide (35 grams in IdO cc. 
water) till a iierinanent precipitate is obtained ; then 
a 20 iier cent, solution of caustic soda is added to 
makeup to a litre. A little more of the mercuric 
r-hloridc is now added to cause a slight precipitate. 
The clear liquid i.s Nes.sler’s reagent. Jt is used as a 
te.st for ammonia : delicacy, about 1 jiart animotiia 
in 25 ,(XK>,000 parts water. Dor action see Mebci'RY 
COMPOITNDH. 

Nest (dims Manufnc.) A cushion niion which 
sheot.s of glass are jtlaced tor splitting with tlie 
diamond. 


Nest Gearing (Eng.) A set of enclosed gear 
wheels, 

Nenrine (Chrm.) IVimethylvinylammoninra 
hj'droxidc, A syrujry liquid; 

very soluble in water; powerful alkali; very 
poisonous. Forms salts with acids. The picrate 
is sparingly soluble in cold water, easily soluble in 
hot water, and melts at 263°. Nenrine gives pre¬ 
cipitates with the alkaloid reagents. Tt is classed 
among the ptomaines, and is found in putrid human, 
horse, and ox flesh, and in the urine in Addison’s 
disease. It can be prepared from choline (g.v.) by 
acting upon it with lijdriodic acid, which converts it 

into the iodide The latter with 

moist silver oxide gives nenrine. When ethylene 
dibromide is acted onby trimotbylaminc the bromide 
corre.sponding to tlie above iodide is produced, and 
this also gives neurine by heating with moist silver 
oxide. 

Neutral (Paint.) A term applied to colours 
without jircdoiiiiuant tone, c.g. in watercolour 
painting certain giey col>>nr.>- nre .so called. 

Neutral Axis (Eng., etc.) The intersection of the 
cross section of a beam and the neutral layer. See 
liE.tJt. The neutral layer itself i.s .sometimes in¬ 
correctly called the noutnil axis. 

Neutral Conductor, Feeder, er Wire ( Klert. Eng.^ 
The eeiiiral or balancing wiic of a Thiiee Wire 
SVSTE il (q.r ) 

Neutral Equilibrium (Phijs., etc.) A body is in 
neutral equilitn-juin if on receiving a. small displace¬ 
ment there is no lemleiiev for tliis ilispl.aeement. 
either to iiiCToa.se as in U.vstable Kyi’lLIumVM 
(//r.\ or to decTi a.se a- m Staiilt: EgriLiKRlUSi 
(q.r.) See I'.cA'lt.HJiiirM Nei tkai.. 

Neutralisation The lu-ocess of adding a 

base to an ..cid ot an acid to a base till the jaoduct 
bas the reaction of neither. A base turns red litmus 
lil'ie. while an acid turns blue litmus red; at (lie 
neiilial j>oint the ]iroduct has no action on either red 
or blue litmus. 

Neutral Layer lEng., etc.) The part of a loaded 
beam in which there is no stress. See al.iii llBAM. 

Neutral Line (f'a?.) 'I'hc .Nr.rTRAn Axis'ir/.r.) 

Neutral Points of a Dynamo (Elect. Eng ) Two 
jioints on tlie coinmiit.'ilor (at the extremitie.s of a 
diameter) at which the bruslie» must rest, in order 
that till* current may be led away without sj^iarking 
at the bnishe.s. Set also Dynamic. 

Neutral Red (('hem.) Toluylene red, 

1 

N 

UJI, 

(cn,),x.t;ii,<; r„ii, 

iTN 

Orange red needles whicli contain four molecules 
water of crystallisation : this water is expelled at 
J5ij'. leaving the blood red anlndrous base. Soluble 
in alcohol and ether with .stmug fluo’c.seenoe. Its 
hydrochloride is a red d \e; it dyes cotton mordanted 
with tannin. 11 is prepared by oxidising a mixture of 
diraetbylp,araphenyiciicdiamino iind nictatoluylcne- 
diaraine. Neutral reil is used in bacteriology. The 
II. coli coinniuni.“ a common intestinal bacterium 
—has the power of recliiciiig a solution of neutral 
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red, thus changing its colonr to a 3 rellow. If a water 
coloured by this dyo is changed to a yellow colour it 
is one indication of the presence of the above 
organism, and therefore of the presence of sewage. 

'Neutral Temperature {Phyt.) See Thubmo- 

EtEC'tBlO JUNCTIOX. 

Neutral Tint (Paint.) An artist's watercoloni, 
made by mixing Indian ink and Chinese blue with u 
little madder. The result is a pleasing grey having 
a slightly violet hue. 

New Blue (Dee.) A permanent blue of great 
purity, permanent in oil and water and valuable for 
decorators’ purposes. It is a variety of artificial 
ultramarine blue, and ranges in colour from a 
greenish to a violet hue. 

Newel (Join.) A column supporting a handrail, 
e,g. the column at the commencement of the 
balusters on a staircase. 

Newel Steps (Join., tie.) Winding steps supported 
by a newel formed on the narrow ends of the steps. 

New Moon (A^ron.) The moon in such a position 
that its longitude is the same as that of tne sun. 
When “new’’ the moon i.s invisible. Duiing total 
solar eclipres the moon is “ new.” 

New Star (Aetron.) When in any particular part 
of the heavens a star suddenly ai>pears where no 
star had ever been observed before, a •• new star” is 
said to have made its appearance. 

Newtonian Constant of Oravitation (Vhyi.) See 

Gbavitation. 

Newtonian Telescope (Astron.) Tl.e form of 
reflecting telescope mostly used, in which the light 
from the object observed, after being reflected from 
the surface of a parabolic mirror, falls on a small 
plane mirror, placed in the optical axis of the first, 
at !Ui angle of 45°, and is viewed from the side of the 
telescope tube. 

Newton’s Law of Cooling. Tnder certain condi¬ 
tions, the rate at wLicli a hot body cools (i.e. the 
amount of heat emitted per unit time) is proportional 
to the difference of temperature between the hot 
body and tiic surrounding medium. 

Newton’s Sings. A scries of coloured rings pro¬ 
duced wiieii two transparent curved surfaces, of 
different radii, are placed in contact, e.g. when a 
convex lens of large radius is pressed against a plane 
sheet of glass. The rings surround the point of 
contact, and are formed both by 
reflected and by transndttcd light. 

New Zealand Flax (Potany). A 
strong useful fibre obtained from the 
veins of the leaves of the plant Phor- 
mium (order, Liliacea-). Used 
in the manufacture uf baskets and 
ropes. 

Ni (Chem.) The symbol for 
Nickel (q.r.) 

Nib (Dhtild.) A projection on the 
back uf a tile,for fixing to the battens. 

Niecolite (Min.) A synonym for 
Kcppebnickel (q.v.) 

Niche (Arohiteet.) A recess in 
a wall, generally intended for the 

reception of a .statue. The plan of_ 

the recess is either rectangular. Niche. 


segmental, or semicircular, the last being the most 
common fora. 

Nieholsen’s Hydrometer. See Hydboweteb, 
Nicholson’s. 

Nioholson’s Machine ( Typog.) A printing maohino 
patented by William Nionoison, 1790. The first 
machine built with a cylindrical impression motion 
and mechanical inking contrivance. 

Nichol’B Prism (Light). See POLABlSATlON. 

Nick (Typog.) A groove in the front of the shank 
of a type. It makes a distinction between different 
sorts and sizes, and enables the compositor to lift it 
in proper position. 

Nickel (Ni). Atomic weight, 58-7. A hard white 
metal capable uf a high polish; melts at a rather 
lower temperature than iron; specific gravity 8’9; it 
is magnetic; in its chemical properties it resembles 
iron, but it is less easily oxidisei], hence the use of 
nickel plating. Bed-hot nickel only decomposes 
steam slowly, forming the monoxide. Hydrochloric 
and sulphuric acids slowly dissolve it. Concentrated 
nitric acid clauses it to a.ssume the passive state just 
as it does iron (q.r.)\ dilute nitric acid readily dis¬ 
solves it. Finely diviiled nickel combines with 
carbon monoxide between 30^ and 80° to form nickel 
carbonyl, Ni(CO),. It occurs as kupfernickel, NiA.s; 
pyrrbotite, a magnetic pyrite.s in which iron is 
replaced by nickel to the extent of 5 per cent, of the 
latter or more; nickel glance, NiAsH ; pentlandite, 

(NiFe)S ; garnierite, 2 ^ (Ni. Mg)jSi,0„ It i.s 

found w'ith iron in meteorites. Many methods are 
in use for its extraction, owing to the great variety of 
its ores. Tlie Mond process is now worked on a largo 
scale in South Wales. The Canadian ores (chiefly 
pyrrbotite) are roasted, then melted with coko in a 
blast furnace; the product i.s then oxidised in a 
Bessemer converter. This product, containing about 
40 per cent of nickel, is brought to South Wales ain! 
treated by the Mond process, which i.s, in brief : (1) 
roa-sting of the “matt"; (ft) reduction by water gas 
below 400°; (c) treatment in a .special vessel by 
carbon monoxide at 80' to form nickel carbonyl; (d) 
decomposition of the nickel carbonyl at 180“ in 
s^Mtcial tubes whci-e the nickel is depositcfl, and the 
carbon monoxide is used over again, 'i'he carbon mon¬ 
oxide required is made from products of combustion 
by purifying the smoke and iia-s.sing it over heated 
coke. The nickel is melted and east into the form 
required. In America, where most nickel is extracted, 
an electrtdytic process is employed, the ore being 
first submitted to a preliminary treatment like that 
for the Mond process. Nickel is much used for 
electroplating iq.v.)-, in making coins, both alloyed 
with other metals and pure (0'98 fine); in making 
German silver (q.v.) and nickel steel. See iBON. 
Finely divided nickel nets a.s a catalytic agent in 
bringing about the union of hydrogen and certain 
unsaturated compound-s, e,s|x;cially hydrocarbons; 
r.g. v.apour of benzene and hydrogen pa.ssed over 
it at 180“ to 200“ give bexahydrobenzene; homo- 
lugucs of benzene behave similarly, ^e aUo 
Methane. 

Nickel ComponndB. Nickel Oxide, NiO, is a 
green powder; melts in the electric furnace and forms 
green crystals on solidification. Beduced to the 
metal on heating in hydrogen, or in carbon monoxide. 
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or with carbon (at 560^, carbon dioxide being formed 
in this case. It behaves as a basic oxide. It is 
obtained by heating the hydroxide or nitrate. Nickel 
sulphide, Ni 6 , is a yellow solid in the natural state 
(millerite) or when obtained by heating nickel and 
eullkhur together; a black powder when obtained by 
adding ammonium sulphide to a solution of a nickel 
salt; it is insoluble in dilute hydrochloric aoid, but 
it dissolves in ammonium sulphide—this is a u.<ieful 
distinction from cobalt. Nickel Sulphate, Ni 804 , is 
a yellow solid when anhydrous ; but the ordinary 
crystallised salt, NiSO^GHjO, is green. Nickel sulphate 
is very soluble in water (37‘4 NiSO, in 100 at 16°); 
the crystallised salt loses riHgO at 100 °, and becomes 
anhydrous above 280°. It is obtained by dissolving 
the metal, its hydroxide or carbonate, in dilute 
sulphuric acid. It combines with ammonium sulphate 
to form the double salt (NH^jjSOjNiSO^GjHO. This 
sixlt is used in nickel plating; also, by electrolysis of 
its solution, made alkaline with ammonia, chemically 
pore nickel can be obtained. Nickel Cyanide, 
Ni(CN) 2 , is obtained as a green precipitate on adding 
potassium cyanide solution to a solution of a nickel 
salt; it dissolves in excess, forming K 2 Ni(CN) 4 , but no 
salt corresixmdiijg to the cobalticyanidcs. Hypo¬ 
chlorites or hypobromites gi ve black hydrated njckelic 
oxide with this double salt—distinction from the 
cobalticyanidcs. Nickelic Oxide, Ni./),, is a black 
powder c)btaine<l by gently heating the nitrate; its 
hydnate, NLOj.^lIjO, is obtained by adding a hypo¬ 
chlorite or nypobromite solution to any solution of a 
nickel salt. Its behaviour is that of a peroxide. 
8f6 Oxides. NickelCabbonyl, NifCO),, is acolour- 
less liquid; boils at 40^, and lias a normal vupoui' 
density—the vapour exjilodes at 6 ( 1 °. In an inert gas 
it can be heated without explo.sion, but it dissociates: 
in nitrogen dissociation is complete at 155". It is 
soluble in alcohol, benzene, chloroform. It burns in 
air with a white ilaiue. Its vapour is poisonous and 
the action is characteristic —and not carlKin monoxide 
poisoning. To prepare it. nickel oxide is reduced in 
hydrogen at about 400° ; tlie reduced nickel alloweil 
to cool to from 30° to 8 t)°. and carbon monoxide is 
jiassed over it, and the e.sc.aping gas cooled by ice 
and salt when the nickel carbonyl condenses. 

Nickel Pyrites (.!//»».) A synonym for Millerite 
('/.<’•) 

Nicker (Carp., etc.) The cutting lip of certain 
forms of bits used in boring wood. 

Niootlne- 

ClI X . CII, 

licr'^o - 

lie ^ (.‘II 1I,C'-'CH, 

(jS-pyridinn-N-methyl-a-pyrrolidine). A colourless 
oily liquid; boils at 247°; has a mouse-Iikc smell 
when pure, but smells like tobacco wlien impure; 
extremely poisonous; optically active, being laevo- 
rotatory ; soluble in water and the usual organic sol¬ 
vents ; turns brown on exposure to air. It is basic, and 
forms a number of salts. Nicotine occurs in tobacco 
leaves to a very variable amount—from 0‘5 to 8 per 
cent.; tobacco smoke also contains nicotine. It is 
obtained from tobacco leaves by soaking tliem in 
acidulated water, concentrating the extract, adding 
quicklime, and distilling; the crude alkaline distil- I 
late is neutralised with oxalic acid and evaporated ; 1 


on adding conoentrated caustic potash the nicotine 
Berates, and is extracted with ether; on distilling 
off the other finally in a stream of hydrogen the 
pure base can be distilled over. The following 
reactions of nicotine are imx>ortant: it can add two, 
six, or eight atoms of hydrogen; in the last case the 
pyrrolidine ring is probably opened— 

CH, 

- (CH,),NHCH, 

H,C CH, 

NH 

It forms two isomeric iodomethylates: (1) by treating 
its hydriodide in boiling alcoholic solution with 
methyl iodide and neutralising with caustic soda— 
this lodomethylate yields a hydroxide with moist 
silver oxide, which on oxidation with potassium per¬ 
manganate gives trigonelline— 

CH 

HC C.CO 

HC CH 

N-O 

(in, 

showing that the methyl iodide has added itself to 
the pyridine nitrogen. (2) By mixing methyl alcohol 
solutions of nicotine and methyl iodide, when the 
methyl iodide adds itself to the pyrrolidine nitrogen : 
thus nicotine is a ditertiary base. When an aqueous 
solution of nicotine is boiled with silver oxide it 
gives nicotyrine; on oxidation nicotine yiold.s 
nicotinic acid, which has the formula— 

CH 

HC/^C.COOH 

HC' 'CH 
N 

Nicotine has been synthesised as follows: From 
nicotinic acid (sre Pyridine) the amide can bo pre¬ 
pared by treating its ethjd ester with ammonia. 
Sodium hjpobromitc converts the amide into 
/3-amiuopyridinc. Tlie latter, when heated with 
mucic acid, yields /S-p^ridyl-N-pyrRile, which under¬ 
goes Intramolecular rearrangement on passing it 
through a tube heated to low redness to /S-pyridyl-a- 
pyrrole. The potassium compound of jS-pyridyl-a- 
pyrrole, on treatment with methyl iodide, yields the 
lodomethylate of nicotyrine, which is identical with 
the iodomcthylate of nicotyrine obtained from 
natural nicotine. From nicotyrine, by action of a 
solution of iodine in caustic soda, iodonicotyrine is 
obtained, whicli on reduction with zinc and hydro¬ 
chloric acid, gives dihydroniCotyrine, a liquid strongly 
resembling nicotine itself. On brominatiug the last 
product and reducing the dibromidc with tin and 
hydrochloric acid, inactive nicotine isobtaineii, which 
can lie resolved into actiie nicotine by fmctional 
crystallisation of its tartrate— 



Nicotinic Acid. Nicotinic Acid Aniida. 
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(J-py riily 1-N -pyrrole. 
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Kicotyriuo lodometbylate. 

CH N.CH 

nrv^c _ ('^Vh 
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The only step which has not, been taken is the con¬ 
version of nicotyrine iorlomcthylatc into nicotyrine. 


Niello. A process of ornamenting metal plates 
by cutting a flcsign upon the surface, the incisions 
being then filled in with a black or coloured con\posi- 
lion. The best examples arc those by Italian artists 
of the fifteenth century. 

Niger Seed Oil. Made from Niger seed, the j>ro- 
duct of an Abys.sinian plant, either by hot or cold 
pressure, after grinding. The colour is similar to 
olive oil, the specific gravity ’924. It has poor drying 
qualities, and is principally used in India for food. 

Nimbus (Arf)- The halo or disc .«iinoimding the 
head in repre-sentations of saints. fHec Aureola. 

Nimbus Clouds {Meteorol.} A class of cloud. Tt 
is the cloud of continued rain or snow. Has ragged 
edges, ftcf. Clouds. 

Niobium {Chrm.) Nb. Atomic weight, 94. A 
rare metal belonging to the nitrogen group in Hie 
periodic system (j-r.) It occurs in cnlumbite tthe 
Americans call the metal colurnbium), yttrotantalite, 
euxenite. 


Nippers {Eng., etc.) I’liers, eitlier for holding or 
for cutting metal, etc. 


THipjAtiOas I%tting,etc.) A piere of pipe with a 
male thread cut the whole of its length. 


Nipples ( Cyclen). Small tubular nuts used to fix 
the heads of spokes to the rim of the machine. 

Nitrates. Salts or esters of nitric acid, derived 
from the acid hy replacement of its hydrogen by a 
metal or alcohol radical. 


HNO, 

Nitric Acid. 
UNO, 
HNO, 


KNO, 

otassinni Nitrate, 

i.ead Nitrate. 


cyi,.No, 

Ethyl Nitrate. 
Copper Nitrate, 


HNO, 

yNO, 

CHj.NO, 

HNO, 

Bi<^NO, 

ill. NO, 

UNO, 


1 


Binnntb Nitrate. 

CH,.NO, 

Glyceryl Trinitrate 



(N itroglycerine). 


The nitrates are prepared by dissolving the metal, 
its oxide, or its carbonate, whichever is most con¬ 
venient, in nitric acid, and crystallising the .solution; 
or in the case of the esters the alcohol is treated 
with nitric acid, or, as in the case of nitroglycerine, 
with a mixture of nitric and sulphuric acids. Some 
nitrates occur naturally, e.g. sodium and iiotassium 
nitrates. The metallic nitrates are soluble in water, 
except in a few cases, where the nitrate is decomposed 
by water, forming basic nitrates, which are insoluble 
in water. The common metals which form basic 
nitrates are bismuth and mercury. The nitrates of 
these metals easily dissolve in water acidified with 
nitric acid. The effect of heating nitrates is as 
follows ; Ammonium nitrate gives nitrous oxide and 
water; potassium and sodium nitrates at low redness 
give the corresponding nitrites, but at higher tem¬ 
peratures a mixture of oxides; other nitrates give 
oxygen, nitrogen peroxide, and a metallic oxide, or, 
if the oxide itself is easily decomposed by heat, the 
metal and oxygen. Most nitrates are insoluble in 
concentrated nitric acid. Nascent hydrogen reduces 
their solutions to nitrite, tlicn to ammoni.a. The 
nitrates of alcohol radicals (nitric acid ester.s) are 
liquids unlc.s.s the alcohol h.os a high nudccular 
weight, when they are solid, and explosive on 
moderate heating or on detonation ; they are hyilro- 
lysed like other esters. Ethtd nitrate, on reduction 
with till and hydrocliloric .'»cid, 3 iu 1 ilK hydroxylamine. 
For particular nitrates see under the variou.s metals 
and alcohol radieaLs. 

Nitrates in Water. Rn Sanitation. 

Nitre A common name for potas-uum 

nitrate. Si‘e 1’ota.ssium Compounds. 

- (Min.) Potassium nitrate, KNO,. Potash 

= 46 fi, nitric acid =■ .53’-} per cent. Orthorhombic 
in pri.sraatic rry.stals, also as an encrust.'vt.ion. 
Soluble in water. The chief sniiply comes from 
the soils of certain districts in India, Egypt, Persia, 
etc. 

Nitric Acid (Chem.) Aqua fortis, UNO,. A 
colourless liquid. Boils with decomposition at 
2HNO, = H.O + 2NOj, -f O, hence the acid changes 
coru]X>sition' on distillation, becoming weaker, till 
at 7G0 mm. the boiling point has risen to I20“, when 
an acid of 68 per cent., UNO, (sp. gr. 1'414 at 15°), 
distils unchanged. Nitric arid eagerly absorbs water 
from the air, and as the strong acid is volatile it 
fumes in air, owing to the water vapour present in it. 
The strongest nitric acid, which can be prepared in 
the usual way (see below), corresponds to 99*975 per 
per cent., UNO.,; but it seems very doubtful if strong 
nitric acid Las the composition HNO, at all. The 
kind of evidence on which this statement is based 
is the following. The electrical conductivity of nitric 
acid increases from a 1*3 to a 30 per cent, solution, 
HNO„ then diminishes slowly to 76 per cent., then 
rapidly to 96*12 per cent., whence it increases 
again; also from 96*12 per cent, upwards the con¬ 
ductivity diminishc.s with increase of temperature 
like that of a metal. Similar irregularities show 
tliemselves in the case of other physical constauU 
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mich as refractive index, absorption of ultra-violet 
li^ht, magnetic rotation, contraction on dilution 
with water. It is inferred that such changes can 
only be caused by changes in chemical composition. 
Professor Hartley thinks the strongest acid may have 
the formula HjNjO„; while an acid = 89'6 per cent., 
IINOj, may be a mixture of ILNjOg and lIjNO,. The 
strongest acid obtainable oiffers considerably in 
chemical behaviour from ordinary or from fuming 
nitric acid, in thai. it has no action at the ordinary 
temperature on many metals, such as copper, silver, 
mercury, magnesium, which are readily acted on 
by ordinary nitric acid, and tin is not acted on even 
when boiled with it. Calcium carbonate is also 
iinattacked by the boiling acid; but it readily 
oxidises sulphur, and nitrates organic compounds. 
Ordinary nitric acid has the following chemical 
behaviour: («) It acts as a strong monobasic acid, 
(ft) It oxidises many non-metals, e.g. carbon to carbon 
dioxide, iodine to iodic acid, HIO,, phosjjhorus to 
phosphoric acid, arsenic to arsenic acid, sulphur to 
sulphuric acid. (/?) It oxhlises various “ -ous ” salts 
to “ic” salts, f.g. 

GFeHO, + 8HNO, = 2Fcj(S0,), + Fc^CKO,)* + 2NO + 
4I1,,0. 

(rf) 1 ts action on sulphides depends on the strength 
of the acid. A diluted acid will give a nitrate and 
liberate sulphur (snlplturclted hydrogen may he 
formed and oxiiliscd to water and sulphur), while the 
strong acid will oxidise the sulphide to .sulphate, 
(e) Its action on metals seems to be dcjMjndcnt on 
the presence of nitrous acid; for when the acid is 
freed from nitrous acid, its action on metals is ex¬ 
tremely slow, and its rate of action increases with 
increase in amount of nitrous acid. The nitrous aeid 
seems to arise in the first x’lnt'c from electrolytic 
action set uj' between the metal and tniccs of 
impurities contitined in it. The nitrous acid forms 
a. nitrite of the metal, and the, nitrite is decompose<l 
by the nitric acid. In tlie ca.se of copper the 
reactions are: 

Cu + IIINO, rufS'O,),, t- 2TI,0 + 2X0 

Cu(XO.,), + 211X0, = r:u(NO,)„‘+ 211X0, 

2X0 +11,0 + 11X0, .IIINO, 

tVhen the nitrous acid reaches a certain concentra¬ 
tion the Ihiivl reaction becomes reversible, and at 
this stage nitric oxide cscayies. But other reactions 
occur too. owing to decomposition of the acids 
in other ways ; thus w'ith copper and nitric acid of 
sp. gr. 1*3, be.sidcs 90 ])er cent, of nitric oxide, 10 jior 
cent, of nitrogen peroxide is evolved, while with acid 
of sp. gr. 1-3 and over the only products are nitrogen 
trioxide and peroxide. Nitric acid acts on silver, 
bismuth, and mercury very much in the same way as 
on copper. With lca<i the reduction products are 
ditlcrcnt—40 i>cr cent, nitrons oxide, 50 per cent, 
nitric oxide, and 2'6 per cent, nitrogen peroxide. In 
general, when nitric acid acts on meUds, a nitrate is 
produced and reduction products of the acid, which 
vary with the nature of the metal, concentration of 
acid, and temperature. Ammonia is among the re¬ 
duction products when the dilute acid acts on tin and 
iron, and even hydrogen is evolved as such when the 
acid acts on magnesium. (<f) On organic compounds 
it acts : (1) As an oxidising agent; e.g. canc sugar is 
oxidised to oxalic acid. (2) On fatty compounds con¬ 
taining hydroxyl groups to form nitrates.^ This 
action occurs in absence of nitrous acid and in pre¬ 


sence, as usual, in case of ester formation, of a 
dehydrating,agent; e.g. cane sugar gives an octo- 
nitrate with concentrated nitric and sulphuric acids. 
The preparation of nitro-glycerine and gun cotton 
are other examples of the formation of nitrates. 
8ec also Ethyl Nitbate. (3) To form nitro¬ 
compounds, e.g. Nitrobenzene (g.v.') Nitric acid is 
formed in the atmosphere during electric discharges. 
Nitrogen combines with oxygen to form nitric 
oxide, which then unites with a further quantity of 
oxygen to form the peroxide, and the latter in 
contact with water gives nitric acid, 3N0^ + 11,0 = 
2HN0, + NO. This change has been imuatod on a 
manufacturing scale fur the production of nitric 
acid. Ordinarily the acid is prepared by distilling 
potassium nitrate with sulphuric acid on the labora¬ 
tory scale, or sodium nitrate in place of the potassium 
salt on a manufacturing scale. The distillate is 
always yellow on account of dissolved nitrogen 
peroxide, and it contains water and other impurities. 
To remove water it is mixed with concentrated 
Bulphnrio acid and redistilled ; to remove nitrogen 
peroxide dry air is passed through tlio acid at a 
temperature' not exceeding 35°C. The air used 
should be filtered through glass wool to remove dust. 
Such pure strong acid must be kept in the dark, as 
it is decomposed by light, the nitrogen jieroxide again 
forming and turning the acid yellow. A very stiong 
acid of sp. gr. 1 '5 and rather over, and of a yellowish 
red colour, is much used in organic, chemistry under 
the name of “ fuming nitric acid ” for making nitro 
compounds. This acid is ])rodiiccd by using aeid and 
nitrate in the proportions required by the equation 

2KN0. + H,SO, = K.,SO, + 2nN0„ 

and working at a higher temperature when a part of 
the nitric acid decomposes, giving nitrogen peroxide, 
to which the aci<l owes its red tint. Ordinarily more 
sulpihuric acid than this is us<-d ; or more sulphuric 
acid may be used and a little starch added, which 
gives with a part of the nitric acid large quantities 
of nitrogen peroxide. Nitric acid gives a rose colour 
with brucine and a deep blue colour with dipfiienyl- 
amine in strong snlj>huric acid. Both these are deli¬ 
cate tests, but the Latter i.s given by nitrites, chlorates, 
and other oxidising agents. 

Nitric Anhydride (fV/m.) Nee Nitbooen 1’ekt- 
oxiDK under XiTKOOEN Oxides. 

Nitric Oxide iCJiem.) See Nitbogbn Oxides. 

Nitrides (fftem.) Compounds formed by the 
union of two elements, one of which is nitrogen. 
The compounds of nitrogen with the commoner non- 
metals are not usually called nitrides; for example, 
the compounds of nitrogen and hydrogen have special 
names: NH, is calUid ammonia, X,n, is ^jailed 
liydrazine, and the comiiound of nitrogen and carbon 
is called cyanogen, C'..N,. The compounds of nitrt^en 
and oxygen are called nitrogen oxides. For nitrides 
see under the name of the other element, e.g. under 
Bobon Compounds, Magnesium Compounds, etc. 

Nitrification ( Cketn.) The bacteriological process 
by which ammonia, liberated from decaying nitro¬ 
genous organic matter or brought into soils by rain, 
is changed in the soils to nitrates. Two kinds of 
bacteria arc concerned in the process, one kind 
oxidising the ammonia to a nitrite, and the other 
kind oxidising the nitrite to nitrate. 
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Nitriles iChem.) Cjamdes of organic radicals. 
Oontpounds of the formnla Rs. (CN)**, where B is 
hydrogen or a hydrocarbon residue, and N is a 
whole namber. They are usually colourless liquids 
with an agreeable smell, and except the simplest 
members insoluble in water; e.g. formonitrile and 
acetonitrile are soluble in water, propioniti'ile only 
partly soluble in water. They are named in two 
ways: (a) from the acid formed on hydrolysis, e.g. 
acetonitrile, CHj,GN, which yields acetic acid on 
hydrolysis; (&) from the alcohol radical united to the 
cyanogen group, e.g. methyl cyanide, CH,CN. Again, 
may be. called beuzonitrile or phenylcyanide. 
Nitnles can be obtained in many ways: (1) From 
potassium cyanide either by heating its alcoholic 
solution with an alkyl iodide or bromide at 100° 
or over, or by dustiiling it with an alkyl hydrogen 
sulphate. In both cases some of the isomeric 
isocyanide i.s formed, which may be removed by 
warming with dilute hydrochloric acid. The nitriles 
can be separated from their aqueous solutions, when 
they are soluble in water, by addition of calcium 
chloride. (2) By the action of phosphorus j>cnt- 
oxide on an acid amide, a reaction which goes in 
the case of acetamide without heating; 


CTLC = tTljC = N + li .O 

^NII., 

As the acid amides are themselves obtained by 
dehydration of ammonium salts, nitriles can be 
obtained directly from ammonium salts by acting 
on the latter with sndicient of the deliydrating 
agent, (ii) By the action of acetic anhydride or 
acetyl chloride on an aldoxime; this is also a 
deliydrating action: 




II 


»N01I 

Aoataldoxiue. 




cii,co/ 


CH,C: 


Acetic Anhydride, 


N + 

2cn^coon. 


(4) Aromaiic nitriles can also be obtained by the 
preceding methods, but are best obtained by one of 
the following: (a) From the diazo>compound by 
action of potassium cyanide and copper sulphate: 
(6) by distiiiation of potassium cyanide with the 
potassium salt of the corre.spouding sulpbouic acid, 
e.g. bcDzunitrile: 

C6ll5SO.,OK + KCN' = CJIjCN + K.,HO,. 

Fotmudum Beuzvue Sul|ilu>iiate. 


(a) From the corresponding acid by distillation with 
lead sulphocyanate. The aitrilc.s have many im¬ 
portant reactions: (1) On hydroly.sis they yield first 
acid amides and then acids. Thus with concen- 
tmted sulphuric acid they yield the amide, taking 
np one molecular proportion of water fnmi the acid, 
and the amide, on boiling with water, yields tiie acid. 
They are also hydrolysed by boiling witli alkalis: 


ca, 
I 

o 

III 

N 


+ 2H,0 = 


CH. 


C 


< 


on 
on 

i<S 


l/on 

^.vO 




Certain aromatic nitriles are either not hydrolysed 
at all or only very slowly, e.g. symmetrical trimethyl- 
benzonitrile is very difficult to hydrolyse, while 
s-trimetbyl-tricyano-benzene cannot be hydrolysed. 


This is attributed to spacial hindrance by the 
adjacent methyl groups; 


CN 

H.C.C|^" C.CH, 

NC.CNv/CON 
0 

CH,. 

(2) On reduction (sodium and alcohol) the nitriles 
yield amines: 


ON 

6 

H,C.C,'^C.0H, 

HC'v/'CH 

C 

CH, 


CH, 

1 

c 

III 

N 


CH, 
+ 4H- I 

CH, 


in,, 

Etlivbuuihe. 

The method of preparation (1) combined with this 
reaction forms a method of pas.sing up a homologous 
scries of alcohols, etc.: 


CII,On -» CH,I 


CH,CN 


CH,CII,NIl 


IlNC, 


ciijCnpu 

(3) With hydrochloric acid and with hydrochloric 
acid and alcohol they form imide chlorides and ethers 
respectively: 


and CIl.C/; 


NH 




(4) With organic acids and anhydrides they form 
secondary and tertiary amides; 

/OC. CH, 

c.'C <u' r'ti 


CH,C .. N + ” N<Co(; .’cii; 

tHjLU/ XOC.CH 


(5) Tiicy undergo poly mcrisation on treatment with 
sodium. See Kktokks. 


Nitrites ( t'hem.) Balts or esters of nlirous acid {q.r.) 
Tlic inorganic nitrites arc yellow'isb-wliite crystalliue 
solids, all soluble in water; the lea»t soluble of them, 
silver nitrite,"dissolves in alwut SOU tiroes its weight ot 
cold water, but easily in Imt water. Tiiey are doeom- 
posed on heating, giving off nitric oxide and nitro¬ 
gen jieroxide, and leaving the oxide or metal behind,. 
In some cases a nitrate is certainly formtxl as inter¬ 
mediate profluct. Tliey are ea.sily decomposed by 
acids, liberating the unstable nitrous acid. Oxidising 
agents contort tiicm into nitrates. The nitrites of 
potassium, so<Uum, and silver are described under 
the compounds of those metals. The organic nitrites 
are volatile, colouiloss, or pale yellow, pleasant 
smelling liquids. See Amvl Nitbite and ETiivn 
Nituitk Tltey are isnmoric with the corresponding 
nitro-coiHpounds. Their constitution is represented 
thus: ll-O. NO, because they are easily hydrolysed 
to alcohols and nitrites; also on reduction they 
yield an alcohol and ammonia, e.g. 

C, H.O.NO + HOK = r,11,011 + NO. OK 
0.,H,0 , NO + 6H - 0,11,011 + NH, + H,0 

Nitrobenzene CgH.NO., Aslightlyyollow 

liquid which smells like oil ot hitler almonds, and is 
therefore used, though poisonous, as a flavouring 
agent nndcr the name of essence of mirbano ; melts 
at 3°, boils at 20t>°; nearly insoluble in water, but 
easily soluble in the usual organic solvents, such as 
alcohol, other, acetic acid, benzene, etc.; specific 
gravity, 1*2. It is obtained by gradually adding a 
mixture of concentrated nitric and sulpbiuic acids 
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(12 parts to 18 parts) to bemeae (10 parts), with 
constant stirring, and cooling so as to keep the 
temperature below 25° at first; when most of the 
acia has been added, the temperature may be allowed 
to rise, but not over 60°. After standing, the lower 
layer of acid is run away, and the nitrobenzene well 
washed by water, or if required very pure, distilled 
in steam; it can be dried over calcium chloride. On 
reduction with an acid reducing agent it yields 
aniline (?.«.); with a neutral reducing agent such 
as aluminium amalgam and water it yields, in ether 
solution, an intermediate product, phenylhydroxyl- 
amine. See Nitbobo COMPOtTNDS. With alcoholic 
potash or sodium amalgam and alcohol, etc., it yields 
azoxybenzene (^.v.): 

2C,HjN^f^ + 6II = Cells. N - N. C,lTs + 311.,O. 

NO \o/ 

See alto Quinoline. On electrolytic reduction in 
strong acid solution it yields paramidophonol: 

CeHeH^g CellsN <^”j, • HO. C.H.Nn,. 

On further nitration it yields mctadinitrobenzenc, 
HNO„ 70 ; IljSO,, 100 : C.HeNO, . 100 parts. Tern- 
perature 70° to KKy), which is a slightly yellowish 
crystalline solid melting at 90°. Kitrobenzene is 
only acted on by bromine and chlorine to form 
subkitution products, when a halogen carrier. 
Fed,, is present, and it forms the meta derivative 

NO, NO, 

Br 

Nitpo-Compounds {Chem.') Compounds of the 
formula 11 N(NO,)n, when It is an organic residue 
which may be of any degree of complexity, and N 
represents the valency of H. They are divided into 
two well defined groups, vk. (a) fatty nitro-com- 
pounds, (i) aromatic nitro-compounds. The fatty 
nitro-compounds cannot, a.s a rule, be obtained by the 
direct action of nitric acid on tbe hydrocarlxm. Tn 
some of the higher paraffin hydrocarbons direct 
'nitration can be effected by nitric acid, but the 
process is accompanied by oxidation. Thus normal 
hexane is nitrated by nitric acid when boiled with 
it for several days, yielding a mono- and a dinitro- 
hexane ; the higher parafiins are more easily nitrated, 
and the iso-paraffins still more easily. The nitro- 
paraffins are usually obtained by the action of 
silver nitrite on an alkyl iodide, when they are 
usually obtained mixed with the isomeric nitrite, 
from which they can be separated by fractiunul 
distillation, the nitre-compound having the higher 
boiling point. They are colourless liquids, not 
hydrolysed by caustic soda as the nitrites arc; on 
reaction they yield hydroxylamines, then amines. 
With alooholic soda or sodium ethoxide, primary 
nitio-paraifina form sodium salts, which are explo¬ 
sive. Because of this salt formation it is assumed 
that tbe primary nitre-paraffins can have two isomeric 
forms; e.g. 

/H 

(1) CH,CH,NO„ and (2)CU,C4 
' * * NnO . OH 

Form (1) being stable, Form (2) being unstable and 
giving rise to the salts. The two forms have not 
been oUainedin tbe ease of the simple nitro-parafflns, 


but they have been obtained in the case of pbenyl- 
nitro-metbane: 

/H 

(1) C,HjCH,NO„ (2) CACC 

^NO.OH 

Form (2) is obtained by making the sodium salt and 
acidifying it, when Form (2) separates as a ciystaHine 
solid, while Form (1) is an oily liquid. See PsBUDO'- 
Acidb. An interesting reaction of the sodium salt 
of nitro-methane is the formation of meroury 
fulminate when its solution is added to a solution of 
mercuric chloride: 

2y)>C = NO. ONa + HgCl, = 2H„0 + (C = NO),Hg 
+ 2NaCl. 

The action of nitrous acid on the nitre-paraffins is 
dependent on the position of the nitro-group. 
Primary nitro-paraffins yield nitrolic acids, secondary 
p.seado-nitrols, tertiary are unacted on. The equa¬ 
tions make this statement clear: 


f’n, 

/H I .NOH 

Cfl,. Of H -I- ON. OH = C<f + H,0 
\N0,‘ \no, 

Nitro ethane. Methyl Nitrolic Acid. 

(CH,).,C + on. on =. (CH,),C<g® +H,0 

leouitropropane. Isopropylpeendonitrol. 


(CH,),C , NO, + ON. on = No action. 

Tertiary Nitrohutane. 

The nitrolic acids are colourless, but yield red sodium 
salts, while the pseudo-nitrols are blue. jSpcNitbobo- 
OOMFOUNDS. Tbe aromatic nitro-compounds are 
usually obtained by direct nitration ; tiiat is to say, 
by the direct action of nitric acid of various 
strengths, or by the direct action of a mixture of 
nitric and sulphuric acids, the sulphuric acid acting 
as a dehydrating agent, on the compound whose 
nitro-derivative is required; examples of direct 
nitration are given under nitro-benzeue and picric 
acid. But some aromatic compounds cannot be 
directly nitrated, c.g. the amines. To nitrate amines 
they are converted into salts or acid derivatives. 
Thus to nitrate aniline it may be converted into 
sulphate by addition of a large excess of sulphuric 
acid and then nitrated, or it may be converted into 
acetanilide, and the acetanilide nitrated. On 
nitrating licnzene and its. derivatives certain regu¬ 
larities are observed. If one nitro-group is already 
present a second nitro-group will assume the meta- 
position with respect to tbe first; if other groups 
are present, the nde is as follows: with au un- 
satnrated group already present the nitro-group goes 
chiefly into the meta-position, but with a silturated 
group it takes the para- or ortho-position; e.p. 
groups 


-8<4o , 

\0H 


C = N, 


are unsatnrated; groups 

(n, Br, -N<J, -OH, -0CH„ -CH,E. 

are saturated (E is hydrogen or any monovalent 
element or group). The aromatic nitro-compounds 
are usually yellow liquids or solids of pleasant smell. 
But paranitrophenol is white, and only its salts are 
coloured. Nitrobenzene smells of almonds, and 
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1 :3; j-dimetliyltertiarybatyltrinitrobenzene has a 
powerful smell of musk (artificial musk). 

CH, 

(CH,),cl^CIl, 

NO, 

The nitro-compounds of aromatic substances arc very 
important becau.sc on reduction they yield amines 
which are of extreme importance in dye making and 
in the preparation of other aromatic comptmnds. 
See Diazo-Keaction. For the reactions of a typical 
nitro-compound tee Nitrobenzene. See alto under 
Naphthalene and Naphtuols. 

Nitrogen {Chem.) N. Atomic weight, 14. A 
colourless gas; no smell; melts at —214”; boils at 
194”; slightly sohible in water (100 ec. water dissolve 
Ij cc. at 15” and 760 mm.) I'liites, but only at high 
temperature, with a largo number of other elements. 
Examples: (1) With hydrogen under the inlluencc of 
electric sparks, where the yield of ammonia is only 
about 0’2per cent., owing to the reversible character 
of the reaction. If, however, a little dilute sulpliuric 
acid is prc.scnt to take up the ammonia, the wliole of 
the nitrogen can be converted into aiiiinouia. (2) With 
oxygen. When electric .sparks from a huge induction 
coil are passed in air the oxygen burns in the 
nitrogen to form nitric oxide. S’c Nitric Acid. 
(3) With magncsiiiin. When nitiogeu is passed over 
heated magnesium the nitride is formed. Boron, 
cerium, and lanthanum all burn in the gas when 
heated, the two last at the moderate temix;rature of 
260”. Nitrogen forms about four-fifths by volume of 
the atmosphere (j'.r.); it i.s, in combination, a nece.>- 
sary constituent of all plants and animals, and 
certain plants are able through the agency of bacteria 
to assimilate the element directly. To obtain it 
chlorine is passed through excess of the strongest 
amiuoniu. 

/2NH, +3C1, =.N,+ 6TIf'n 

(ONIT, + 6TIC1., =-■ 6NH,C1 j 

Or .«trong solutions of sodium nitrite and ammonium 
chloride arc mixed in molecular proportions, and the 
mixture is gently warmed. 

NaNO., + NH,Cl-=NaCT-h2IT./) + N,. 

Many attempts have been made to utilise the atmo¬ 
spheric nitrogen—for example, in the preparation of 
nitric acid (ly.r.) When nitrogen is pas.sed over heated 
calcium earbide a mixture of calcium cyanide and 
cyanainidc results. The latter on beating with carbon 
and common salt is changed to calcium cyanide. 
From calcium cyanide cither alkaline cj'ankles can 
be prepared by the action of alkaline carbonates or 
ammonia can bo prepared by heating it with water 
under pre.ssare ; 

Ca(CN)., + 3H,0 = CaCO, + 2NH,. 

Nitpo^ea Chloride it'/iem.) NCI,. A pale yellow 
liquid; Its sp. gr. is about 1'6 (it sinks very sh>wly 
ill a solution of ferric sulphate, sp. gr. 1'578. 1‘orret, 
Wilson, and Kirk, 1813); very explosive; its vapour 
strongly affects the eyes and mucous membrane of 
the respiratory passages, so that it is a dangerous 
fcuVistance to work with apart from its properties as 
an explosive. On heating, it explodes at 96°. Direct 
sunlight or burning magnesium wire causes it to 
explo«le. It is decomposed by ammonia into nitrogen 
and hydrochloric acid, and by means of this reaction 
Gattermaim analysed his pure nitrogen chloride. 


Contact with organic matter, such as wood or 
turpentine, causes it to explode instantly. Bat a 
solution in benzene (5 to 10 per cent.) has been used 
as a chlorinating agent; thus it converts aniline, or, 
for a better yield, aniline hydrochloride, into tri- 
chloraniline hydrochloride. It is best prepared by 
the action of chlorine on a warm and saturated 
solution of ammonium chloride ; the oil so obtained 
is washed with water, then treat^ with a stream of 
chlorine; finally it is separated, washed, dried over 
fused calcium chloride. It can also be obtained by 
the electrolysis of a solution of ammonium chloride. 

Nitrogen in Food. Is essential for tlie growth, 
maintcnain-e, rcp:iit', and functional activity of the 
tissues. The amount of nitrogen in diet fur an adult 
in ordinary work varies from 250 to 350 grains. In 
the best diets the proportion of nitrogen to carbon 
is about 1 to 15. See Foods. 


Nitrogen Iodide (f%m.) NIj.NlF,. The pure 
substance NI, has not been prejiared. The substance 
of the above formula (NI,. Nil,) is a black powder, 
or, when prcjiarcd ns described below, a lastrons 
reddish crystalline solid. It easily exjilodes on ixjr- 
cu.s.sion or friction when dry; it is also decomimsed 
by liglit; in the visible s[)ectrum (he red ray.s de¬ 
compose it fastest. The products of dccomjiosition 
by light are nitrogen and ammonium iodide and 
iodate. It is decomposed by water, acids, and alkalis. 
The reactions usually proceed quietly in the coM. 
but with explosion on warming. 'I'he exjilanation of 
its modes of formation ami decoroiiosition is to be 
found 111 the reversible reaction— 


3NU,01 = NIjNII, + Nil,Oil + 2IT,0. 

Hence nitrogen iodide is formed in those reactions 
where ammoiuum hypoiodite might be expected, and 
the first step in its deconijiosition is the reformation 
of ammonium hypoiodite. Thus nitrogen iodide is 
decomposed by caustic potasli as follows: 

NI1,NI, + 3KOn = 2NII, J 3KOI 
3K01 = KIO, + 2KI. 

It can be prepared by the notion of ammonia on 
iodine or in crystalli.scd state as follows: iodine 
(100 gr.), concentrated In .Irochloric acid (300 cc.}, and 
concentrated nitric acid (28 cc.) are heated not above 
40° till all the iodine is dissolved, and a solution of 
iodine chloride. TCI, is formed; it is then boiled to 
expel nitrosyl chloride. A quantity of this solution 
containing 12*7 gr, of iodine is made up to 1 litre ; 
this solution is used 15 cc. at a time, each lot is 
added to 100 cc. of 3 ^ler cent, caustic potasli, and 
then 10 cc. of strongest ammoum are added, and the 
whole shaken. The iodide cry.stallises out (Ciiatta- 
way Ic Orton), Dr. (’hattaway (private communica¬ 
tion) has prepared tribenzylamine from nitrogen 
iodide by acting upon it with benzyl iodide in 
presence of magnesium and other, thus showing 
that it contains the group NI,. 




C’HAITs 

C1L('H, 


Nitrogen Oxides {(Jkem.) (1) Nitbovs Oxide, 
NjO, Laughing Gas. The anhydride of hyponitrous 
acid. A colourless heavy gas; no smell. l”roduces 
temporary unconsciousness when inhaled, hence its 
use in minor sui^^cal operations; and it does this 
even when mixed with oxygen. Melts at —99”; 
boils at —90”. Somewhat soluble in water (78 oc. in 
100 CO. at 16° and 760 mm.) Substances which burn 
in oxygen burn in nitrous oxide when heated to such 
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a teniperataro as will decompose it; aad as the gas 
is an endothermic compound, the heat evolved in 
such combustions is greater than that evolved in an 
equivalent quantity of oxygen by the heat of forma¬ 
tion of the nitrons oxide. The products arc the 
oxide of the substance burnt and a volume of 
nitrogen equal to' the volume of nitrous oxide em¬ 
ployed. It is obtoined by the decomposition of the 
corresponding acid, byponitrous acid (q.v.); but 
hyponitrous acid has not yet been prepared from 
nitrous oxide; by reducing a solution of sodium 
nitrite with sodium amalgam at a low temperature; 
by the action of dilute nitric acid on zinc. But to 
obtain it in quantitv ammonium nitrate is heated at 
240'“, NlIjNO, == N,d + 211,0. For inhalation the 
nitrate used .should be free from chloride, and the 
gas obtained from it should be passed througli ferrous 
sulphate solution to remove traces of nitric oxide 
which may bo present. (2) Nitbic OxiDB, NO. 

A colourless gas. Melts at —167'’; boils at — 1C4°. 
Very slightly soluble in water; only decomposed by 
heat at a very high temperature. Kubslances which 
burn in oxygen burn iu this gas when heated to a 
sufficiently high temperature to decompose it, the 
oxygen forming oxides and the nitrogen being, as a 
rule, set free, and measuring half the volume of the 
nitric oxide taken. It unites with oxygen to form 
nitrogen peroxide, NO,, unles.s both pase.s are abso¬ 
lutely dry, when no union occurs. It is absorbed by 
solutions of ferrous salts, cfaromous salts, stannous 
salts, and mercurous salts. With ferrous sulphate a | 
dark brown solution is obtained, tlie formation of 
which serves as a test for nitric acid (see below) and 
as a moans of purifying nitric oxide (see below). 
Nitric oxide is perfectly absorbed by a strong 
solution of sodium sulphite containing some 
caustic soda, forming sodium hyponitrososulphate, 
Na,N,0,80,, the be.st method of absorption in gas 
anmysis. It is reduced to nitrous oxide by zinc in 
presence of water. Solution of stannous hydroxide 
in excess of caustic potash reduces it to potassium 
hyponitrite. Nitric oxide is formed by’ the direct 
union of its elements. Usually it is obtained by the 
action of copper on nitric acid (q.v.'), but it is then 
impure. To purify it the gas is passed into a ' 
saturated fciTuus sulphate solution, and nitrous oxide 
and nitrogen csca^ie, while higher oxides are decom- 
ixiscd ; the resulting brown black solution is heated, 
and gives off pure nitric oxide. A method of pre¬ 
paring the pure gas directly is to heat ferrous 
sulphate and sodium nitrate together with somewhat 
dilute sulphuric acid ; 

2NaN(), + 2H,SO, = s 
2NaIISO, -I- 2HNO, I 

2HNO, + 6Fo80, + 3H,SO, = f 
3Fe,(SO,), + 2NO + 411,0 ) 

(3) Nitkoqen Tbioxidk, N,0, (anhydride of nitrous 
acid). Not known in pure condition in the gaseous 
state, for at ordinary temperatures it decomposes 
nearly completely into nitric oxide and nitrogen 
peroxide. The blue liquid obtained by condensation 
of the red fumes evolved from arsenions oxide or 
starch and nitric acid contains this oxide, but it is 
not pure, as it undergoes dissociation at very low 
temperatures. When electric .spaiks arc pas.sed 
through liquid air a green solid is formed, which 
remains as a bluish amorphous powder when the air 
is evaporated, llic solid melts at — 111 “ to a deep 
blue liquid, which easily evolves nitric oxidu. 
Analysis of the solid shows it to be pure nitrogen 
trioxide. (4) NiTBooiiK Pkboxidb ob Tktboxidb, 


NO, or N, 04 . a liquid which boils at 21°. Its 
colour depends on the temperature. At —10° it is 
a colourless solid; a little above this it melts to a 
yellow liquid, becoming red as the temperature rises: 
above its boiling point it is a red brown gas, which 
deepens in colour as it is heated, till it appears nearly 
black (140°). At 140° it has the formula NO,; at 
26’7° it consists of only 20 per cent., NO,; the rest is 
N,0^. The liquid has the formula N.,0^, but this 
dissociates on diluting its chloroform solution. 
About C20° the gas becomes colourless, forming nitric 
oxide and oxygen. Anhydrous liquid nitrogen 
tetroxide is a good solvent for many organic com¬ 
pounds, such as the saturated hydrocarbons, nitro¬ 
compounds, many acids; but unsaturated hydro- 
carbon.s, hydn ixy-compounds, and amines are 
attacked. Example : Naphthalene gives 1: 6 dinitro- 
naphthalene, and phenol gives 2 : 4 dinitropbeuol. 
It is decomposed by water: 

3NO, + H,0 = 2HNO, + NO. 

Phos]>horaB, charcoal, and potassium will burn in it. 
When moist it attacks mercury and many other 
metals forming nitrates. It is usually obtained by 
beating lead nitrate, 

PKNO 3 ), =. PbO + 2NO, + O. 

The oxygen is separated by passing the gases 
through a tube immersed in a freezing mixture, from 
which tlie oxygen escapes uncotidensed. To obtain 
large quantities, lumps of arsenious oxide are treated 
with concentrated sulphuric acid and fuming nitric 
acid, cooling at first, then warming till the reaction 
stops. The gas is condensed, dehydrated by phos¬ 
phorus pentoxide, dry oxygen passed through it, 
and finally it is distilled. (5) Nttuocbn Pent- 
OXIOB, N,Os (the anhydride of nitric acid). A 
white crystalline solid. Melts* at 30°; decomposes 
easily into nitrogen peroxide and oxygen; unites 
with water to form nitric acid. It is formed by the 
action of ozone on nitrogen peroxide; by the action 
of dry chlorine on dry silver nitrate; and by dis¬ 
tilling the strongest nitric acid (^.r.) with phosphorus 
pentoxide. 

Nitrogen Sulphides (Chem.) Two are known; 
(I) Nitrogen sulphiile, obtained by the action 
of ammonia on sulphur chloride; forms yellowish 
red crystals at 136°; it exjlodes when struck; melts 
with decomposition at 168°. Heated with carbon 
disulphide at 100 ° under pressure, it yields ( 2 ) 
Nitrogjn pentasulphide, NjSj—a red liquid which 
does nut wet glass; melts at 10 °; insoluble in water, 
soluble in usual organic solvents; decomposed by 
light into N^S^ and S. Boiled with water or alkalis 
it gives ammonia and sulphur. A trace of alcoholic 
potash gives a transient violet red coloration 
(Test). 

CH..OSO,. 

I ■ ■ 

Nitroglyoerine CHONO.,. Isnotamtro- 

CH,ONO, 

compound, but the trinitrate of glycerine. It is a 
colourless liquid; -sp. gr. 1 ’ 6 ; melts about 10 °; no 
smell; sweet lustc ; used in medicine, as it acts like 
amyl nitrite; poisonous; insoluble or nearly so in 
water, but soluble in the usual organic solvents; it 
can be distilled in steam. On heating, it volatilises 
even at 1(X)°, and about 180° it explodes ; it is also 
explo<lcd by a blow or by a detonator, especially 
mercury fulminate. It can be burned without 
explosion if it is kept warm, but it explodes if 
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tempemture reaches 18(J“. Nitroglycerine is 
hydrolysed by alcoholic potash to glycerine and 
potassium nitrate, thus behaving like a true nitric 
acid ester. To prepare nitroglycerine on a large 
scale a-spray of pure glycerine is driven by com¬ 
pressed air into a mixture of pure concentrated 
sulphuric acid and nitric acid; as heat is developed 
in the process the temperature is carefully regulated 
i)y cooling with water which runs in leaden coils in 
the nitrating vessels. After the operation is over 
the nitroplj’cerine collects above the acids, whence 
it is run into water and thoroughly washed; llien 
with a weak alkaline solution to remove the last 
traces of acid; finally it is dried by filtering through 
felt. When in a pure state it can be kept with 
safety. Nitroglycerine is used in the manufacture 
of explosives such as dynamite, blasting gelatine, 
cordite, and others less well known. 

Mitpohydrochlerio Acid iCfwm.) Another name 
for Aqua Begia {q.r.) 

Mitromuriatic Acid. Arc Aqua Begia. 

KitFOso-Compoands (^Cbcm.) Compounds of the 
formula B—NO, where E may be a monovalent 
residue from many different classes of compounds such 
as hydrocarbons, amines, plicnols, nitro-compounds, 
and many others, e.g. nitroso-benzene, CgllsNO; 
dimethyluitrosamiue, (Cn,)jN. NO; nitrosophenol. 

CeH, ; propylpseudonitrol,(CH,)jC . 

Nitroso-compounds are obtained in a variety of 
ways, the following being only a few of them : (1) 
Oxidation of certain amines by Caro’s acid. See 
SuLPHCB CoMPOUSiis. The aminos which under¬ 
go this reaction are those having the nitrogen atom 
united to a tertiary carbon atom, and aromatic 
amines such as aniline— 

(Cn3),C. N<| (CH,),C. N <2® 

Tertiarybatylamine. 

(CH,XC.N=0 

r,H,.N<g C,n,-N = 0 

Aniline. IS-phenylbydrozylamine. Xitroitobenzene. 

(2) Nitro-compounds are reduced to hydroxylamines 
by aluminium amalgam or by rdectrulysis in acetic 
acid solution, and the hydroxylamines are oxidised 
by cliromic acid to nitroso-compounds. 

/ O . Oil 

CjHsNf C.H.N/ C.nj,.N(). 

* "O ^ ' \,H 

(3) Action of nitrosylcbloride on unsaturated 
hydrocarbons, e.g. 



Trintetiiyletbylene. TriiuetbyletbylenenitToeoebloride. 

This reaction is very important in the chemistry of 
the Terpenes (y.c.) (4) Nitrous acid reacts directly 
with secondary amines and with nitro-compounds 
derived from secondary alcohols to form nitrosamines 
and pseudonitrols respectively ; 

(C^jXNH -h ho .no ■= (C,Hs)^ .NO + H,0 

(CH,),C<g®* + HONO = H,0 

This reaction is important in distinguishing second¬ 
ary from primary and tertiary amines, and secondary 
frorn^ primary and tertiary alcohols. A similar 
reaction to that with the secondary amines occurs 


with nitrous acid if one of the alcohol radicals is 
replaced by an acid radical, e.g. 

-r HO. NO N.NO + H,0. 

AoetonUids. NitrMoaoettmilide. 

The fatty tertiary amines do not react with nitrons 
acid; but the aromatic dialkylamines form para- 
nitroso-compounds, e.g. 

/CH, /OH, 

N^CN, -t HO.NO = N(/CH, + 

C.H. \C,H..N0 

FannitroMdimetbylsailine. 
and, Neutbal Bed. (S) 
from the action of nitrons 


H,0 


-'s^s 
Oimetbylaniliae. 

See Galloctaninb 
N itrosophcnols result 


acid on phenols, while their ethers are obtained by 
method (1) from aminophenoletbers. The nitroso- 
compounds are mostly blue or green in colour when 
in solution or in a state of fusion; but in the solid 
state they are white. ThLs is due to the foot that 
they readily polymerise to bimolecular compounds; 
but the nitroso-compounds of secondary amines are 
yellow oils. E.g. nitrosobenzene is a white solid 
which melt s at 68'' to a green liquid; paranitrosophenol 
is a white solid which decomposes on melting, but is 
soluble in water or alcohol, forming a green solution ; 
propylpseudonitrol is a white solid which melts at 
76° to a blue liquid; it dissolves in cold benzene to 
a colourless solution, which turns blue slowly ou 
standing and quickly on warming. Many nitroso- 
compounds easily pa-ss into the so-called iso-nitroso- 
compounds, which are really oximes. E.g. 

CH,\ /Cn, OH, 


.1 \ 

ch;->>c - c h ■ -» cii,->c - cc 

t’l/ '\NO ('1/ ^NOH 

Analogous to t-his transformation of fatty nitroso- 
compounds is no doubt the tautomeric behatiour of 
paranitrosophenols as quinonemonoximes. 


/Oil 

\no 


%NOH 


When nitroso-compounds are carefully reduced they 
yield hydroxylamines ; on strong reduction, amines. 

/OH 
■'ll 


C„H*N = O 


c.n,N<; 


C„H,N<g 


(CH,XN.N = 0 


/H 


(Cn,),N.N<" 

Dimetbylhydmzine. 

(CTI,),Nn-H NH, 

Diuiethylaniino. 

Or oxidation, nitroso-compounds arc in many cases 
converted into nitro-compound.s. E.g. 

(CH,),C <5®* -b O = (CII.),C<gg* 
/S/S-DinitTopropane. 
CgHjNO + 0 = C’eHsNO, 

NitrobenMna. 


.Asa common example of the application of nitroso- 
compounds may be mentioned the laboratory method 
of separating aniline from methylaniline. The 
mixture is made into hydrochloride and treated 
with nitrous acid, when the aniline forms diazo- 
benzcnecbloride, and the methylaniline forms the 
nitroso-componnd, which can be separated hy extrac¬ 
tion with ether and methylaniline, obtained from it 
by reduction with tin and hydrochloric acid. Other 
examples of their use have been given above. 
Paranitrosodimethylaniline in particnlar is used in 
making dyes. 
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/NO, 

mtrMOl^oiiia Add (Chem.) SO,/ Also 

\OH 

called Nitrosjl Salphuric Acid and Leaden Chamber 
Crystals. Nearly colourless crystalline solid; melts at 
SOP with decomposition; decomposed by cold water. 
/NO, . /OH 

60,< + HOH = SO,( + NO. OH 

\OH \OH 

At a higher temperature the nitrous acid decomposes, 
giving its unstable anhydride : 

2NO. OH = N,0, + n,0 = NO, + NO + H,0. 

The acid is found in the leaden chambers used in the 
manufacture of sulphuric acid when steam is deficient. 
It can be prepared by saturating nitric acid with 
sulphur dioxide or sulphuric acid with nitrosyl 
chloride : 

/NO, 

NO,.OH+ BO,= 

''OH 


NOCl + 80,^ 


OH 

Oil 


SO, 


^NO, + Ha 
\0H 


It is also formed in solution in sulphuric acid in the 
<>ay>Lussac tower, used to absorb the nitrogen per¬ 
oxide carrietl away by the escaping leaden chamber 
gases in the manufacture of sulphuric acid. 

/OH /NO., 

SO,/ + 2N0;= SO,,/ + NOjOH 

\oH \oa 


Nitrosyl Chloride (Chem.) ON.a. A yellow 
gas; melts about — CO" and boils at - 8°. Decom¬ 
posed by water and by alkalis : 

ON .a + HOH - cm -f ON . OH. 


Unites with many unsatuvated organic compounds to 
form nitroso-compounds (gi.r.) ; e.ff. 

(1) CII,\ - CIl, 

;C = C'' -fONCl* 

CH,/ vH 

Trim olLy lotby I on e. 

Cn,\ /Cl 

Cn,-''5N - N <1-11 
Cl / \no 

TrimetbyletbylenenitTOMbocliloride. 


(2) It unites with many terpenos (g'.f.) to form ter- 
penenitrosochloriiles. Nitrosyl chloride is formed 
by direct union of nitric oxide and chlorine in the 
prc.sence of light and a catalytic agent such as carbon; 
but it is best obtained by warming a mixture of 
ordinarj' concentrated nitric and hydrochloric acids 
(1 vol. to 4 vols.) 

HO. NO. + 3HC1 - NOCl + 2H,0 + Cl.,, 
drying the gases over calcium chloride, and passing 
them into concentrated sulphuric acid, which only 
unites with the nitrosyl chloride, which may be 
obtained from its solution in the acid by warming 
with dry common salt. The gas is condensed in a 
tube immersed in a freezing mixture. 

Nitrous Acid {Ohem.') HNO, or ON.OH. Un¬ 
known in pure condition. It is capable of existing 
in aqueous solution as a blue liquid at low temper¬ 
atures ; but if the temperature rises it decomposes : 
30N . OH - 2N0 + HNO, + H.O. It is a very 
important, reagent in organic chemistry. See 
Diazo-Rbaotioks and Nitkobo-Compoukhs. When 
required as a reagent it is generated by acting on a 
nitrite with an acid. ON. ONa + HCl — ON. OH + 
Naa. 


Nobliug iMet.) See SHlNQUBa. 

Moblins (Afis^.) The name for blocks of puddled 
iron 10 or 12 'in. square and to 2^ in. tblhk, 
obtained by shingling (^.v.) the puddled balls of 
iron under a helve or hammer. Also called STAM3P- 
INOS. See Stami'S. 

Nocturne (Paint.) The term applied to a painting 
representing some impression of night. 

Nodal Points of a Lens (Liakt). These are points 
defined by the property that if the direction of a ray 
approaching the lens passes through the first nodal 
point (when produced), it will emerge as if it came 
from the second nodal point, and will also be parallel 
to the incident ray. When the media are the same 
on both sides of the lens, the nodal points coincide 
with the Principal Points (j.r.) 

Node (Sou7id.) A node is a point in a vibrating 
body (or medium) which remains permanently at 
rest. In a stretched string, the ends are always 
nodes ; if the string be vibrating in two halves, so as 
to emit its first overtone, the centre is also a node. 
In an organ pipe, a closed end is always a node. 

Modes (Attren.) The intersection of the orbit of 
one planetary body with that of another; in particn 
lar, the intersection of the moon’s orbit with the 
ecliptic. 

Hogging Pieces (Carp, and Join.) The horizontal 
pieces in a quarter or brick nogged partition. 

Moil ( Wor^d Manvfac., etc.) Short neps of fibres 
removed in the process of combing. A valuable 
material, and used in the woollen carding. See Nbp 
and CAiiniNQ. 


Moiling Motion (Worsted Manufac., etc.) The 
motion on the combing machine for extracting short 
fibre. This is done constantly throughout the process 
of combing. 


Nomenclature, Chemical. Names of metals usually 
end in -um or •ium, except the names of a few 
common metals such as iron, copper, tin, etc.; in 
these cases the Latin names end in -um, e.g. Ferrum, 
Cuprum, Btauuum. Selenium and Tellurium, which 
are not true metals, have aDo this termination; it 
has been proposed to ch.ange their names to Bclenion 
and Tellurion. Compounds of two elements are 
named by taking the name of one of the elements 
and putting that first, then altering the termination 
of the second element to -ide, and putting the altered 
name second; this rule is followed unless the com¬ 
pound has a common name. When the two elements 
unite in more than one proportion the proportions are 
indicated by using Latin or Greek numerical prefixes 
before one or both the names. Examples : Water is 
sometimes called hydrogen monoxide; a compound 
containing more oxygen is called hydrogen dioxide 
or hydrogen peroxide. See OxiDiss, Chlobiobs, 
Sulphides, Nitbidbs, etc. Acids have often 
common names, e.g. nitric acid, UNO,; acetic acid, 
CIIjCOOH. Acids containing only two elements, one 
of wliich must be hydrogen, are named a.s in the ca.«e 
of hydrochloric acid, HCl; hydrobromic acid, HBr, etc. 
Acids composed of three elements, of which oxygen 
is one, are named so as to indicate the amounts of 
oxygen they contain as follows : 


ferchloric acid, HCIO,. Phosphoric aeSd, 

Ihloric acid, HCIO,. Phosphorous acid, H,PQ,. 
Ihlorous acid, HCIO,. IIypophesphoms acid, HsPO^ 
lypochlorousacid, HCIO. 
fersulphuric acid, H,S,Ob. Nitric acid, HNO- 


SO 
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^NO. 

Salts derived from these acids ate named by stating 
the metal first, then the acid with its termiualion 
changed to -ate if it ends in -ie, and to -ite if it ends 
in -om. Example ; 

Nitric acid forms potassium nitrate. 

Nitrons acid forms potassium nitrite. 
Ujponitrous acid forms potassium hyponitrite. 



Some metals combine with the same acid indifferent 
proportions: in this case the salt containing the 
greater yjroportion of metal is named by cljangiug 
the termination of the metal to -ous. Example : 

Mercurous sulphate, Hg.SO^. 

Mercuric sulphate, ITgSt),. 

Ferrous nitrate, Fc(NOjlj. 

Ferric nitrate, FeCNO,),. 

See aUo AJiHyDBiDB, IIvdboxide, Acid, ttAtT, 
AUCALI. In Organic Chemistry the nomenclature is 
very complex. Most elaxues of organic conijiouuds 
are briefly described under the Gcrre.spuDdlng 
headings. See for rxavijtk Hyduouaiujons, 
Alcohols, Aldehydes, Ketones, J’abafftns, 
'Obtho-, Meta-, and I'An.t-CosipouNDS, Oximes, 
Amines, Nitbilbs. The Geneva or Intcmational 
System of Nomenclature may be briefly described. 
The paraffin hydrcK-arhona have names wliich end in 
-ane. See Pabaffinb. When the chain is branched, 
the longest straight chain is taken an the yrarent 
substance and the position of the .substituting group 
is given by a number : if the .substituting group lias 
itself substituents which are paraffin residues the 
terminat ion of the substituent is changed from -ane 
to -o, and its position indicated by a numbf^r placeil 
as an index above the number of the fir.st substituting 
group, the numbering starting from t he carbon atom 
attached to the parent chain. Example : 

12 3 4 r> 6 7 

CH,. CH... CII,. CH . CH.,. CIIj. CH, 

I'CH. CH, 

I 

4“CH» 


would be called metho-4’-ethyl-l-hcptane. Names I 
of alcohols end in -ol, the position of tlie — OH group 
being indicated by a number. Examyile : 

CH, CH, cH„on 

I I I 

CHOH CHOH CH, 

i I I 

CHj CfI,OH CII.,011 

Frojiane'2-ol: Procaue-l : 2-diol. Frii])nDv-l : l'.da>l. 
Aldehydes tiave names ending in -al. 

Ketones have names ending in -tme. 

Amines are named as amino-substitutiun products of 
the hydrocarbons; saturated ring hyrlrocarbons are 
named after tiie corresponding paraffins with the 
prefix cjclo. Example: 

CH, 

H,C^^CH, 

Cyclohexane. 

H,ckycH, 

CH, 

Cnsatuiated hydrocarbons containing ethylene 
Unkings have names ending in -one, and the number 
of double linkings is indicated by a numerical prefix, 
the positions of the doable bindings being indicated 


by numbers placed after the temination -one. 
Example: Dimethyl, 2 j 6; heptadiene, 4 :6. 

1 2 3 4 6 6 7 

CH,. CH - CH, - CH = CH - C =. CH,. 

CH, CH, 

Acids have names ending in -oio and derived from the 
corresponding hydrocarbon. Example : Formic acid, 
HCOOH, would be called methanoic acid. An im¬ 
portant method of indicating double linkings in the 
benzene ring due to von Baeyer must be mentioned. 
The Greek letter A indicates a double binding, and, 
starting from position 1 in the ring, the position of 
the double binding is indicated by a number placed 
after the letter, tlie number indicating the first 
carbon atom reached, bearing the double linking. 
Example: 

COOH 

CH 


lie CH 

A 2: 6 dibydroterepbthalic acid. 

IIC'x^^'CH 

CH 

COOH 

General examples: Tiiaootylmetbylol-2-nitro-2- 

propaudiul-1-3. 

('H.,0 . COCH, 

I 

0,N.C.CH,O.COCH, 
cn,0. COCH, 

3-methyl-A’-kcto-U-hexene, (U stands for ring 
or cyclo). 

CO 

ILC \ CII 

HX’ ^ /'C.CIi, 

CH,. 

Nominal Horse Power (Eng.) The amount of 
power which an engine l? declaretl by the designers 
or manufacturers to develop. See Indioatobb (JEng.) 

Non (Mveie). Not. 

Non-Conductor (Elect.) See Insulating Ma¬ 
terial, etc. 

Nonet (Mveic). A composition for nine voices or 
instri'iucnt.H. 

Non-Indactive Circuit ( Elect .) An electric circuit 
which possesses a very small amount of inductance 
(q.v .); no circuits are absolutely non-iuducitive, but 
the term is ayiplied to those in which the inductance 
i.s negligible. 

Non-Hetala (Vhxm.) The common non-metals 
are: Hydrogen, Fluorine, Nitrogen, Oxygen, Chlorine, 
Bromine, Boron, Carbon, Hilicon, Phosphorus, Hulphur, 
Arsenic, Iodine. Much less common is Selenium. 
Tellurium may be classed a.s a metalloid; that is, it 
has partly metallic and partly non-metallic proper¬ 
ties. The first five are gases, bromine is a liquid, 
the rest are solids. They all form gaseons hydrides; 
that is, compound with hydrogen. They are bad 
conductors of electricity with the exception of 
carbon; they are bad conductors of beat and not 
malleable or ductile. The majority form chlorides, 
which are decomposed by water giving acids. They 
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all combine with oxygen except fiuorine, and the 
great majority of these oxides give acids with water; 
water (H-V.) is both an acid and an alkali. Nitric 
oxide and carbon monoxide have no acid properties. 
The inert gases, Argon, Ilclium, etc., must be regarded 
as forming a class by themselves, as, on account of 
their wanting chemical activity, they cannot be 
classed either as inctals or non>metals. 

Nonpareil {Typog.') Type between emerald and 
pearl. See Type. 

Non-Pathogenie Bacteria. See Bactebia. 

Non-Slipping Tyres ( Cyeles, MoUvri). See Ttehs. 

Non-Blip Stone. See Abtificiai. Stone. 

Noon {Astron.) The moment of time when the 
sun is on the meridian. The astronomical day 
commences at noon. 

Nopalea {Botany). A plant of great interest 
{Nepalea coceiiiellifera; order, Cactacete). It is 
cultivated princiiKrlly in Slexico and other warm 
parts of America, and in addition to producing an 
edible fruit is used for rearing cochineal insects. 

Nordhansen Sulphuric Acid (Chevi.) See under 
.SunPHOH Compounds. 

Normal {Math.) The Nobmal to a curve is a line 
drawn from a point on the curve perpendicular to 
the TANOBNT {q v.) to tlie curve at the same point. 

- {Min.) The Normal of ii crystal face is a ( 

line tlirougli the origin, perpendicular to the plane I 
of the face. 

Normal Salt {Chem.) See Salts. 

Normal Solution {('hem.) See Volumetbic 
Analvsis. 

Norman Architecture. The architecture of 
England between tlic years 1066 and 11X9 A.n. It 
is also known as English llomane.sque. The principal 
features <•£ this style arc as follow-s:— Mouldings ; 
Simple, bt»ld, not undenmt, and frequently enriched. 
See Beak Head, Billet, Chain, and Star 
Moulding, Chevron. Capitals: Usually of the 
cushion type, and frequently carved. See Cushion 
CAPITAL. JHi-1's: Heavy square or cylindrical 
masses at firat, but as the style developed the piers 
becAmc lighter, and banded shafts were used. 
Arches; Semicircular, fieqnently richly moulded. 
Boonratjs: These arc usually the most ornate 
featnro.s in the design, tliu arches being richly 
moulded, and clustered shafts used in the jambs. 
Windou;s; Semicircular headed, and frequently ar¬ 
ranged in pairs with a shaft between. Vaults; Barrel 
vaults, groined vaults, and ribbed vaults were used, 
stilted and horseshoe arches being used in oblong 
liays. Carving ; The carving was at first very crude 
and shallow^ being executed with tlie axe, but the 
chisel work of the later iieriod is very fine, though 
often confined to the repetition of simple ornaments. 

Norte (Meteorol.) See Noether. 

North or North-Seeking Pole {Elect.) That pole 
of a magnet wliich tends to turn towards the north 
when the magnet is freely suspended. 

Norther or Norte {Meteorol.) A cold dry north 
or north-west wind that occurs in the United States. 
In the southern parts it is called by this name, but 
in the north it is termed “ bliazard.” 

-y Black {Meteorol.) A cold wind, so called by 

the Greeks. 


Norwich Crag {Oeol.) SeetyaAGt. 

Nobo {Blast Manvfae.) That end of the blowing 
iron upon which the molten glass is gathered. 

Nosean {Min.) A sodium and alumininm silicate 
and sodium sulphate, Na^CNaSO,. Al)Al^ijOij. Cubic; 
greyish or brown. It is of some interest as a rock 
forming mineral, occurring in some pbonolites. 

Nosing {Build.) The projecting edge of a mould¬ 
ing ; the rounded projection of a window board, 
stair tread, etc. 

Nosing Motion (Cotton Spinning). An attachment 
to tbe mule quadrant for determining the conical 
shape or chase of cop by regulating the speed at 
which the spun thread is wound round the spindle 
during winding on. 

Notch Board {Carp, and Joinery). See CUT 
String. 

- {Civil Eng., etc.) A vertical barrier placed 

across a stream, and provided with a V-shaped 
notch through which the water fiows. By measuring 
the breadth and depth of the part of the notch 
occupied by the water, the amount passing over in 
any given time may be found. 

Notch Head {Architect.) See Mask. 

Notching or Linking Up (Eng.) See Link 
Motion. 

Notes {Music). Marks indic.ating soqnd. They 
arc of different shapes, as follows;—Bieve, ; 

semibreve, ; minim, ; crotchet, ^quaver, 

semiquaver, demisemiquaver, ^; hemidemi- 

S 

semiquaver, —Each of these is one half the value 
of the preceding note. In older music the notes 
were : 

Large, or . Long, or CT] • 

Breve. Bi or ^ . Semibreve, # or O. 

Minim, # or O. 

I 1 

the lAirge being equal to four Breves or two Longs. 
This system of notation vva.s formulated by Franco 
of Cologne, in the latter half of the eleventh century, 
according to one writer, and about 1200 according to 
another authority. See also Plain Bono. 

- (Sound). A note is, strictly speaking, a 

sound whose frequency of vibration, and therefore its 
pitch, are constant. 

- ( Typog.) These are -usually classed ns: (rt) 

footnotes; (h) marginal or side notes; (o) cut in 
notes; (d) shoulder notes. A footnote may be 
described as a passage explanatory' of tbe text, and 
is set apart from it in a type two sizes smaller in 
body. Marginal notes, as their name implies, are 
placed on the margin of the page—usually out¬ 
side and close to the reference in the text. Cut 
in notes are let into the square of the page, some 
of the lines of text being shortened for the pur¬ 
pose. These are generally placed on the folio side of 
the page. Shoulder notes refer to dates or volumes. 
Footnotes and, occasionally, marginal notes ore 
indicated by reference marks, which axe —the 
asterisk (*),'the daj^er (f). the double dagger (^), 
the section (§}, the parallel (P) and the p^- 
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graph (5), used in the order here given. Two of 
each sign are used when the numb» of references 
exceed six. Another imd older method is to use 
“superior” figures (*), (*), etc. Again, literal 
or letter references are used; these ^so are 
“superior,” and may be either Roman or italic. 
When notes to a work are exceptionally numerous, 
or when for purposes of chronological sequence it is 
desirable to avoid division, they are sometimes placed 
under a distinctive heading at the end in the form of 
an addendum. 

Hottiagham White (/>sc.) A term now nearly 
obsolete; formerly applied to n variety of reduced 
(i.e. adulterated) white lead. 

Nouriahing. Ste Fat Liquoring. 

Mova (Astron.) A new star. 

Rowed {Her.') Knotted or twisted. Serpents are 
sometimes represented in this attitude as charges. 

Hoyaa. A liqueur fiavoured either with peach 
stones, oil of bitter almonds, the kernel of the 
Mahnleb cherry, or sometimes with essence of 
mirbanc. 

Nozzle {Evff., efc.) The jet or part of a pipe or 
tube containing the orifice. 

N.P., orNew tue (Tffjwg.) .Signifies commence a 
new paragraph. See PiiooF Cokkkctions. 

Rneleie Aeidz ( CJiewt. ) White amorphous powders 
of unknown constitution; .sparingly soluble in cold 
water, easily soluble in hot water; easily soluble 
in alkalis with which they form salts; their solutions 
are dextrorotatory; they unite with albumins. 
They are derived from the nucleo-proteids. See 
Peotbids. They yield on decomftosition many 
important compounds of known composition, m. 
(1) Phosphoric acid, (2) Pyrimidine derivatixos. 
See PYBIMIDINBP. (.S) Purine bases. See PuKiNE. 
(4) Pentoses (?.»’.) (6) Lajvuliuic acid (y.v.) 

Naoleus (Astron.) A term msed to express the 
innermost portion of a sun .spot, comet, nebula, etc. 

- {Botany and Hool.) A protoplasmic body 

found in animal and plant cells. It i.s cs.scntial for 
carrying on the \ital activities of the cell, and is 
especially concerned in cell division. 

Nude {Art). A term applied to an undrapocl 
figure or statue; ahso to a study of the figure from 
the naked living model. 

NuU or Zero Methods {Eleet.) A class of elec¬ 
trical measurements in which two quantities are 
compared by reducing one to equality with the other, 
the absence of any inovemt iit, deflection, etc., of the 
indicating instrument l)eing taken as proof that such 
equality has been obtained. 'J hc measurement of 
resistance by Wheatstone’s Bridge {q.v.) is an example 
of this method. 

Nomerals {Typog.) Loiters or figures used for 
the purpose of imlicating numbers. Roman numerals 
are represented by the letters 1, V, X, I<, 1), M. I 

signifies one, V five, X ten, L fifty, C one hundred, 
D five hundred, M one thousand. I’he.se are placed 
in certain order to represent varying numbers, and 
are duplicated as necessary. When the lesser is 
placed before the greater, the lesser is deducted fiom 
the greater; thus, IV signifies one less than five, i.e. 
four. Lesrfer numbers placed after the greater are 
added. Capihil, small capital, low'er case, and italic 
letters are used in different circumstances. The 
Arabic numerals are expressed by the figures 1 to 0, 


Nat {Botany), A one seeded, dry, indehisoent 
fruit, having a hard, woody coat and bearing per* 
sistent bracts, which in the oak (acorn) form a cup 
at the base of the nut. The Brazil “ nut ” is a woody 
seed; the cocoa- “ nut ” is a fibrous drupe. 

- {Eng.) The loose head of a bolt containing 

the hollow (or female) screw. 

Nutation (Asfron.) A slight motion of the pole 
of the Equator alternately towards and away from 
the pole of the ecliptic: a “ nodding" of the pole. 
Has a period of nineteen years. 

Nat Brown Colour {Eng.) The usual name for 
the brownish tint produced in tempering steel by 
heating it up to about 550° F. SeeTMUPEmNa. 

Natmeff {Botany). The nutmeg is the seed of the 
plant Myrid'iea fragrant (order, Myriftwaceas), 
growing in the Moluccas, the islands of the Indian 
Ocean, the AVest Indies, etc. The fruit is prepared 
for expor t by drying over a slow fire. “ Mace ” is the 
bleached aril surrounding the seed. 

Nut Oil. See AValnot Oil. 

Nutria {Zool.) The trade name for the fur of the 
coypu {Myopotamw ooyjntt), an Argentine aquatic 
rodent. The skins of this animal are largely imported 
into Europe. 

Nut Wrench {Eng.) A Spanxbb {q.v.) 

Nux Vomica {Botany). The dried seeds of 
Stryeknoa nux vomica (order, Loganiaoeee), a tree 
found throughout Southern and Eastern Asia and the 
north of Australia, notably in Ceylon. The extract 
and tincture are used in medicine. 


Q (Elect.) A symbol sometimes used for Megohm 
{q.v.) 

u {Elect.) A sjmbol for OHM {q.v.) 

0 {Chem.) The symbol for Oxygen (g'.f,) 

- {Music). Or. 

Oak {Botany). Apart from it."? timber, the oak 
{Qiu-rcua, a genus of the order Cupuliferee) yields 
m.any useful product s. Q. tuber provides the common 
cork, while the bark of ^ rohur is u.sed in tanning. 
See also Valonia, Quepcitkon, and Woods. 

Oat {Botany), The cultivated cereal tatira 

(order, Qramhieer) is probaldy a domesticated 
form of the wild oat {A. fatua). 

Oatmeal {fhods). AA’hen the husks arc removed 
from oats the grain.s are known as OuoATS or Gbits, 
and these groats, when finely ground, constitute 
oatmeal. Oats rank second to wheat in point of 
nutrition, containing large amounts of proteid and 
fat, especially the latter. Oatmeal cannot bo m.ade 
into bread, owing to the absence of gluten; it is, 
liowever, made into thin cakes (oatcakes) by mixing 
into a imste with water, and then baking on an iron 
plate. 

Obbligato {Music). A “necessary” part to a 
musical composition which cannot be dispensed with. 

Obellzk. A column with a square base and 
rcctiingular in form. It diminishes in size towards 
the top, and usualiy terminates in a short pyr^id. 
Egyptian obelisks are generally monolitlis, e.g. Cleo- 
f)atra’s Xcodlc on the Thames Embankment. 

Oberon {Astron.) The outermost satellite of 
Uranus. 

Oberwerke {M-uaic). The German name for swell 
organ. See Obgam under MUSICAL INSTBUMENTB. 
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Object OlaM (Light). The lens in a telwcojM 
tbrongh which light enters the instrument; it 
produces a real image of the object viewed. 

ObJeotiTe (Light), In a microscope the lens or 
system of lenses through which the light enters the 
instrument; its function is to produce a real image 
of the object viewed. In an optical lantern the 
objective is the system of lenses which produces the 
magnified image of an illuminated slide (or other 
object) on the screen. 

Objective Orating (A*tron.) A difEraction grating 
placed before the object glass of a telescope for 
the observation of spectra. 

Objective Priun (Agtron.) A prism placed before 
the object glass of a telescope for the observation of 
spectra. 

Oblatenen (Agtmn.) The term applied to a form 
having more resemblance to an ellipse tlian a circle. 
The form of the Barth is characterised by its 
“ ellipticity ” or “ oblateness." 

Oblique Tenon (Carp, and Jain.) The joint used 
when the pieces to be joined form an acute angle. 

Obliquity of Connecting Rod (JUng.) Tlie angle 
made by the connecting rod with the axis of the 
cylinder; it is greate.st when the crank is at right 
angles to the rod. The obliquity affects the time at 
which the ports oiDCn and shut; it should be reduced 
as much as possible by using a long connecting rod. 

Obliquity of the Ecliptic (Axtron.) The angle 
between the ecliptic and the celestial equator. It 
is about aiij". 

Oboe (Mvgie). A reed stop on an organ. See also 
MU.SICAl. INSTEOMENTS—WIND. 

Oboe d’Amoup (Music). See Musical Iksteu- 
MEN"rs—W ind. 

Oboe di Caocia (Music). See Musical Instbu* 

MENTS-WlND. 

- See M usiCAL Insteuments—Wind (Wood). 

Obsidian (Geol.) The native gla.ssy form of the 
volcanic rock known as Liparite, which is identical 
in chemical comimsition with granite. What i.s 
known as pumiccstono is the s:unc substance as 
obsidian, and owes its frotli}’ condition to the fact 
that tlie fluid rock from which olisidian has cooled 
was heavilj' charged with steam and other gases, 
whose endeavours to escape have given rise to 
abundant cavities ns the rock cooled. 

Obtuse Angle. One greater than a right angle (90°). 

Obvene ( Cains). The side of a coin, medal, etc., 
on which the princiftal design, generally a head, 
appears. C/. IlEVEBsa. 

Oouina (Music). A terracotta instrument varying 
in size, and having finger holes pierced in the side. 
Its tone is rather sweet, but hollow. 

Oeelnaion (Chem.) A name given by Graham 
originally to the property which platinum pos.<5csse8 
of absorbing hydrogen when heated to redness in the 
gas, and of retaining it for an indefinite time at a 
lower temperature. Red-hot platinum absorbs 3‘8 
times its volume of hydrogen, and at 100° 0"76 times 
its volume. Palladium in the form of wire occludes 
936 times its volume at a red heat, and 376 times its 
volume at the ordinary temperature. It increases 
in volume during the process. Copper, gold, silver, 
and iron all absorb small quantities of hydrogen. 
The state of the hydr<*gen when occluded by metals 
is unoertain; it has been suggested that it forms 
u unstable, easily dissociating compounds.” What¬ 


ever its state, the hydrogen in palladium is capable 
of readily entering into reaction; it unites with 
oxygen to form water, reduces ferric and mercuric 
salts to “ -ous ” salts, and unites with iodine to form 
hydriodic acid. 

Ooenliation (Attrosi.) The passage of the moon's 
disc across a star or planet. 

Octan (Leo.) A valuable group of natural pigments 
found in many parts of the world, and varying in 
colour from light to reddish brown yellow. The 
colouring matter is due to the presence of hydrous 
peroxide of iron, but analysis tells little as to the 
quality of ochres. Tone or colour is of great im¬ 
portance, as well as fineness of grinding. Crude 
ochres are prepared for painters’ use by the process 
of levigation, after having been ground, if the 
hardness of tiie ochre renders tliis necessary. The 
pigment is dried at a low temperature, so as not 
to change the colour, and is then usually ground 
in oil. Sometimes the golden yellow ochres are 
" doctored ” by the addition of a little chrome yellow. 

Oefarea (Botany). The name given to the pair of 
coherent stipules forming a sheath round the stem, 
as in the dock family (Polygonaceoi), 

Octagon.. A plane rectilinear figure bounded by 
eight equal sides. 

Octahedrite (Min.) A synon3’m for ANaTase (g.v.) 

OotahedFon. A solid bounded by eight planes; 
in a Regular Octahedron, the faces are equilateral 
triangles. 

Octant. A Bectob ( q . v .) whose area is equal to 
one-eighth of the area of the circle ; the radii bound¬ 
ing it mak«i on angle of 45° with each other. 

Octastyle (Architect.) A term used to denote a 
tem])lc which lias eight columns in the front row. 
See HexjISTVLB, Pentastyle, Distyle, and Reca- 

STYLB. 

Octave (Music). (1) The eighth note above, and 
bearing the same alphabetical name. It is the first 
of the harmonic series of sounds ( q . v .), the vibrations 
being double the number of the octave beneath it. 
See Intebvals. (2) Another name for the stop 
called “Princiiial” on organs. See Obuan under 
Musical Insteuments. 

- (Sound). The interval between two notes 

one of which has twice the frequency of the other. 

Octave Flute or Ottaviuo. The name sometimes 
given to the piccolo. 

Octavo (Print.) A leaf forming one-eighth of a 
sheet when folded for binding is said to be octavo 
size. The sheet thus makes 16 pages. Abbreviation, 
8vo. 

Octet (Music). A composition for eight voices or 
instruments. 

Octodecimo (Print.) A leaf forming one- 
eighteenth of a sheet when folded for binding is said 
to be octodecimo in size. The sheet thus makes 36 
pages. Abbreviation, 18mo. 

OoulaF (Astron.) See Eyepiece. 

Ooulua (Architect.) (1) A large circular window 
in the oentie of the west front of a church. This is 
a common feature in Continental churches, but is 
rarely met with in England. (2) A similar window 
or opening in the centre of a dome—as, for inatanoe, 
the unglazed circular opening 27 la. diameter in the 
crown of the dome of the Pantheon at Rome. 
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Odeum {Architect.) A roofed building used by 
the aucient Greeks and Bumans for musical perform¬ 
ances. The name is sometinies applied to modem 
buildings used for similar purposes. 

Odonto^aph {Eng.) A scale used in drawing the 
forms of the teeth of wheels. 

(Enoohoe {Arckeeol.) A small jug or vase, some¬ 
times withastrainer in the neck, used for transferring 
the wine from the crater {g.v.) to the drinking-cup. 

(EsophafuB {2kiol.) The oesophagus or gullet 
forms a straight tube leading from the phar.vnx to 
the stomach. 

Off Cut {Print.) (1) The p.art of a sheet that is 
cut off to make it tlie proper size. (2) I'he part of a 
printed sheet cut off and folded separately for inser¬ 
tion in the larger portion, e.y. in the case of a 
duodecimo sheet. 

OffensiTe Trades {Hygimne). The Public Health 
Act, 1876, sec. 112, speciffes the following as offen¬ 
sive trades; Blood boiler, bone boiler, fullmonger, 
soap boiler, tallow mclter, tripe boiler. The model 
byelaws of the Local Government Board specify, 
in addition to the above, the trades of blood drier, 
leather dresser, tanner, fat melter and extractor, 
glue maker, and size maker. The I’ublic Health 
(London) Act, 1891, adds to these; manure manufac¬ 
turer, knacker, and slaughterer of horses. As to 
what constitutes an offensive trade other than those 


Offtot {Etect. Eng.) A subsidiary wire or cable 
leading from a main to a point where current is 
required. 

- {Surveying). A distance measured trans¬ 
versely from a point in a station line (usually at 
right angles to the latter) to some other point or 
object the position of which relative to the line is 
to l>c ascertained. 

Ogee {Architect.) (1) A compound moulding 
formed by the conjunction of a cavetto and an ovolo. 
(2) A form of arch having each of its sides shaped 
similarly to a ejma-recla. The ogee arch was 
frequently used in the Decorated period of Gothic 
architecture. Sec Cyma. 

I Ogival {AreMteet.) A French term signifying 
Gothic. See Ogive. 

Ogive {Architect.) A French term used somewhat 
loosely, denoting the following; (1) A pointed arch, 
(2) A diagonal rib or arch of a Gothic vault, (3) Au 
ogee {q.r.) See Ogival. 

Ohm {Elect.) The practical unit of Resistance 
{q.v.) It is equal to the resistance of a uniform 
column of mercury lOb'3 cm. long and 14*‘1521 grams 
in weiglit at (fO. For the purposes of legal 
definition it is the resistance of a certain standard 
coil at a temperature of 16'4''C. 

Ohmic {Elect.) Due to, or relating to. Resistance 


specified, it is held that the business, in addition to 
being proved noxious, must be of the same nature as 
those specified, and must deal with animal matters in 
some form. Under penalty of a fine of £50, with a 
daily continuing penalty of £60, it is absolutely 
prohibited to establish anew in London the trade 
of blood boiler, bone boiler, manure manufacturer, 
soap boiler, tallow melter, or knacker; and without 
the consent of the London County Council, that of 
fellmongcr, tripe boiler, or horse slaughterer. The 
business of soap boiling may be established anew 
with the sanction of the London County Council, 
provided that no animal oils or fats other than olein 
are used in the manufactnre. The chief nuisances 
arise from the improper storage of the materials used 
and the offensive vapours given off during the process 


{q.v.) Thus Ohmic Loss is the energy lost in a 
circuit through the resistance of the conductors. 

Ohm Meter {Elect. Eng.) An instrument for the 
commercial measurement of resistance by a simple 
process. 

Ohm's Law {Elect.) In any cirouii the ratio of 
a uniform electromotive force to the current wldch 
it produces is a constant; this exjnstant is termed 
the Resistance of the circuit. If 0 lie the current, 
R the resistance, and E tlie electromotive force, 

then C is proportional to If the current be 


in amperes, the resistance in ohms, and the clectro- 

E 

motive force in volts, then C = j^. 


of manufacture. 

Official {Pharmacy). Drugs are said to be 
“ official ” if they arc included in the British I’har- 
macopoehi, a list pre{)ared and published by tlic 
General Medical Council acting under the authority 
of Parliament, A similar list is issued in most other 


Oil Coil {Elect.) (t) A transformer which is oil 
cooled. (2) A TesLa Coil {q.v.) 

Oil Cooling (Eleet. Em.) Enclosing a transformer 
in a batli or lank containing oil, in order to aid the 
dissipation of heat due to the currents. 


countries. The name assigned to a substance in this 
list is its “ official name.’' 

Officinal {Pharmacy). The term applied to drugs 
kept and sold by druggists or apothecaries for 
medicinal nse. Sae Official. 

Offing or Yisible Horizon {Astron.) The bounding 
line of the portion of the earth visible to an observer 
whose eye is some distance above the surface. If 
radius of the earth, h the height of the eye above 
the surface, then the distance of the offing is 



■ Ditianee oL See Offing. 

Offset {Botany) A short stoat shoot developed 
from the parent plant as a means of vegetative 
reproduction. 

—- {Brdld.) A horizontal or inclined ledge, 
occurring at a change in thickness of a wall, 
buttress, etc. 


Oiled Paper {Paper Manvfac.) The paper used 
for copying tmok.-i ctrasisls of ordinary paper brushed 
over with boiled linseed oil. 

Oil Engine. An engine in which tbo source of 
energy is the combustion within the cylinder of a 
gaseous charge, derived from the vaporisation of 
a suitable oil. Ktrictly speaking, this definition 
includes all the types of engine used in motor cars, 
cycles, and boats; but it is convenient to make a 
distinction between those engines using a very 
volatile oil (petrol, motor spirit, etc.) and those 
using a lieavy oil, such as ordinary Petroleum. 
To the latter class the term Oil Engine is most 
commonly applied. The design ot)mraonly follows 
that of a Gas Engine {q.v.), with the ailditi(>n of 
a tank or reservoir to (xmtain a supply of oil; a 
Vaporiser or Carburetter, by which the oil is con¬ 
verted into vapour, and the necessary pumps, valves, 
and tubes by which the supply of oil to the vaporiser 
is maintained. Oil Engines of modem type differ 
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chiefly in the nature of the vaporising arrangements, 
and are usually divided into four main classes : 

I. The explosive mixture is formed in a large 
chamber, into which the oil is injected by a spraying 
nozzle. The vapour mixes with the whole of the air 
necessary for combustion while in this chamber, and 
the mixture is dyawn into the cylinder as required. 
The chief objection to this type is the presence of a 
large volume of explosive gas in the vaporiser. 

II. The oil is vaporised in a small chamber along 
with a little air; tlie remaiuder of the air required 
for combustion enters the cylinder through a 
separate valve. III. The oil is vaporised in a small 
(diamber, through which the whole air supply is also 
drawn. IV. I'he oil is vaporisetl in the combustion 
chamber itself, which is an extension of the cylinder; 
air enters through a separate valve. In order to 
stivrt the engine, the combustion chamber is heated 
by a lamp; when the engine is running, the necessary 
temperature is maintained by the explosions. The 
Hornsby Ackroyd engine is typical of Class IV. 
A suitable quantity of oil is forced into the com¬ 
bustion chamber and rapidly vaporised; owing to 
the absence of fresh air, the vapour does not ignite 
at this stage. The forward stroke of the piston 
then draws in a supply of air; the return stroke 
compresses the mixture, raising its temperature by 
the comf)reBsion, and ignition occurs spontaneouslj^ 
just as the piston commences the next forward 
stroke. The timing of the ignition is effected by 
varying the amount of compressipn, i.e. by altering 
the volume of the clearance space. Thus no ignition 
tube, sparking plug, or other special device for tiring 
the charge is requirerl. The governing of the engine 
is effected by regulating the supply of oil which 
enters the combustion chamber. An oil engine 
refpnres no jiennanent snpjdy of gas and no fixed 
pipes or connections; its fuel is cheap and iiortable, 
and the engine can !>e set up in places where gas is 
unobtainable and coal is scarce or diflicult to 
transjwrt. Extensive trials ha\e shown that the 
consumption of oil in a good engine may be as low 
as '75 lb. per indicated horse power hour. 

Oil Feed etc.') Any ap;iaratu.s used for 

supplying oil regularly to a moving part of a 
maciiinc. 

Oil Fuel (.Eng.) The methods of using oil as fuel 
or the source of energy may be divided as follows : 
1. IsTEHNAr. Combustion: The oil is vaporised 
and forms an explosive mixture in the cylinder of 
an engine, as de.scriV)ed under Oil Engine and 
I’ETBOi. Engine (^.r.) II. Bxtbenal Combustion ; 
The oil is burnt in the iireliox or furnace of a 
boiler in order to generate steam. The oil may be 
vaporised in a separate chamber, and burnt with a 
suitable air supply at the month of a large burner ; 
this method is used in the boilers of steam motorcars 
and certain other small boilers. In lai'gcr boilers, 
the oil is sprayed direct into the firebox along w'ith 
an air supply, sometimes supplemented by a jet of 
steam. The firebox should he provided with either 
a lining or a bridge of firebrick, to prevent the flame 
from playing directly on the metal surfaces. The 
great advantages of oil fuel are the reduction of space 
for storage, saving of labour in handling the fuel and 
in stoking, rapidity with which steam can be got up. 
and the ease with which the rate of combustion can 
be controlled. It is tlius very suitable for use in 
steam vessels, especially battleships. Oil fuel used 
for external combustion is, however, dearer than 
coal. 


Oil Hardening (Eng.) Steel is sometimeE 
hardened by beating to redness and plunging into 
oil; this cools it less rapidly than water would do, 
the result being tlmt it is less brittle. 

Oiling (Woollen Mtmvfae.) The application of oil 
to wool prior to blending and carding. This causes 
the fibres to glide very readily over each other and 
to be easier of separation, and yet imparts an artificial 
degree of adhesiveness. 

Oiling Motion ( Woollen, Manufae.) A mechani¬ 
cal metnod of oiling the wool as it passes over the 
feed sheet of the Fearnought or the Teazer. It 
sprinkles the wool with a regular quantity of the 
oiling composition. 

Oil of Mustard (Chem.) See MUSTARD OILS. 

Oil of Turpentine (Dec.) See Turpentine. 

Oil of Vitriol (('hem.) A common name for sul¬ 
phuric acid (g.v.) Sec Sulphuric Acid, 

_ Oil Paint (Doe.) Paint mixed with oil, usually 
linseed, in contradistinction to water paints and 
distemper, in which water is employed as a vehicle 
instead of oil. 

Oil Painting. See Fainting (Methods) and 
House Painting, 

Oil Pump (Eng.) A small pump either driven by 
hand or working automatically; used to force oil 
into bearings or other moving parts of machinery. 

011b. Oils and fats are obtained from nearly every 
snblivision of the- vegetable and animal kingdoms, 
while the earth yields a very similar product in 
so-callcd iniii.jral oil (eee Petroleum), w'hich was 
doubtless, originally, of organic origin. No precise 
classification of oils is possible, and the plan usually 
followed is to arrange them according to the pro- 
jicitics they possess; for instance, vegetable oils 
being divided into drying, semi-drying, and non- 
drying oils. The anim.!! oils are more usually divided 
according to their source of production, viz. fish oils, 
liver oils, and blubber oils, beef and mutton tallows, 
bone horse f;it, etc. A further classification deals 
with the oils according to their particular uses and 
the treatment necessary to fit them for the purpose 
in view. The difference between an oil and a fat 
depends only upon temperature; thus butter, which 
i.> considered a fat in this country, might also bo 
classified as an oil in a very hot climate. Nearly all 
vegetable oils are extracted from the seed, either by 
(a) expression or (h) volatile solvents. Linseed oil 
is the vegetable oil which is moat largely produced 
in this country, the value of the linseed or flax seed 
imported in one year amounting in round figures 
to fdj.'iOOitKX) in value. The value of cotton seed 
imported amounts to nearly £3,GOO,000, and the 
quantity is inrreasing. 

Although the treatment of the oil seeds and the 
machinery employed varies with the particular kind 
of seed to he treated, the operations are in many 
respects similar. Linseed is now usually taken up 
from barges or vessels brought alongside the wharves 
to the lop of the mill by means of portable elevators 
or suction pipes. Here it is conveyed to any part of 
the building by means of travelling bands and a 
series of shoots leading from llo.or to floor, and is 
idtimately conveyed to the milling room, which is 
nsually on the ground floor. The seed as received 
from abroad is often mixed with various other seeds, 
stones, dust, and foreign material. When a better 
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class oil is required the linseed, before reaching the 
milling room, is passed through a cleaning machine 
worked in conjunction with a fan, by which means 
dust and foreign seeds are extracted. 3iagnets are 
sometimes used in addition to take out nails and 
pieces of metal which may have accidentally become 
mixed with the seed. The first operation in the 
milling room is to grind the seeds into meal in an 
edge runner, or between rollers of an Anglo-American 
five roller machine. It is then usually conveyed to 
a kettle, boated by steam and partly cooked, this 
having the effect of increasing the yield of oil, or 
rather of rendering it more fluid and easy to extract. 
Beneath the kettle is a measuring box, which, when 
full, is drawn o\it, the meal dropping on to a press 
cloth and being then lightly pressed, so that it may 
be taken out in a fairly solid form for conveyance 
to the hydraulic press. The solid cake of meal, with 
the press cloth, is then phiced between two iron 
plates, and further cakes and plates are built up to 
the extent of usually about sixteen. Each plate is 
engraved with the name or device of the manufac¬ 
turers. The hydraulic press having been started, the 
oil is gradually pressed out, and runs off into a tank 
below, whence it is afterwards pumped ito the 
refinery, or in some cases sent to a firm who make 
a business of refining. The cake or residue of the 
linseed, while still warm, is trimmed in a special 
paring machine, and forms valuable feeding stuff 
for cattle, owing to the oil contained in it. In some 
cases where the residual cake is not to be used, such 
as in the case of castor oil seeds, a second pressing 
is given, the first cake being broken or ground up 
for the purpose. The process described is substan¬ 
tially that followed in the case of mo.st seeds. Tlie 
recovery of oil by means of soUents is carried op 
principally in connection with raj)e seed and castor 
seed; the solvent used is usually petroleum ether or 
carbon bisulphide. Two types of apparatus are iit 
use, one termed the “ cold* ’ process, and the other 
the “ hot.” In the former a series of vessels are so 
arranged that the solvent percolates from end to end 
in such a maimer that the };arlicular vcs.scl which 
receives the refuse meal that has been acted upon 
is the one which, when emptied, is reaily to be 
recharged. The mixture of oil and solvent being 
withdrawn, the latter is driven off by means of heat, 
the vapour being condensed in a coil so that it may 
be used over and over again. Ihe hot process is 
objectionable from tlie risk of fire. Linseed oil is 
the princ^I Paist Oil (//.r.) The preparation of 
Cotton Seed Oil is in many resi^ects similar to 
that of linseed oil;, the cotton husks being expressed, 
the product is used very largely for food. It is esti¬ 
mated that 9,000,000 gallons are employed in one year 
for making compound lard. Olive Oil is obtained 
from the fruit of olives after the kernels have ^en 
removed. In the best grades the fruit w'hen ripe is 
picked by hand, usually in the months of October 
and November. The fruit is cru.shed, and the pulp 
placed in rush baskets with a small opening at the 
top. These baskets are placed one on top of the 
other in a press worked by liand. The oil is thus 
expressed, and runs into a vessel below, which is 
partly filled with water, in order that the impurities 
contained in the oil may be deposited and the oil 
collect on the surface. The pulp is subsequently 
crashed several times, thus giving various grades of 
oil, of which there are a large number, depending 
not only upon the method of preparation, but also 
on the de^ee of ripeness of the fruit, the variety 
of the tree from which the olives are obtained, and 


other cironmstanccs. Olive oil is chiefly employed 
for alimental purposes ; the inferior qualities are 
frequently employed for soapmaldng, and also as 
lubricants (j.v.) Olive oil Is often adulterated with 
cotton seed oil and oil from various vegetable sources. 
The specific gravity of olive oil at 16“C. is 0-9178; 
this is for best or virgin oil; that of Gallipoli oil is 
0-9196. 

Obyino Oils are those which, when exposed to 
the air, combine with oxygen and become hard. 
Non-drying oils when so exposed do not dry, but 
become rancid, and in many cases undergo decom¬ 
position. The principal drying oils, in addition to 
linseed oil, are the oils derived from hemp seed, 
poppy seed, walnuts, castor seed, sunflower seed and 
gra^ seed. There are many other drying oils, such 
as garden cress seed oil, hickory oil, melon sc^ oil, 
pumpkin seed oil, w-bich are nut regarded as com¬ 
mercial products. Hemp Seed Oil is sometimes 
used in the mannfactiii-c of colouiu and varnishes, 
being then usually mixed with linseed oil. It is also 
employed for tlie same uses as olive oil. Poppy 
Seed Oil i.s somew-hat important, because of it.s 
light colour. It is largely employed abroad for 
grinding white paints such as zinc oxide, the absence 
of colour being valued where it is desired to maintain 
the parity of tint. Poppy oil in this country- is chiefly 
used for artists’colours; walnut oil is also used for 
artists' colours. Si e also Walnut Oil, Castob Oil, 
Poppy Reed On.. 

The principal Non-Deyino Vegetable Oils arc 
cotton seed oil ground nut oil (arachis), hazel 

nut oil, maize oil. almond oil, palm oil, cocoanut oil, 
anti olive oil. The following oils are also produced 
in various parts of the world in more or less large 
quantities: plum kernel oil, .-.esame oil, mustard 
oil, hoise clu-stnut oil, peach oil, quince oil, 
radish seed oil, rice oil, cherry kernel oil, linden 
wood oil, tea seed oil, beech nut oil, acorn oil, and 
croton oil. 

Animal Fats and oils are produced in very laige 
quantities in a variety of different ways, having for 
their object tlie same end as in the case of vegetable 
oils, namely, the separation of the oil from the 
extraneous material. Tn many cases the process 
consists principally of boiling in closed vessels, and 
drawing off the oil so obtained. The animal kingdom 
contains oil almost universally, and very little of it 
is w-asted. The most familiar example of the pro- 
daction of fat or tallow from freshly killed cattle 
and sheep is done in each of the large towns, usually 
by the biggest films of soapmakers, who collect the 
waste fat at frequent intervals, and in some cases 
have oflBces and depots established in connection 
with the meat markets or slaughtering houses. In 
such cases the scrap fat is boiled down the same 
day as it is collected, and in tliis case it is usui^y 
sold to mar^rine makers or the manufacturers of 
butter substitutes, and is often used mixed with a 
preparation of cotton oil. Animal fat being the chief 
raw material used by such makers, the business of 
recovering and rendering fat is usually carried on 
in connection with soapmaking business. Perhaps 
the most important animal fat is tallow, which is 
divided into two definite classes, beef tallow and 
mutton tallow. The quality d^nds not only upon 
the part of the animal from wliich the fat is derived, 
but also tlie manner in which the animal has been 
fed. See Tallow-. 

LABD is obtained from the fat of the kidneys and 
Intestines of the hog, together with that portion 
lying beneath the skin. The quality varies according 
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to the part of the animal the fat is obtained 
from. Whore lard is prepared on a large scale the 
different parts iure rendered separately, thus giving 
definite qualities. For instance, in the American 
market, ^enoe oomes much of the lard that reaches 
this market from abroad, the term “Neutral Lard 
No. 1 ” is applied, to the fat which is obtained from 
the interior of the pig rendered while perfectly fresh. 
It is used almost esxdnsiTely by margarine manufac- 
facturers. “Neutral Lard No. 2” is another grade 
which is chietiy used by confeotioners, and there are 
various other grades. The method of preparing is 
to carefully melt the raw material, which is first 
freed as far as possible from flesh, sinews, and skin, 
and is then cut into small pieces by means of a 
machine. The mating pan is often steam jacketed, 
and the fat is stirred by wooden paddles while being 
extracted until it is quite white. It is strained 
before being placed in cooling vessels, and again 
stirred while it is actually cooling, although it is 
important to suspend the operation before the mass 
gets solid. The specific gravity of lard at 15" C. is 
0'931. I.nrd oil is obtained from lard by pressure. 
It is somewhat similar to olive oil in appearance, 
and is valuable for lubricating purxxises. The solid 
portion of the tallow left l)ehind in the presses is 
useful for candle manufacture. House Fat is used 
in leather manufacture for lubricating and for the 
manufacture of soft soap.s. Bone Oil and Bone 
Fat are important products, and are obtained from 
the tone marrow and also from the tone itself. In 
the manufacture of glue, gelatines, and size the pro- 
cess includes the preparation of considerable quan¬ 
tities of bone fat. The extraction of the oil is either 
done by boiling, steaming, or c.xtraction by a 
solvent. 

The Fish Oils obtained from the livers of various 
animals are of considerable commercial importance, 
particularly cod liver oil, which is largely used in 
currying leathers as well as for medicinal purposes. 
Shark liver oil is also produci*d to a considerable 
extent. Wlialc oils are obtained from several animals, 
in addition to the Greenland whale, such, for instance, 
as the seal, walrus, sperm wtole, porpoise. Heal 
oil is of various grades {m-e Seal Oil), and among 
fish oils there are those obtained from the heiTing, 
pilchard, sardine, salmon, sprat, and other fishes. 
As indicating the very wide field from which oils 
and fats are derived, a few of the animals and 
vegetables from which they are obtained, in addition 
to those already mentioned, may be fpven: apricot, 
badger, belladonna seed, brazil nut, caudle nut, 
chamois, cliicken, cress seed, cucumtor seed, dog, 
domestic duck, gingelly, goose, hare, honesty, horse- 
chestnut, laurel, Niger seed, nutmeg, palm, reindeer, 
roebuck, Scotch fir seed, spruce fir seed, sunflower, 
seakale, thistle, wild goose, wild rabbit. 

The most interesting oils at this time are, perhaps, 
Maize Oil and Tung Oil (y.r.), or Chinese woo<i oil, 
which bid fair to increase considerably in use. 

A. 8. J. 

OIU, Chemiit^ of* The term “ oil" is not capable 
of exact definition, as it is applied to substances of 
widely different classes. Three cla^sses of oils may 
be distinguished: (1) Burning and Lubbicatino 
Oils: These are usually composed of Paraffins 
( o.t>.), Olefines (^.r.), and Naphthenes (q.v.) 
^ese occur naturmly in the earth. (2) Fixed 
Oils: Oils which cannot be distilled (at any rate 
under ordinary atmo8}>heric pressure) without decom¬ 
position. They are usually obtained from animals 


and from the fruits and seeds of plants, and 
chemically they are glycerine esters of Berated 
(butyric and higher) and unsatumted (oleic, etc.) 
acids of the fatty series. (3) Essential ob Vola¬ 
tile Oils : As the name implies, they are volatile ; 
that is, they distil unchanged at the ordinary' 
pressure, and most of them distil in steam. They 
are obtained from plants, some from roots, some from 
stems, some from leaves, some from fruit, and usually 
by distilling with steam; but some, like oil of lemon, 
by picssure. They have distinctive odours, and arc 
used in many ways, as in perfumery, medicine, 
mixing paints. They belong to widely different 
classes of chemical compounds, e.g. hydrocarbons. 
iSce Terpenes. AlcohoU and Phenolt: Oil of cloves 
contains eugenol (a.v.); oil of peppermint contains 
menthol (,q.v.); oil of lavender contains linalool 
(q.v,) Aldehydet: Oil of cinnamon contains cin¬ 
namic aldehyde; oil of bitter almonds contains 
benzaldehydo (g.c.) Keloncs: Examples of these 
will be found under Terpenes, wlicie they arc 
mentioned incidentally. Esters : Oil of wintergreen 
is methyl salicylate; oil of limes, neroll oil; jasmin 
oil and others contain linalyl acetate. Oils are 
colourless or yellow liquids, insoluble in water, 
except some of the essential oils, which dissolve 
enough to give an odour to the water. They arc 
rarely pure or even nearly pure substances, but oil 
of wintergreen is nearly imre methyl salicylate; 
every other oil mentioned above is a mixture of 
substances.—W. H. H. 

Oil Shales iGeol.) Argillaceous rocks of sedi- 
raentary origin which contain diffused hydrocarbons 
in a state which admits of their being distilled into 
paraffin oil cn the proper application of heat. The 
term is properly restricted to those rocks of this 
ch'iss w'hieh contain the hydrocarbons in qnnntitie.s 
sufficient to leave a profit after all the working and 
other expenses have boon paid. Oil shales occur in 
thin tods like coal seams, and are finely laminated. 
They are generally sooty brown in coh)ur, which 
becomes jtaler in the powder, resulting from a scratch 
or a streak. The rock is about as hard as biscuit, 
and therefore easily cut with a knife, which leaves 
a shining mark, having a lu.stre nearly like that 
of cut wax. Thin sheets of oil shale are elastic. 
This elasticity is dependent, like the degiec of waxi¬ 
ness of the cut surface, upon the perccntjrge of hydro¬ 
carbon present, of wljich these characters form a 
rough test. Oil shales graduate vertically and also 
laterally into ordinary shales, and are commonly 
iuterstratified with rocks of thi-s type to an indefinite 
extent. The Scottish oil shales are confined to 
geological horizons near the middle of the Lower 
Carboniferous Kocks, and are practically limited 
in their geographical distribution, even on these 
horizons, to jiaj-ts of Mid and West Lothian. Rocks 
of similar character occur sparingly in other geo¬ 
logical formations in Britain, of which the chief is 
in the Kimeridge Clay of the south of England. 
This and various other impure oil shales have 
occasiomally been used in the furnaces of steamboats 
in lieu of coaL There are reasons for believing that 
oil shales have been formed in lagoons, in which 
solutions of sulphate of lime more or less concentrated 
by evaporation have further decomposed macerated 
vegetable matters and converted part of the products 
into gummy compounds which have diffused through 
the argillaceous sediments at the bottom of (he 
lagoon. The geological evidence lends but little 
support to the old view that the hydrocarbon was 
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<luc to the ditiiillation of coal seamn b>' tlie heat 
conncotwl with the intrasioa of eruptive rocks.— 
J. G. G. 

Oil Stone ( Carp., Eng., etc.) A flat stone of fine 
grain, nsed for .setting or finishing the cutting edge of 
tools. Many oil stones consi.st of some kind of slate. 
The best known forms arc the Turkey, Charley 
Forest, Arkansas, and Washita. 

Oil Yamiihes {Dec.) The group of varnishes 
made from linseed oil and gums, and used by house 
and carriage painters, etc., as distinguislieil from 
turpentine. water-, and spirit-varnishes. See 
Vabnishes. 

Old English {Typog.) A comprehensive term 
applied to most types of the JSlACft ICttCt onler, 
including those used in the fifteenth century and 
the more modern varieties. 

Old Face {Tyjwg.) A name given to a robust form 
of Roman types originally u.“cd by Ihe early Flemish 
printers, and of which the Elzevirs are examples ; they 
were suliscquently copied by William Caslon. The 
letters are somewhat rude, but .strong in form and 
without violent contrasts between the thi(;k and thin 
lines. Tlie term is generally used to distinguish 
founts of this character from the lighter and more 
eluant “ Old Style.” 

Typography. 

Typography. 

Old Fustic. See Dyes and Dyeing. 

Old Man {M'ming). A term applied to former and 
unknown workers in a mine. 

Old Bed Sandstone {Geol.) A general name for an 
important group of Deutcrozoic formations which 
were laid down under continental conditions during 
the Devonian Period. Taking them as a whole, the 
rocks are characteri.sed by a red coloration ; and 
on some horizons the strata consist of sandstones. 
At the top is the Upper Old lied Sandstone, which 
heralds the Carboniferous Period. The Upper Old j 
Red lies with an unconformity representing an 
hiatus of several miles upon all the rocks older than 
itself. The highest member of the next below is the 
Orcadian or Middle Old Red Sandstone, which was 
preceded in time by the Caledonian Old Red, which, 
again) lies with a violent unconformity upon the 
uppermost Silurian rocks, and all the rocks older 
than that. 

Old Sand ( Foundry). The sand forming the floor 
of a foundry; it is used for the parts of a mould 
which do not come into contact with the casting. 

Old Style {Typog.) The designation of (1) a nine¬ 
teenth century Roman type of liglit and elegant face, 
with a ten<lency to very fine lines in the upriglit 
Strokes and serifs. See Old Face. (2) A stylo of 
arrangement in bookwork and display in jobbing 
composition. 

Old Woman's Tooth {Join.) A Rodteb or plane 
for levelling the surface of grooves, etc., which lie 
below the gcnersl level of the surface of woodwork. 
The plane iron is narrow, and its cutting edge pro¬ 
jects below the bottom or sole of the plane by an 
amount equal to the depth of the groove which is 
being cut. 


Oleaoea {Botany). A dicotyledon natural order 
found in tropicial and temperate climates. It 
includes economic plants such as the olive and ash. 

Olefiant Gas ( Chem.) See ETnYhEXE. 

Olefines {Chem.) An olefine is a hydrocarbon 
contaiuing n carbon atoms united in an open chain,, 
and 2n hydrogen atoms in its molecule; n may be 
any whole number from 2 npwanis. As n carbon 
atoms united in an open chain can unite with 
(2» + 2) hydrogen atoms at the most, the olefines 
are said to be unsaturated. This state of unsatuia- 
t.ion is conventionally represented by a double line 
joining the two carbon atoms having the deficiency 
in hydrogen, for it is found by experience that the 
unsatiiration consists always in two adjacent carbon 
atoms, each having one Ijydrogen atom less in any 
given olefine than the same tw’o carbon atoms have 
in tlie corresponding paraffin hydrocarbon into which 
it can always be converted. Examples of olefines; 


Ethylene . CH, = CH, 

Propylene. ('H„ = Oil — CIT, 
r.utvleiie . CH; = Cll - CIL - CH, 
Pentene . CTI. = CH - Cll., - CH, - CH, 


It is clear that the compound CH,—CH = CH—CH, 
is isomeric with butylene; it may bo called butene-2 
{«eo NOMENCLATuiiB) or symmetrical dimethyl- 
ethylene; it is sometimes c;alled pseudo-butylene. 
It is an interesting substance because it exhibits 
another form of isomerism. See Ntebeoisomebism. 
Position isomerism can occur with the olefines just 
as it does with the paraffins {g.v.) Example: 
Butylene .... CH„=cn-CII,-CH, 

Isobutylene (Mcthyl.2-propene), CII, = 


On account of their nnsaturated character tlie olefines 
show many additive reactions : (1) They unite with 
hydrogen in prc'sence of finely divided platinum or 
nickel to form the corresponding paraffins: 


CH, CH, 

II +H,= i 
CH, CH, 

(2) Tltey unite with halogens directly, e.y. ethylene 
gives ethylene dibromide; 

CT/,Br 


(3) They unite with hydriodic, liydrobromic, and 
.snlpburic acids directly on heating; the negative 
part of tho acid molecule attaches itself to the 
carbon at(>m containing the least hydrogen, e.g. 


CH. 


CH, 

CH, 


CH, 


CH. 

I 


gives 


C’II,T 


CH gives CH.HSO, 


CII, CH, 


Ethylioilide. 

(4) They unite with hypochlorous acid to form 
chlorhydrins -■ 


CTI, 

II 

CH, 


gives 


CH,C1 
CH,OH 


CII, CH, 


CH gives CHCl 
CH, in,OH 


(5) On gentle oxidation they yield glycols (?.«.), but 
on strong oxidation they break down at the double 
linking, e.g. propylene strongly oxidised gives acetic 
and formic acids. (6) Most olefines undergo poly¬ 
merisation. The olefine.s occur to some extent with 
the jiaraffins in crude petroleum; and ethylene 
forms the principal illnminant in coal gas. They are 
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obtained in manj wayN. A few are: (1) Heating 
a paraffin alcohol with salplmric acid: 


CH, 


OIL 


d'H.OH 


+ H^O 


+ H,SO, = I 

(fHjHSO, 

Bthylbydiogen Sulphate. 

CH 3 CHj 

I ■ = II + H 3 SO, 

CH.,HSO, CH, 

(2) From monohalogen substituted paraffins by 
heating with alcoholic potash : 


CH, CH, 

1 + KOH = II + KI + n,o 

CH,i cn, 

Ethyliodlde. 

(.*i) Electrolysis of a solution of the potassium salt 
of succinic acid and its liomolognes; 


CHjCOOK 


OH, 


1 gives i| 

CH,COOK CH, 


Pot. Succinate, 


c,H„.c.n 

Oleic Acid (Cfiem,} || 

II. C. (CH,),COOH. 

A colonrle.ss liquitl ; no taste or smell; melts at 14°; 
boils at 223° under a pressure of 10 mm. of mer¬ 
cury ; insoluble in w'atcr, but easily in usual organic 
solvents. Turns yellow, then brown, on exposure to 
light and air. llydriodic acid converts it into stearic 
acid; it is also changed to stearic acid by hejiting 
with hydrogen in contact with finely divided nickel 
spread on pumice stone. Nitrous acid changes it to 
the stereoisomer elaidic acid (q.v.) ; it adds bromine, 
and is oxidised by potassium permanganate like 
tlie olefines (tf-n.) It occurs as its glycerine ester, 
Tbioleik, in a large number of oils and fats; e.q. 
olive oil, cod liver oil, lard, goose fat, etc. To obtain 
the pure acid, olive oil is boiloil with caustic potash 
solution; the liquid is treated with lead acetate, 
forming the lead salts of the acids; the jjrecipitatcd 
lead salts arc dried and extincted with ether, which 
dissolves lead oleato; the lead is precipitated with 
hydrochloric acid, and the ethereal solution of oleic 
acid is filtered off and evaporated. Tlic pure acid 
is obtained by fractional distillation of the residue 
from the ether in a vacmim. Oleic acid forms many 
salts, of which the lead salt i.s the most important, 
because it is the chief constituent of lead plaster. 
See aim Iopine Absobption. 

Oleo^apfa. A ]>ictare or a reproduction of a 
picture printed in oil colours: a chromolithograph. 

OleO'Mar^arine {Foodtt). Thu term applied in 
the United states to margarine iq.v.) 

Oll^ooene (Oeol.) A name now much used for 
the subdivision of the Tertiary Kocks in which a 
few living species of marine mollusca, as compared 
with the extinct species, are to be found. The 
formation is of much importance on the Continent, 
but in Hritain is represented only by a small thick¬ 
ness of strata of fluvio-marine origin in the Isle of 
Wight. 

Ollfoolaie (Min.) An alnmininm sodium and 
calcium polysilicate; one of the Felspars con-e- 
sponding to a mixture of thi-co parts of Albltc to one 
of Anor(.hite. Triclinic. Usually greyish or yellowish. 
From Bcandiuavia and many places in America. 

Olive (Botany). The fruit of Olaa eurnpma (order, 
Oloaoea;) is valued for the oil which it yields and 
as a comestible when pickled in an unripe state. It 


is much cultivated in Mediterranean countries, as 
well as in other suitable regions. 

Olive Oil. See Oils. 

Oliver (Eng.) A primitive form of mechanical 
hammer used by blacksmiths; it is now obsolete. 

Olivine (Min.) A synonym for Chbtsolitb (q.v.) 

Oila (Pot.) (1) An earthenware pot used by 
Spanish peoples for cooking and other purposes. 
(2) The mass of meat and vegetables cooked in such 
a utensil. (3) A porous jar for keeping drinking 
water cool. 

Ombrometer (Meteorol.) An instrument for 
recording automatically the time, quantity, etc., of a 
rainfall. See uUo llAlK GAUGB. 

Omnibus Bars (Elect. Eng!) Heavy conducting 
bars in an electric generating station, to which the 
terminals of the dynamos are attached. 

Once Harked Octave (Mnnie). The seven notes 
coiiiinenciiig with mhldle C (q.v.) In organ nomen¬ 
clature the once marked octave is an octave higher 
tlian the alwve. jSW- also Titch. 

One-at-Once Wheel, One-sit-Onoe Engine (Lace 
Mann/ac.) Hand and jmwer machine re.siwictively 
for conducting the proces.s of Onc-at-Once Winding. 

One-at-Onee Winding (Lace Manufae.) A system 
by whicJi the brass bobbins are wound, one at a time, 
upon a spindle revolving at a great speed. By this 
system the end from the fresh source of supply is 
simply tied to the end of whatever may be upon the 
bobbin and the bobbin filled up. 

One Coil Transformer (Elect. Eng.) An Auto 
Tkansfokmeb. See Tbahsfobmeb. 

Onyx (.Vi.- ) A variety of Chalcedony (q.v.) 
.showing parallel banding. The bands arc of different 
absorptive power, and advantage is taken of this to 
make some bands take up a solution of sugar ; on 
treatment with sulphuric acid the sugar is charred, 
and thus the black and white banding of the jeweller s 
onyx is produced. 

Oolite (Oeol.) A rock formed of small spheroidal 
pellets of carbonate of lime, and which bears some 
resemblance to the “hard roe”of .a fish. The structure 
of each pellet resembles tliat of an onion, ns it is 
built up of cono.entric coats. Tliese set'crally show a 
fibrous .structure radiating from the centre of the 
pellet. The core of the pellet, in the case of typical 
oolite, usually consists of a fragment of some other 
body. Oolitic structure may arise in various ways ; 
but, in the typical oolites, the pellets have been 
formed by the organic agency of an alga. In sdthe 
other cases they are due to organico-ehemical aeency, 
as in the Carlsbad “ Sprudclstcin," I.arge gr.ained 
oolite is often distinguished from the normal type as 
IHsolite. Oolitic structure occurs chiefly in the lime¬ 
stones of Jura-ssic age; but it is by no means un¬ 
common in rocks older or newer in the geological 
series. 

_ Op. (Music). The abbreviation of «/»»/# (work), a 
form of numbering musical compositions in order of 
publication. An opus may consist of one or more 
numbers. 

Opal (Min.) Hydrous silica in an amorphous 
form. The amount of water varies. Many .arieties 
show beautiful internal colonrs and are used as gems. 
Such come from Hungary and Australia. The 
common varieties are usually milky white to yellow 
and brown, with a resinous lustre. Some are opaque 
and dark coloured. 
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Opalite {Build.) A glazed sabstanoe about | in. 
thii'k, fixed on the surface of walls to represent 
glazed brickwork. 

Opal Plates {Phcto.) A porcelain or glass plate 
with nn opaque white glaze, coated with a sensitive 
film similar to those us^ on bromide printing papers ; 
used for making positive printe. 

Opaqae {Paint., etc.) The term applied to a 
pigment or substance that is impermeable to light 
and which is therefore not transparent. See Body. 

Open Belt {Bug.) A driving belt which is not 
crossed. 

Open Chain Compounds {Cbem.) When two or 
mote c.arbon atoms are united in a compound thev 
are said to form a chain. When there are three or 
more carbon atom-s united together, two possibilities 
present themselve.s with regard to the carbon atoms 
at the ends of the chain: (1) They may be united; 
(2) they may not be united. In the latter case wo 
have an open chain compound. Examples; 

CII, 

CHj, = CII - CII3 - 

0|ioQ Cliain. Closed Chain. 

Open Circuit {Elect.) An interrupted or broken 
circuit. 

Open Coil Armature {Elect, Eng.) An armature 
whose coils do not form part of a clo.sed or complete 
circuit during the whole of each revolution. 

Open Diapason (Mime). A .‘■top having no plug 
in the top of the pipes found on both the pedals and 
manuals of an organ 

Open Hearth Proeesses (.Vet.) Proccsocs for the 
production of steel from pig iron in reverberatory 
furnaces, as distinguislied from the Cementation or 
the Bessemer Process. In tld.s system pig iron is 
mixerl with wrought iron, steel scrap, or with iron 
ores rich in oxides. See .Steel, Sibmex's I^bocess, 
Metallubgy, and Fubnaces. 

Opening {Cotton Manu/ae.) The fii¥.t proces-s in 
cleaning cotton. The fibre.s are se^iarated or opened 
out by getting a thorough shaking, thus freeing the 
pure cotton from dirt, seed, broken leaf, and other 
foreign sultstanccs. The chief forms of openers are 
(1) CBBIGHTON, (2) PORCTJPISE, (3) MODIKIED 
Willow, to which may be attached a hopper feeder 
it necessary. 

—~ When newspaper copy is given 

out in small portions it occasionally happens that 
one of the pieces is in hand longer than t he others. 
If a gap is thereby caused, tlie compositor who is 
behindhand i.s said to be in the " opening.” 

Open Joint iPattm'nmaMng). The wide parts of 
large patterns are often made of a number of pieces 
of wood, separated by narrow siiaces to allow for 
expansion of the wood without producing distortion 
when tlie moisture of the mould acts on the pattern. 

Open Mouth {Eng.) A punching or shearing 
machine in which the jaws are formed like a 
letter C. allowing the edge of a wide plate to be 
inserted. 

Open Notes (Mneic). The notes given (1) by the 
open strings of mnsioal stringed instruments j (2) by 
wind instruments when neither slide nor piston nor 
^nd is used. See Violin, IIobn, TbombonE, under 
MUSICAL iNSTKUMBSTa 


Open Pnttem (Eng.) A pattern which only po> 
duces the main outline or contour of the required 
casting in the sand, leaving the rest of the mould to 
be finished by band. Abo termed a Skeleton 
Pattebn. 

Open Pig {Met.) Soft cast iron pigs having a 
loose crystalline structure. 

Open Sand (Foundry). Costings made in a 
mould whose top is open to the air are said to be 
mode in “open sand.” 

Open Beale {Phgt., etc.) A scale b said to be 
open when its divisions are fairly wide apart, e.g, the 
term is applied to thermometers with wide spaces 
between the marks which denote degrees. 

Open Score (MuHe). A score having but one part 
written on each stave. See also Scobs. 

Open Shed, Open Shedding (Wearing). Applied 
to siiedding motions, e.g. tappets, dobbics, Jacquards. 
The system of shedding the heddlcs or heald shafts 
by which any particular group of shafts may bo 
retained in the uj)per or lower position for any 
required number of picks. It is the opposite in 
principle to the Closed Shed (q.v.) 

Open Space (Hygiene). The Model Byelaws 
provide tliut a new liouse must have along its whole 
frontage an open space measuring at least 24 ft. to 
the boundary of any land or premises immediately 
opposite. In the rear there must be an open .space, 
exclusively belonging to the house, at least 150super¬ 
ficial feet in area and free from any erection above 
the ground level, except a closet and an ashpit. It 
must extend along the entire width of the house, 
and must measure in no ciise loss than 10 ft. from 
every part of the back wall of the house. If the 
house be 15 ft. high, the distance must be 15 ft.; 
if 2.5 ft.. 20 ft. ; and if 35 ft. or more, at least 25 ft. 

Open String ' Carj). and Join.) See Cut Stbino. 

- {Music). Ill stringed instruments, wliether 

bowed (e.g. the violin) or plucked {e.g. tlie guitar), 
a siring is said to lie Open when it is free to vibrate 
along its whole length, f e. when it is not “ stojiped ” 
by pre.ssiug the finger d.^wn ui)on it. Sec Musical 
INSTBUMENT.S. 

Opera Glass (Light). An opera glass or field 
glass consists of a pair of telescopes, usually of the 
type invented by Galileo. There is a convex object 
glass of focal lengtli F, and a concave lens of fixial 
length /, Bei>araled by a distance F — /, The image 

V 

is erect, and the magnification is in the ratio y 

Ophicleide (MuMc). A brass instrument which 
took the pbee of the serpent. The ophicleide has 
now given way to the tuba (j.p.) See MlTSICAL 
INSTBUMENTS—Wind (Bhass). 

Ophitic Stractare ( Geol,) A structure first noticed 
in the Ophites of the Pyrenees, which were so 
called on account of their resemblance in colour 
pattern to that of many snakes. Subsequently the 
same structure was found in other types of rocks. It 
consists essentially of a large patch constituting part 
of a single crystal of one mineral (and proved to ^ 
so by the examination of a thin section in polarised 
light), which encloses several crystals or another 
mineral in consequence of the period of consolidation 
of the two being different. Holocrystalline and 
Ophitic structures are characteristic of true dolerite, 
in which large plates of one of the Pyroxenes enclose 
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sevoral crystals ^usoaUy lath shaped in form) of a 
Plagioclase felspar, which is generally Labradorite. 
Ophitic strnctare may occur in other rocks besides 
dolerite. 

OplBtodomiu iAreliiteot.) See Cell. 

Opium (Botany), The drug is obtained from 
Palaver tomniferum (order, Papaveraeece) by in¬ 
cision of the unripe capsules, from which the latex 
exudes, and by evaporation becomes hard. Opium 
contains many alkaloids. 

— (CAm.) The dried juice from the unripe 
capsules of the white poppy {Papmer tomniferum). 
It is a reddish brown soft mass, which hardens and 
deepens in colour when kept. Characteristic smell. 
It contains a largo number of substances—resin, 
caoutchouc, albumin, and many (eighteen) alkaloids, 
the latter combined with meconic, acetic, and sul¬ 
phuric acids for the mo.st part. Tliere are many 
varieties of opium, e,g. Smyrna, Egyjitian, Indian, 
etc. These differ in the amount of alkaloids they 
contain, and arc generally estimated for the morphine 
(y.D.) which they contain. The most important alka¬ 
loids contained in opium are Morphine, Narcotine, 
Codeine, I’apaverine (y.t‘.) 

Opoponax (^Botany). A gum resin obtained from 
the milky juice of the roots of Opoponax c/iironium 
(onler, Umiellifera;). It is now used only in 
perfumery. 

OpoBBum (Zool.) A marsupial mammal found 
in North and Houtli America. Bi^lphis viryiniana 
is tlie Nortli American sj>ecics, and is valued on 
account of its fur. 

OppoBition {Attron.) The p(>siti(>n of a celestial 
boily when its elongation i.s lbO°. The moon at full 
is said to be in “ oiiposition." 

Optical AotiTity (Phyt., Chem.) The property 
posso-ssfid by certain substances of rotating the 
plane of polari.siilion of plane polarised light wliich 
traverses tlio substance. 

Optical Centre of a Lena {Photo.) A point such 
that all rays whose direction intide the Ions (or that 
<lirection proriucetl, if the point lies outside the lens) 
passes through it emerge parallel to their original 
din'cfion ; the ray ap))ears therefore to be undeviated 
if it pass through the optical centre of a thin lens. If 
normals be tlrawn to the two surfaces of the lens, so 
as to be parallel to each other, then a line drawn 
through Hie points where these normals cut the 
surfaces will in general intersect the axis at the 
centre of the lens. 

Optical iBomerides {Chem.) Compounds which 
differ only in their behaviour towards a ray of plane 
polarised light. Examples of such substances are 
the different forms of lactic acid {q.v.), of tartaric 
acid {q.v.), of mandelic acid {q.v.), cte. 

Optical Lantern. Alto termed Magic TjAntebn 
or simply Lantebk. It consists essentially of a 
BoDV or box containing the source of light, a CoN- 
DENSBU {q.v.), a support to carry the Slides, and an 
OftTECTiVE or, as it is also termed, a Focussing or 
Pbojecmon Lens. See laNTEiiN Objective. ITie 
light may bo obtained from an oil lamp (usually 
having several wicks), but more commonly the 
oxyhydrogen light {q.v.) or some form of electric 
light is used. An arc light produced by a continuous 
current is the best illuminant; the Nernst light is 
far the most convenient, and is for many purposes 
eqntd to the arc. 


Optically Active Snbstancec. Substances having 
the power to rotate the plane of polarisation of a ray 
of plane polarised light. See STEBEOiBOKBBXaVr 
Astuuetbic Cabbon Atom, and PolabibatioiT. 

Optic Axis {Light). 1, The axis of symmetry of 
an optical system, more often termed the OmoAl. 
Axis to distinguish it from the following. 2. A 
direction in a doubly refracting crystal along which 
the substance behaves as a singly refracting medium v 
ix. a ray traversing the crystal in this direction i» 
not split up into two. See alto Double Rbebaction. 

Opuntia {Botany). A genus of Caetaceee native 
to America. The “prickly pear” {O. vulgarit) krA 
“Indian fig” {O. Picut Indica) are well known 
examples. 

Or {Her.) The heraldic term for the metal gold. 
When arms arc represented without colour iis 
drawings or engravings, or is indicated by small 
dots. See Hbkaldby. 

Orange {Botany). The well known fruit of the 
cvci^reen tree Citrus aurantium, largely cultivated 
in subtropical regions. See Citbus. 

- {Paint.) A colour produced by a mixture of 

red and yellow pigments. See CoLOUES. 

Oratory {Architect., etc.) A small chapel, or » 
room in a iiousc, monastery, or church, arranged for 
private worship. 

Orb {Her.) See Moukd. 

Orbit {Astron.) The path in which a heavenly 
body moves, e.g. that of the moon round the earth 
or the earth round the sun. Closed Obbits are 
circles or ellipses. OPEN Obbits are parabolas or 
hyperbolas. 

OrchcBtra (At’chiteet.) (1) In the theatres of the 
ancient Creeks a semicircular space in front of the 
stage. This space was occupied by the Chobus [q.v.) 
The corresponding s|Kice in Roman theatres was 
occupied by seats intended for senators and other 
important persons. (2) In a modern theatre, etc., 
that part of the building occupied by the band of 
musiciiins. 

- {Music). (1) A body of instrumental per¬ 
formers. (2) The part of a building in which the 
instrumentalists and singers are placed. 

Opchestpation {Mtitie). The art of writing for an 
orchestra; of employing the different kinds of instru¬ 
ments—stringed, wind, and percussion—to obtain 
contrast and tone colouring. Orchestration and in¬ 
strumentation are the same. 

Opchidacea {Botany). A well known order of 
Monocotyledons found in temperate and tropical 
climates. The essence known as Vanilla, obtained 
from Vanilla planifolia, is the only product of 
commercial value. 

Orohil. See Dyes and Dyeing. 

Opdep (Biol.) A group of genera (see Gbnot) 
which have certain characteristics in common, i.e. 
which resemble each other more than they do any 
other genera. Tims the genera Bosa (rose), Pyrus 
(apple, pear, etc.), Pragaria (strawberry). Primus 
(plum), Buhus (blackberry, raspberry), etc., are 
gronpetl together to form the Order Rosaeeee, 

OPdePB ( A rehUect.) See ABCBITECTUBE, ObdebB 
OP. 

Opdinario (Musie). Ordinary : usual. 

Opdlnapy Ray (Light). See Double Bbpbaction. 
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Ordnance Datoin (jSurvfyingy. The ordnance or 
datnm line by. which all heights are fixed in the 
Ordnance Survey. It is 12^ ■ft. below Trinity high 
water mark, and ft. above Trinity low water 
mark. 

Ordnance Survey (^Survcmng'). The official sur¬ 
vey of Great Britain and Ireland undertaken by the 
Government and carried out by officers selected 
from the Eoyal Engineers, who prepare maps and 
plans. 

Ordovician (_Oeid.) A term proposed by Professor 
Lapworth for the great group of marine sediments 
and associated volcanic rocks which formerly went by 
the various names Upper Cambrian, Cambro Silurian, 
and “ Lower Silurian.” It is typically developed in 
Wales and in Cumberland. The use of the term pro- 
vents the ambiguity which that of any of tlie others 
carried with it. 

Ore {Mining). A mineral or rock from wliich a 
sub.stance of economic value can be extracted with 
profit. Thus Iron Pyrites (q.r.), though containing 
a considerable quantity of iron, is not an iron oie, 
since the iron cannot be profitably extracted ; but it 
is an ore of sulphur, and is u.-ed c.xtensively a.s such 
in the manufacHire of sulphuric acid. 


Orjanxine (Silk Mmufae.) BiHRithread for warp 
purposes, doubled and thrown of sufficient strength 
to stand the strain of weaving. 

Oriel Window iArchitect.) A bay 
an upper floor overhanging the face of 
the wall below. 

Oriental Alabaster (Min.') See 
Calcitk. 

Oriflamme (Areheenl.) The banner 
of the Abbey of St. Denis: a banderole 
of orange red coloured silk, attached to 
a gilt lance and terminating in two 
[X)ints. It was the standard of %he 
early kings of Prance, and was handed 
to them on setting out for war by the 
Abbot of St. Denis. 

Origanum (Botany), A genus of 
Lahiatte. O. vulgare is the cutumon 
herb Marjoram. Oil of Marjoram is di.stillcd from 
O. niajorana. 

Orles (Tier.) This is one of the subordinarie.s, a 
diminutive of tlio “ bordurc, ’ but detached from tlio 
Ollier edge of the shield. Sometimes blazoned by 
early lierahUs a.s an inescutcheou voided. See 
IlBBALDUY. 


window on 
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Oreillette (Arm.) The part of the helmet that 
protected the ears. 

Organ (Biol.) A portion of an animal or plant 
having some definite function. 

- (Mneie). See MUSICAL Instruments— 

Wind (Keyedi. 

Organic Chemistry. The chemistry of the carbon 
oomiwunds. A few carbon compounds sucfi as carbon 
monoxide, carbon dioxide, carbon disulphide, the. | 
carbonates, and the metallic caibides are usually 1 
dealt with in works on Inorganic Chemistry, 1 


Ornaments (Mimic). Embelli.shmcnts, grace notes. 
The princqial are; (1) The Turn, which is indicated 
by a placeil above or below a note. When an 
accidental is placed above or below any ornament it 
shows that tlic highest or lowest note respectively is 
to bear that acciduiifal. 

Wiitteii. Playeit. 

Turn over a note. 


- 


Organ Pipe Coral. See Coral. 


Organum (Mitxie). An added part to the Canto 
Permo (//.».) in ohl music, which firstly was in 
unisons and octaves, then in consecutive fourths or 
fifths, fresh intervals gradually being allowed to be 
added through succeeding centuries. The following 
fragment of a hymn taken from Sir Hubert I’arry’s 
Art of Almie will show the style of organum in the 
thirteenth century; 


iNTBnVALS. 

i 

OnOANUM. 


Q. 




5 

<r>' 


8 

jar 


ja: 


=33 ri" 


1 


Turn over a dot. 





Turn between notes. 





Canto. 


mi 


E - men - da - tos nos com 
==r=t3i:* 




■&- 


3 1 1 .3 B 5 



(2) The Inverted Turn is indicated by i or 
W ntten. PJayed. 



(S) The Shake, or Trill, which is indicated by 
tr. or /r, and consists of a rapid alternation of the 
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principal (written) note with the diatonic note above, 
which may be hither a semitone or tone according to 
the degree of the scale on which the shake appears, 
-Care mnst be taken to see in what key the shake 
appears, as the diatonic note above of the temporary 
key it the o|te to be used. Bach, Handel, Mozart-, 
Haydn, and other comjrosers of the eighteenth 
oentnry generally commenced the shake with the 
note above, except in the case of a shake commenced 
immediately a&er a rest, which w'as termed trill ex 
abrupto, when the shake always commenced on the 
principal note. ITummel and later composers, 
excepting (Ihopin, who reverted to the older style of 
Bach, commenced with the principal note. Bach 
generally indicated the shake as follows : 

-$— 

■or by a note of anticipation after the M'*. as— 


Written. , 1?liywd. 



It will be seen that the accent always falls on the 
principal note, and that the time taken by the 
ornamental notes is robbed from that principal note, 
whereas in the Naehachlag tlie time of the small 
notes is taken from the preceding note. The 
following shows the Naehsehlag and Schltifer : 

Written. 

Nacliaohlug. 8cbleifer, 





A shake usually, though not invariably, ends with 
a turn. 

Tub Shark. 

Written. 


(«) “W/" 



In modern music this shake {b) is written; 


tr- 




whilst the performance of (a) is: 


m — m - 

;_a_: 


zz 

-1- 1 


Played. 



The slur .shows which is the schleifer. (7) The 

ArPOGUiATUnA (2.»>.): 

Written. Played. 

- 4 - 






(8) The Acciaccatuba (y.f.): 

Written. Flayetl. 



In addition to the aliove, there were in older music 
other ornaments, a few of which are shown below: 


Written. Played. 



(4) Thh Mobdbnte, and (6) The Inverted Mor¬ 
dents, also called I'iulltbidl.er or .Somnelleu. 
These (4 and 5) are shown under Mordbntk, 
p. 413. (6) The Slide, Bchleikkb, or Tierce 

Coulee. 

The Slide. 

Written. Played. 
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\FntteD. Flayoii, 

i* 

•'"'VWj 

1“—:.S- 


rr^Si 
zm~ 

w. w. 

Orpiment {Min.) Sulphide of arsenic, As^S,. 
Arsenic = Gl, sulphur = 35> per cent. Orthorhombic, 
hut usually in foliated ninssc.s, not in crystals. 
Of a bountiful lemon yellow colour. Scctile and 
flexible. The artificial orpiment is used us the 
pigment King’s Yellow. From Bohemia, Hungary, 
Transylvania, etc. 

- {Paint.) A rich yellow pigment compounded 

from sulphur and arsenious oxide. 

Orris Root (Botany). T])C! prepared rhizomes of 
Jru flarentina (order, Iridaeeie) are extensively 
used' in perfumery and in the manufacture of 
“ Essence of Violet.<«.” 

Orr’s Zinc White {Bee.) Sec Zikc White. 

Orthochromatic {Photo.) This term is generally 
understood to mean tl)e correct rendering of the 
luminosity or briglitness of colours in monochiome 
by photographic means. 

Orthochromatic Plate {Photo.) A x>latc which 
has been specially jjreparecl for jdiotographiug 
coloured objects, and in which the colour scn.sitive- 
ncss has been obtained by the addition of certain 
dyes to the emulsion. In order, however, to gain 
full advantage of this addition, it is ncrcssary to 
employ an orange screen to cut off some of the blue 
and violet light. The pro|jei .selection of Ihi.s screen 
is a matter of importance, as should it ab.sorb too 
much of these rays, those colours would ijhotograph 
too dark. 

Orthochrom T. {Photo.) A sensitising dye stated 
to give toxdiotographic jilates sensitiveness for green, 
yellow, orange, and red, and to confer a high rlegrec 
of sensitiveness generally. 

Orthoelase {Min.) Aluminium and potassium 
polysilicatc, K,p. Aip,. GSiO„. Silica =64% alu¬ 
mina = 18'4, potash = IG'95 per cent. Mono- 
symmetric, in thick prisms; often twinned in one 
of three ways, the twin planes being respectively 
parallel to the orthopinacoid, to a elinodomc, and 
to the basal plane, in the Carlsbad, Baveno, and 
Manebacli types of twinning. Colour : white, grey, 
red, and in the variety Amazonstonc, green. Bunst(juc 
and moonstone arc other varieties which are used by 
lapidaries, la Cornwall, Aberdeen, Bohemia, Norway, 
Switzerland, etc. 

OrthO'Componzids {Chem.) The prefix ortho is 
used in chemistry in two ways. First, to denote 
what may lie called a normal or ordinary compound, 
as distinguished from others which are not normal. 
Examples: OiIhophospburic acid was so called when 
other x»hosphoric acids were discovered, and had to 
be distinguished from it. Orthoborio acid is so called 
because it is the normal or common boric acid, and 
has to be di.stinguishcd from other boric acids. The 
prefix is also used in organic chemistry to distinguish 
derivatives of certain unknown acids which are 




related to the ordinary carboxylic adds in sudz 
wise that the latter are anhydrides of the fonner,. 
Examples: 



Orlhocarboniu Acid Ethyl Orthocubonate, Carbonic Acid, 
tunknonm). 


II -C< 


•OH 
OH 
'^OII 

Orthofomiic Acid 
(unknown). 


oc,n. 


H-C<^OCiH, 

^OCj^Is 
Ethyl Orthofoimate. 


OH 

^O 

Formic Acid. 


H-C 


Second, the prefix is used to denote two adjacent 
positions in the benzene ring {tee Benzene), and 
occasionally in other rings also. Example: 


CII 


HC C.COOII 
lie 'c.COOH 


OH 

which is phthalic acid, may be called benzene ortho- 
dicarboxylic acid. A ring consisting of four carbon 
and two nitrogen atoms is known as the diazine ring, 
and when the nitrogen atoms are adjacent we have 
the orthodiazinc ring. Ortho-compounds have cer¬ 
tain characteristic features; e.y. ortho-acids form 
anhydrides. See Phthalic Acii>. Orthodiamiues 
give many condensation reactions which meta- and 
paradiamines do not give. An ortho-substituent 
often hinders a reaction in which its fellow oitho- 
sub.stituent is concerned. Thus, in making the oth 1 
c-sters of the toluic acids, while 59 per cent, of 
meta-acid was made into ester, only iJG per cent. ,£ 
the ortho-acid was formed under exactly the ne 
conditions: 

COOH coon 

(’ C 

HC C.Cll, HC CH 


H(!'x/'0H 

CH 

Orthotulnic Acid, 


ITCC^C.CH, 

CH 


Metstoluic Acid. 


Orthodiagonal {Min.) The lateral axis of the 
monosymniftric system which is at riglit angles to 
tlio principal axis. 

Orthodome {Min.) A form of the monosym- 
metric system ; it is a prism whose axis is the 
ortliodiagonal ; the four faces are regarded in 
ojiposite pairs of two. 

Orthopinacoid {Min.) A form of the mono- 
symmetrio system whose faces arc parallel to both 
tile orthodiagonal and to the vertical axis. 


Ortol {Photo.) This developer is said to be a 
mixture of hydroquinnne with a suljihate of metbyl- 
orllio-arnido-phenol, CJjHjOHNIlCHy It is readily 
soluble in water, and produces a colourless solution. 
Ortol by itself has no developing power, but on the 
addition of sodium carbonate development takes 
jilace rapidly. 

Oryza {Botany). A genus of grasses, including 
the rice plant ( 0. tativa). 


Os {Chem,.) The symbol for OSHIVH (jX.B.) 

Osazones {Chem.) Dihydrazones in which hydra¬ 
zine residues are attached to adjacent carbon atoms. 
Only osazones derived from phenyl hydrazine. 
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CjHjNHNHg, are mentioned in this article; such 
oaazones are usoalljr termed phenjloaazoncs, but 
they will be called simply oaazones for brevity. 
The simplest osazone is derived from glyoxal or 
from the simplest possible sugar glycolose, which 
is the monohydric alcohol of glyoxal; 

HO : O . NHObHj H , C : N . NHC.H. 

I + =1 +2H,0 

HC:0 HjN.NEC,Hj H.C:N.NHO,H, 

Glyoxal. 


H.C<« 


OH 


H .A:0 

Glycolose. 


+ 3H,N . NHCjHj = 


H.C-.N.NHO.H 


H, 




C:N.NHC„H5 


2H„0 + NH, 


Olycolose OHBZoiie. 

C.H.NH,. 


Osazones are formed by substances of the general 
furmulic: 


R n R 


(1) f :0 

1 

(2) CO 

(3) CHOn 

1 

CO 

1 

cn.OTi 

I 

CHO 

1 

li 

where R may be hydrogen or a 

complex group. 


sugars containing aldehyde and ketone groups form 
osazones, ami their osazones serve to distinguish 
iKJtween them, r.y. dextrose and lactose, which 
resemble esmh otber closely in their tests, can 
easily be distinguished by making tbeir o.sazoncs 
and examining the latter under the microscope. 
They arc all prepared in a similar manner; e.g. to 
lUi’.k g'lucosazone, 1 i>art glucose in 20 parts 
watci .1 warmed for an hour and a half (for the 
b»!st ’ll on the water bath, with 2 parts phenyl- 
li’ dntzine hydrochloride and 3 piirts sodium ace¬ 
tate, when the osazone crysbdliscs out. It may be 
re<Tysta]lised from alcohol. 0.sazonos are yellow 
cry.stalline solids, insoluble in water, soluble in 
alcohol. The osazones of the sugars have only a 
delinitc melting point when raphlly heaterl. They 
possess reducing properties. The action of hydro¬ 
chloric acid on glucosazone is very important: it 
yields phenylbydraziue hydrochloride and glncosone: 

CHjOH ClI„OH 

(illOH), fCHOH), 

1 +211.0= 1 +2H„N.NUC,H5. 

CiN.NHC.H, ' CO 

1 I 

H.C:N.NHC6Hs IICO 

Qlucosone. 

The glucosone on reduction with zinc dust and dilute 
acetic acid yields Itevulose. Thus glucose (sf-r.) ciin 
be converted into Isevulosc. Other osazones of the 
sugars also yield osones in a similar way. 

Oacillaiting CyUnder {Eng.') A cylinder swii^ng 
on pivots, termed Tbitskionb, and having its piston 
rod connected directly to the crank pin, without any 
connecting rod. 

OaoillatiOD. A general term for a “to and fro’’ 
movement, however produced. 

-, Centre of. See Tendulums. 

OsclUationS) Eieetrloal {Elect.) Ere 0sciLiLA.TOBy 

DlBOHABCtB. 

Oeelllatory Disehatge (Elect.) It the plates of 
a charged condenser be connected by a conductor 
(whose resistance does not exceed a certain value) 
a series of very rapid alternations of charge are set 


qp, the plates of the condenser becoming in taro 
positively and negatively charged. An alternating' 
current of very high frequency thus flows in the 
conductor; but it rapidly dies away as the original 
energy of the charged condenser is dissipated in the 
form of heat. If C be the cajmeity of the condenser, 

L the self induction, and K the resistance of the 
circuit by which the plates are connected, there 

will be no oscillations if E* be greater than If 

u 

the resistance be small, the period of the oscillations 
is approximately T=2 tr-s/LV. 

Oscillograiih (Elect.) An instrument for showing 
the changes in a rapidly varying cuiTcnt or E.M.F., 
e.g. for indicating the wave form of an alternating 
current. It is in principle a galvanometer whose 
natural period of vibration is very small compared 
with the period of the alternating current. 

Otirid Pier (Architect.) A form of pier used in 
Egyptian architecture, e g. at Luxor, having a 
colossal figure of Osiris carved on its front face. 

Osier’s Anemometer (Meteorol.) An instrument 
invented by Osier for determining the pressure of 
wind. By means of clockwork a record of this 
pressure is obtained for every instant of time. 

Osmiridiiim (C'/iem.) See Ibioium. 

Osminm and itsC!omponnds(6ftm.) Os. Atomic* 
weight, li)l. A bluish white metal; infusible in 
anything except the electric arc; sp. gr. 22*6, that 
is to say, the heaviest metal known; oxidises to 
the volatile tetroxide when heated in air; insoluble 
in aqua regia after it has been strongly heated, not 
othenvi.se; heated in chlorine, it forms, according; to 
the amount of chlorine, OsCl^ OsCl,, OsCl,. Osmium 
can be crystallised from its solution in tin. The 
metal occurs along with platinum, and remains behind 
as OstriBiDii^H (see Ibidium) when the ore is treated 
with aqua regia. It is obtained by converting the 
osmium in the alloy into the tetroxide, which is 
volatile (see Iridium) ; the tetroxide is dissolved 
in caustic iwtadi, and the solution reduced with 
alcohol to potassium osmate, K^OsO^, which is dis¬ 
solved in water and precipitated with ammonium 
chloride. The precipitate heated in hydrogen yields 
the metal. Several oxides are known (OsO,; Os^O,: 
OsOj: OsO^). Only the tetroxide OsO^ is important; 
it is often called osmic acid. It is formed by heat¬ 
ing the metal in air, when the oxide sublimes in 
shining needles. It is soluble in water, alcohol, 
ether. Smells like chlorine, readily volatile, distils 
in steam. The vapour attacks the eyes and mucous 
membrane in a dangerous way. Its aqueous solu¬ 
tion is reduced by many metals. Sulphur dioxide 
forms a blue solution. It has feeble acid properties, 
but does not redden litmus. Used as a stain in 
microscopy. Forms compounds of unknown nature 
with the albumins. Osmium forms complex cyanogen 
and ammonium compounds. 

OsmOBit (Phys., Chem.) If two liquids be separated 
by a porous partition, there will be in general a 
tendency for the liquids to traverse the partition— 
e.g. let a solution of copper sulphate in water be 
separated from pure water by a partition consisting 
of a sheet of parchment; the water will pass through 
in one direction, and the dissolved substance in the 
other. This process is termed OsMOSiS. 

Osmotic Pressure (Phys., C%im.) Let a solntitm 
and a solvent be separated by a semi-permeable 
partition, which permits the passage of solvent^ 

81 
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but not of tbe dissolved snbstanoe. The solvent will 
pass through until it exerts equal pressure on both 
sides of the partition; the total pressure exerted bj 
the solution will then exceed that exerted by the 
solvent by an amount equal to that exerted by 
the dissolved substance alone. This amount is 
termed tbe Osmotic Pobbsube of the dissolved 
substance. In the case of a dilute solution (if it is 
not an electrolyte) the osmotic pressure obeys laws 
very closely resembling the fundamental laws of 
gases: (1) it is proportional to the concentration; 
(2) its variation with temperature is the same for all 
substances, the pressure probably being proportiomU 
to tbe absolute temperature; (3) solutions containing 
the same number of dissolved molecules per unit 
volume exert the same pressure. See aho SonUTiOKB. 

Osones iChem .) Si‘e Osazonbs. 

Ossia (Mu»ic). Or this instead. An alternative 
passage of music. 

Ossiolei, Auditory iZooL) A series of small bones 
(the malleus, incus, and stapes) in the tympanic 
chamber of the ear. They serve to convey the 
vibrations from the tympanic membrane (“ drum ”) 
to the internal ear. 

Ostensoir, Ostensory. A mon.strancc (^.r.) for 
displaying the Host to the congregation. 

Ostinato (Mime). A ground bass, i.e. a buss 
which rei;)eats over and over again in a composition. 
A fine example may be found in J. S. Kach’s I’assa- 
coglia in C minor for the organ. 

Ostrich {Zbol.) A family {Struthionidte) of the 
subclass Jlatitm, or flightless birds. Tbe common 
African ostrich {Struthio camelvs) differs slightly in 
colour from tbe Romali type (5. moli/bdop/ianes). 
The plumage forms a valuable article of trade. 

Ottava (Music). An octave; e.g. ottava bassa or 
bassa, an octave lower. 

Ottoman or Royal Cord (Silk Manvfac.) A plain 
corded silk, woven as Gros, witli three or more picks 
in the same shed, but having an additional binder 
warp, tlie threads of which intersect each pick, 
keeping them apart and giving the cord an extended 
flat appearance. 

Ottoman Rib (Textile Manvfac.) Also termed 
SoLBlL. A ribbed fabric in which lines or bars 
traverse the cloth, but on which the rep is formed 
entirely in the warp. 

Ounce. See Weights ai<d Measubes. 

Out {Typog.) Wbena compositor has omitted any 
words, a line or sentence, each omission is called an 
“ out,” 

Outcrop ( Geol.) The outer edge of strata where 
these come either directly to the surface or end off 
against some newer formation. The form of the 
outcrop varies on the one hand with the dip or inclin- 
atiem of the strata, and on the other with the shape 
of tbe surface which intersects those strata. 

Outer Forme (Typog.) The forme that contains 
the first page of a sheet. 

Outer String (^Carp. and Join.) In a staircase 
the string (q.r.) farthest from the wall, i.e. tbe string 
over which the handrail is fixed. 

Outer Tympon (Typng.) A frame used on hand 
presses. It is covered with parchment, and ftach 
sheet of paper to be printed is placed upon it. See 
TniPAKB, 


Outfall Sewera (Civil Eng.) The large main 
channel conveying sewage (after it leaves tbe area 
of collection) to the place where it is to be dis¬ 
posed of. 

Outgo (Plumb., ete.) The outlet of a trap. 

Outlier ( Geol.) A portion of a stratum which has 
been isolated from tbe main mass by the removal of 
.some of the rock around, so that the outlying mass 
is surrounded on all sides by strata of older date. 
Of. INLIEB. 

Outline (Art, etc.) (1) The contour of a figure, 
or the line or lines by which it is bounded in tbe 
plane of vision. (2) A drawing which represents an 
object merely by lines, not a finished view. 

Out of Gear (Eng., ete.) (1) Gear or spur wheels 
are out of gear when their teeth do not engage with 
each other. (2) A general expression for “out of 
order." 

Out of Register (Print.) (1) When pages on one 
side of a sliect do nut fall exactly within the area of 
those printed on the other side, or wdien line does 
not fall upon line, or (2) when a work or design is 
produced in more than one colour and the separate 
printings do not fall into their proper positions, tlie 
work is said to be “ out of register." 

Output. (1) The energy developed In a given 
time by any prime mover or source of energy. 
(2) The amount of work produced by a workman, 
machine, factory, etc. 

Outside Callipers (Eng., etc.) Callipers (g.v.) with 
the jjoints curved inward, so as to enable the 
e.xtcmal diameter of an obioct to bo measured by 
them. 

Outside Crank (Eng.) A crank consisting of, or 
equivalent to, a single lever arm placed at the end of 
the crunk shaft. 

Outside Cylinders (Eng.) Cjdinders of a loco¬ 
motive placed outside the main frame. 

Outside Gouge (Carp,, etc.) A gouge with the 
bevel on the outer or convex surface; the ordinary 
form of carpenter’s gouge. 

Outside Lap (Eng.) See Slide Valve. 

Outside Lining (Carp, and Join.) The linings of 
a cased frame nearest tlie reveals. 

Outside Reams (Print.) Reams of machine or 
liand made paiM;r containing two quires of imperfect 
sheets, one quire placed at the top and one at the 
bottom. The price of “ outside" reams is usually 
20 per cent, lower than that of “ good.” 

Out to Out (Bvild., etc.) In measurements this 
term means that the dimensions arc taken over all. 

OuTarovite (Mia.) A calcium chromium garnet 
of approximate composition, 8i02=35, A1^0,= 6, 
Cr 30 ,= 22 , Ca0=30 percent. Cubic, in dodecahedral 
crystals of emerald green colour. From the Ural 
Mountains. 

OvaL A closed curve of an egg shape, not to be 
confu.sed with the ellipse. An oval is symmetrical 
only about its longer axis. 

Oven Coke (Met.) Coke specially prepared by 
heating in closed chambers, and retaining a much 
larger amount of carbon than ordinary gas coke. 

Oyer AH or 8nr (le) Tout (Her.) A bearing that 
surmounts or is placed over others in tbe field is said 
to be over alL ’ 
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Overblowing (ilfune). A tern used when too 
much wind is forced through a pipe, causing it to 
souud one of the harmonics instead of its fnnda* 
mental tone. 

Overcasting (Mnd.) See Ovbbsbwino. 

Overeoil iWate?ief). The outer coil of a Breguet 
balance spring. See BBEaoET SFBiKa. 

Over-Gompoanded Dynamo (^EUet. Eng.) A 
dynamo whose windings are so arranged that the 
voltage at the terminals increases as the load is 
increased. 

Overcrowding (JSygime). Under the Factories 
and Workshops Act overcrowding in workrooms is 
deemed to exist when the cubic space for each adult 
is less than 250 cubic ft., and during overtime less 
than 400 cubic ft. The minimum stantlard laid down 
by the Local Government Board Model Byelaws 
is 400 cubic ft. per adult (two children under ton 
to count as one adult) for rooms in which persons 
both live and sleep, and 300 cubic ft. for rooms used 
solely for living. See also Floou Bpacis. 

Over-ExpoBure ( Photo.) An over exposed image 
appears very quickly during development; but the 
contrasts between light and shade are not sufficiently 
marked. Tliis fault may bo lessened by using a 
developer with a small amount of alkali, or by sub¬ 
mitting the finished negative to Intensification 
iq.v.) 

Overflow (Plumb.) An outlet pipe fixed to a 
cistern near the top to prevent the water overflowing. 

Overhand StoplBg* See Mining. 

Overhanging Bliaft (Eng.) A shaft whose end 
projects some distance beyond thf! bearing; a pulley 
on this end is termed an Overhanging Pulley. 

Overhauling (Eng.) (1) Tlie reversal of the 
motion of a crane, crab, or other lifting gear, 
wheriiby the load descends by it.s ow'n weigiit. (2) 
A general term for the examination of a machine, 
etc., with a view to repairs. 

Overhead Crane oe Traveller (Eng.) A crab or 
crane running on rails mounted on stamlards or 
girders so as to travel ulong a simp above the level 
of the macliinery, in order to lift heavy pieces of 
work. 

Overhead Gear (Mining). The Head Geab^ or 
structure over a shaft which supports the hauling 
tackle. 

Overhead Rallwa^t (CieU Eng.) Railways 
carried on arches, iron or steel viaducts, etc. 
Examples are the New York, Berlin, and Liverpool 
Elevated Railways. The fiist two run along streets, 
carried on an iron viaduct supported by iron columns; 
the latter extends for 6 miles behind the docks. 

Overhead Trolley (Elect. Eeg.) See Elhctbic 
Teautton. 

Overhead Wlree, eto. (Elect. Eng.) Any system 
of conducting wires, either bare or insulated, sup¬ 
ported at intervals by poles or arms. Xho wire is of 
course insulated from the pole at the point of contact; 
the common system of telegraph wires is a good 
example of bare overhead wiring. 

Overlap (Eng., etc.) The amount by which two 
plates cross each other at a riveted joint, eto. 

- (Oml.) A stratum is said to overlap another 

in cases where the lower one is locally absent. 
The use of the term is now usually confined to 


instances in which the two strata referred to belong 
to the same geological formation. Overlap implies 
deposition against a sloping surface. 

Overlay (Print.) Used in connection with the 
printing of illustrations. Proofs are pulled on three 
or more pieces of paper of varying substance, and 
parts are “peeled” or out away from each. Then 
all are lightly pasted together and placed in position 
over the block to be printed, so that the greater 
thickness is brought to bear upon the darker portions 
of the picture, the medium upon the intermediate, 
and the thinnest upon the background or Ughter 
details. 

Overpick (Weaving). The system of picking in 
which the picking arm is over the going part or 
shuttle boxes. Both light and heavy built looms are 
mounted with this kind of picking motion. 

Overpoled Copper (Met.) See Copteb. 

Overran (Tgpog-) If in a printer's proof any 
matter is marked to be taken out or inserted, words or 
lines are transferred from one line or page to another to 
preserve uniform length. This is termed overunning. 

Oversailing (EuUd.) Overhanging. See also 
Corbelling. 

Oversewing or Overcasting (Bind.) The method 
of sewing adopted when isingle leaves, e.g. plates, 
arc to be attached to the sections or folded sheets at 
the end of a book, or when a book consisto entirely 
of single leaves. In the latter case a certain number 
of leaves, four, six, or eight, are connected together 
by ovei'sewing, so as to form sections for further 
treatment, the thread being fastened at the head and 
tail of each section. 

Overshot Wheel (Eng., eta.) A water wheel 
which is driven by water entering the buckets at the 
top of the wheel. 

Overstep (Geol.) A stratum is said to overlap 
another older one in those cases in which the rela¬ 
tion between the two 
is that of .an uncon- 
formability (^.r.) The 
older strata have, in this 
case, undergone prior 
disturbance and denu- Ovekstgp. 

dation, and the newer 

have been deposited after the movements which 
caused the disturbance had ceased. Overlap and 
overstep may coexist in the same section, as is the 
case in the figure. 

Overtone (Sound, Mtisic). A sound of higher 
pitch proiluced by a vibrating body along with its 
fnndaincntul tone. Overtoues accompany almost 
every tone which it is possible to produce, and can 
be detected in very many cases. See also Hab- 
MONICS. 

Overtones (Music). Harmonics (y.v.) 

Ovolo (Architect.) A convex moulding. The 
Roman ovolo is a quarter circle, but the ovolo used 
by the Greeks is a flatter and more graceful curve. 
The ovolo is also used, but not extensively, in 
Decorated Gothic work. Sec CVMA, Echinus, u>nd 
COLUMN. 

Ovule (Botany). The egg shaped body developed 
within the tjvary of a flower, and which after 
fertilisation becomes the seed. 

Ovum (Zool.) An Egg Cell, the structure from 
which an animal is developed after fertilisation or 
union with a male cell or spermatosoon. 
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0* Bos tauTvs (family, Bovidts). Apart 

from the use of the flesh as food, the horos are made 
into various articles (combs, knife handles, etc.); the 
cartilages and skin cuttings yield glue; the hide, 
leather ; and that of the calf, vellum. 


Oxalates ( Chem .) Gee Oxalic Acid. 


COOH 

Oxalie Acid {Chem.) ) 

COOH. White crystalline 

(monoclinic prisms) solid; crrstallises with 2HjO; 
loses its water of crystallisation at 100°; poisonous. 
On heating, it sublimes in part, and part decomposes 
to carbon dioxide and formic acid, the latter also 
partly decomposiDg to carbon monoxide and water. 
Heated with glycerine, it gives formic acid (g'.r.) 
at 110°, and at a high temperature allyl alcohol. 
Beadily soluble in water and in alcohol; less soluble 
in ether. Its dilate aqueous solution decomposes on 
keeping in presence of light. Heated with strong 
sulphuric acid it gives carbon monoxide and carbon 
dioxide, the sulphuric acid removing s molecular 
proportion of water; phosphorus pentachloridc reacts 
In a similar way: 

COOH 

I + PCI. = FOCI, + 2HC1 + CO + CO^ 

coon ' 

Oxidising agents, such as acidified potassium per- 
mangauate, readily oxidise it to carbon dioxide and 
water. 

coon 

1 + O = 2COj + H.O. 

COOH 

Sodium amalgam yields glyoxylic acid with a strong 
aqueous solution of oxalic acid ; 

COOH CHO 

I + 2H = i + n.p. 

COOH coon 

It is a dibasic acid. Oxalic acid occurs chiefly in the 
form of its calcium and acid potassium salts; the 
former is very widely distributed in plants, and is 
present in nrine, and foms also a urinary calculus; 
the latter also occurs in many {dants, c.g. sorrel 
(hence it is called salt of sorrel) and rhubarb. The 
acid may be obtained synthetically by passing carbon 
dioxide over finely divided sodium (slaking melted 
sodium with sand) at 300°: 

COONa 

2CO., + 2Na = 1 

COOXa. 


To obtain the acid from the sodium oxalate, precipi¬ 
tate its solution with calcium chloride and decompose 
the calcium oxalate with dilute sulphuric acid; 
decant and crystallise. When an aqueous solution 
of cyanc^n is allowed to stand, ammonium oxalate 
is fonn^ besides other products, showing that 
cyanogen may be regarded as the nitrile of oxalic 
acid: 

CN COONH, 


j + 4 H 2 O 
CN 


COONH,, 


The pure acid is best obtained by heating cane sugM 
with six times its weight of concentrated nitric acid 
till reaction sets in, allowing it to psoceed alone, 
concentrating, and leaving to crystallise. On the 
large scale it is obtained by heating tlie sawdust 
of a light wood with caustic pota.sh and water. 


extracting with water, precipitating the Eolation with 
milk of lime, and decomposing the calcium oxalate 
with dilate sulphuric aoid. The clear liquid is then 
crystallised. The following oxalates are important; 
Ammonium Oxalatb, obtained by neu¬ 

tralising oxalic acid with ammonia; used as a test 
for calcium. On beating it, some oxamide is formed : 

COONH« CONH, 

I s I + 2HoO. 

COONH, CONH, 

Heated with phosphorus pentoxide it yields cyanogen. 
Calcium Oxalate, CaC„0„ has been mentioned 
above; it is nearly insoluble in water and in acetic 
acid; soluble in hj<irochloric acid; on heating it gives 
calcium carbonate and carbon dioxide. Fbbbous 
Oxalate, FoCjO^, obtained as a yellow powder on 
adding a solution of oxalic acid to one of ferrous 
sulphate; on heating it leaves behind finely dividea 
ferric oxide; its double salt with potassium oxalate, 
K,Fe(Cj0,\H,0, is a powerful reducing agent, and is 
used in photography. For Ethyl Oxalate, see 
Ethyl Oxalate, Ethylamineb, Ketipic Ethyl 
Esteb. 


Oxidation (Ckem.) Oxidation is a name given to 
any one of three operations, riz. 

(1) Addition of oxygen to a substance. 

(2) Removal of hydrogen from a substance. 

(3) The change of an -ous salt into an -ic salt. 

(1) Exam[)lcs of tliis process are the combustion 
of hydrogen in oxygen, the conver-rion of benzaldc- 
hyde on exposure to air or oxygen into benzoic aci<l, 
the oxidation of oxalic acid to carbon dioxide and 
water by an acidified solution of potassium perman¬ 
ganate. Those oxidations which are brought about 
by free oxygen, and whUh run spontaneously, are 
sometimes called autuxidations. The process of 
addition of oxvgen to a substance to form another 
containing more oxygen is usually not a simple one; 
there are intermediate reactions. Thus, when hydro¬ 
gen bums in air or oxygen, a part, at all events, of 
the water produced arises from the formation and 
subsequent decomposition of hydrogen jicroxide : 

n, = ;r + H 

II-o 

n + n + 0., = 1 = H,o + o 

H-O 


This is shown by the fact tliat hydrogen peroxide is 
always produced in fair quantity when a jet of burn¬ 
ing hydrogen is made to play on a piece of ice. 

When benzaldehyde is exposed to air, a peroxide is 
first farmed by addition of a molecule of oxygen, and 
this peroxide oxiduses a second molecule of bcnzalde- 
hydo to benzoic acid, and is itself reduced to the 
same. 


/H /0-0~H 

+0,=C,H,C<^^ 

BcnzojrllijrdropoiDZide. 

O-OH /H /OH 

+ CAC^ -20,0,c</ 

^0 ^o 


C,H,C 0 


When a substance is present which the benzoyl- 
hydroperoxide can oxidise more readily than it can 
benzaldehyde, then this substance is oxidised. For 
example, indigo; then the indigo is oxidised by one 
of the added oxygon atoms, and the other remains to 
form benzoic aci^ 

The two cases, hydrogen and benzaldehyde, are 
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typical of a vciy largo numboi of quite similar 
reactions which are known. 

(2) An example of this is the oxidation of alcohol 
to aldehyde. Here also previous addition of oxygen 
may be assumed to occur with formation of an 
unstable compound which breaks down into water 
and aldehyde: 




CC—OH 
\OH 


CH, 




H 


+ H,0 


\o 


(3) This kind of change corresponds to the con¬ 
version of the salt of a lower oxide into one of a 
higher oxide, hence it is called an oxidation. The 
process is, however, electrolytic in character; it 
consists in adding to the kation a po.sitive charge 
equal to that carried by a hydrogen ion or a multiple 
thereof. For example, when oxj’gen is passed 
through a solution of ferrous sulphate acidified with 
sulphuric acid, the hydrogen ions give up their 
charges to iron ions, and form water with the 
oxygen; 

+ 

+ + 

+ = + = + <= 


2Fe 4 280, + 2H + SO, + 0=2Fe + 380, + H,0. 

The process of oxidation is effected by reagents or 
mixtures of reagents, which are called oxidising 
agents. Examples of oxidising agents are; Oxygen, 
chlorine in presence of water, nitric a<'id, hypo- 
chlorous and hypobromous acids and their salts, 
potassium permanganate alone or in presence of 
sulphuric acid or caustic potash, chromic acid or 
potassium dichromate acidifiud with sulphuric acid, 
ferric chloride, nitrobenzene, and many others. All 
these reagents act by providing oxygen, ex«*pt ferric 
chlorwio, which gives up chlorine, and the latter 
removes hydrogen from the compound it oxidises, e.g. 

2FeCl, + H,S -= 2FeCl, + 2HC1 + S. 

Examples of the action of oxygen are given above. 
Chlorine oxidises in virtue of its action on water, 
liberating oxygen: 

n^O, + CTj + H.,0 - HgSO, + 2HC1. 

&ie Niteio Acid, Manganese Compounds, Potas¬ 
sium Compounds, Hypoohlobous Acid, Ijluth’s 
Violet, Methylene Blue, Anthbaquinonb, 
Quinoline. Chvomyl dichloridc (see Chuomium 
Compounds) is a valuable oxirlising agent in organic 
chemistry. 


Oxide of Zino (Dec.) A valuable white pigment. 
It is usually manufactured by extracting the metal 
from zinc ore and burning this metallic zinc in a 
special furnace. The zinc being heated to a tem¬ 
perature slightly above that of its melting point, it 
takes fire and burns, giving off dense fumes, which 
are conducted by means of bags of mnslin or other 
material. These bags are from 30 to 90 ft. long, 
and in them the fumes at once fonn what are known 
as “flowers of zinc." Those collect in the bags 
attached to the main cliamber, which arc regularly 
emptied at frequent intervals. Under ordinary con¬ 
ditions six charges may be taken out in one day. 
The oxide of zinc is then passed through sieves with 
a very fine mesh, and is ready for use. ZiNO White 
is extensively used in the manufacture of paints, 
about 85 per cent, of the total quantity produced 
being used for this purpose. The remainder is used 


in various industries, including the manufactnie of 
floorcloths, wallpaper, rubber, and for glazing 
earthenware, etc. The use of late has increased verj 
rapidly owing to the attention of the public having 
been drawn to the poisonous effects of using white 
lead. Oxide of zinc possesses the advantage of being 
much whiter and finer than lead. The whiteness is 
of importance not only when the work is to be 
finish^ in white, but also when the pigment is to 
form the base of a coloured paint, as freedom from 
any yellowish cast retains the purity of tint of the 
added colours. The durability is claimed to be 
greatly superior to white lead paints, owing prin¬ 
cipally to the fact that it is nuinfiaenced % snl- 
phuretted hydrogen and other gase.s, which are found 
in the air of ail large towns, as well as in the vicinity 
of stables, lavaturie.«, etc., and which have a disas¬ 
trous effect upon white lead, changing its chemical 
nature entirely, and causing it to discolour or turn 
black. Among painters zinc white is not yet so 
popular as it should be, probably owing to the fact 
tliat it requires to bo mixetl differently from wliite 
lead. When purchased ground in oil in the ordinary 
way, it shr>ald be mixed with refined boiled oil only, 
and only sufficient turpentine to render it of suit¬ 
able consistency for application to the work by 
means of a bfush. 

Oxides (Clu m.) Compounds of two elements, one 
of which is oxygen, are called oxides. I’ho w'ord 
oxide is also used in organic chemistry to denote 
compounds formed by the union of alcohol and acid 
radicals with oxygen. Thus ether is sometimes called 
diethyloxide, C.Hj—0 —CgITj. For convenience the 
oxides may be divided into several classe.s, rir. Basic 
Oxides, Pekoyides, and Acid Oxides; but the 
division is not a sharp one, for an oxide may belong 
to more than one class, e.g. aluminium oxide is both 
u basic oxide and an acid oxide. Basic oxides are 
usually the lower oxides of metals, form salts and 
water with an acid, and unite directly wi(.h acid 
oxides to form salt.s, and some unite witli water 
to form alkaline hrdroxides (alkalis). Example: 
BaO + 2HC1 = BaCI, + H^O; B.aO -i- 80^ = BaSO,: 
BaO + ITjO = Ba(OH)y Basic oxides are made by 
heating the metal in air or by heating its carbonate, 
hydroxide, or nitrate, whicliever may be most con¬ 
venient or economical. Peroxides contain more 
oxygen than basic oxides, and give oxygen on being 
heated. They give chlorine when heated with 
hydrochloric acid, oxygen when heated with sul¬ 
phuric acid. Some peroxides give hydrogen xieroxide 
with dilute acids in the cold, e.g. BaO, and Ka,0.^. 
Peroxides can be obtained by heating basic oxides 
carefully in oxygen, or by beating them with an 
oxidising agent such as potassium chlorate. Acid 
oxides are non-metallic oxides, or the highest oxides 
of metals. They unite with water to form acids and 
with basic oxides to form salts, e.g. SO, H.,0 = 
H,SO, and BO, + PbO - PbSO,. Ooneral methods 
of formaiion cannot be given. Sesquioxides are so 
called because the ratio of the oxvgen atoms to 
the atoms of the other elements is 1^:1, and 
not because of any reaction common to them as 
a class. They haie the general formula 11,0,. 
Examples ; B.,0,; Fc,0,: A1,0,: Cr,0,. See also 
Oxygen Oxidation. 

Oxidising Agents ( Chem .) See Oxidation. 

Oximes ( Chem .) Compounds containing the gronp 
>C NOH. There are two classes of oximes, one 
ch»s derived from aldehydes, and the other from 
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ketones; the former class is diatingaished by the 
name Aldoximes, and the latter by the 'name 
Ketoximes. 

CH, CH, 

I + H„N. OH -I I + H,0 

HO * O HC * NOH 

Acetaldehyde. Aoetaldoxiiue. 

+ n,NOH = 

Acetone, Acetoxime, 

a Ketoxime. 

Oximes are nsnally obtained by acting on the 
aldehyde or ketone with hydroxylamino hydrochloride 
in presence of caustic sotla. When that csirbon atom 
in an oxime which is doubly linked to nitrogen is 
united to two different groups, one of which may be 
hydrogen, stereoisomerism may arise. The isomers 
in the case of a monoxlme may be represented thus ; 



In what follows this will be reoresented for short as: 
1. X-C-Y U. X-C-Y 



the nitrile separating as an oil, while the acetate of 
the anti form dissolvea 
c,nj-c-n 




N-OH NO.CK 

C,Hj-C 

• + CH-COOH. 
14 


NO.OO.CH, 


ca-c-h 


CH,.CO.ON 


“>No decomposition. 


As acetates cannot be isolated in the case of the 
fatty aldoximes, it must be concluded that they 
usually exist in the syn form, producing an acetate 
first which is so unstable tliat it instantly decom¬ 
poses into nitrile and acetic acid. The ketoximes 
undergo the Beckmann rearrangement. Example : 

CA-C-CA CA-C-OH 


NH . 

Benzuiilids. 


N-OH N-CA NH.CA 

Benzopltenune Oxime. Benzenilide. 

This reaction can be used to distinguish between the 
syn and anti ketoximes. It is brought about by the 
action of strong acids, acid chlorides (which also 
yield some acid ester), glacial acetic acid, acetic 
anhydride, and hydrogen chloride; best of all by dry 
ether and phosphorus pentachloride. Example of 
its use in determining configuration is: 

CA-C-CAOCH, CA-t^'-OH 


CA-C-OII 


N-OH 

Parametboxybenzophenone (MP US'’}. 


N-OH HO - N 

For example, acetaldoxime should exist in two 
forms: 

II. C'H,-C-H 

II 

N - OH HO - N 

Synooetaldoxlme. Antiacetaldoxime. 

Form I. is called the Syn form, and Form II. is called 
the Anti form. Both forms are known in many cases 
both of Aldoximes and Ketoximes. Acetaldoxime is 
known as a solid which melts at 47° and is trans¬ 
formed by heating it to 1 ( 10 ° into the other form, 
which melts at 12°. The latter form is unstable, 
and passes on keeping into the higher melting variety. 
Benzaldoxime, when formed by the method given 
above, exists in the anti ftirm {tee below) ; but the 
syn form can be obtained from it by dissolving in 
benzene, passing in dry hydrogen chloride, and 
decomposing the hydrochloride so formed by sodium 
carbonate. The anti and syn forms of benzaldoxime 
melt respectively at 49° and 81°. The syn is the 
stable form for fatty aldoximes, and tlie anti for 
aromatic aldoximes. On looking at the fonnulm for 
the .syn and anti acetaldoximes given above, it will 
be seen that the syn form of any alduxime should 
more readily lose the elements of water than the 
anti form. Accordingly, where the two forms are 
known, that one which loses water more readily is 
regarded as the syn form. Example : When the two 
forms of benzaldoxime are cautiously dissolved in 
acetic anhydride, they form acetates. The acetate 
of the syn form easily decomposes into benzonitiilc 
and acetic acid on treating with sodinm carbonate, 


Nnc,H,ocn,. 

Benzoic Acid Aniuido. 

CA-c-CAOt:ii, HO-c-cAOcn, 

ii II 

HON CA-N 

Panuuetbozybenzopheauue (MP 187'’). 

OC-C,II,OCfl, 

OaHjHN 

Anuic Acid Aniiide. 

For further information see Werner’s “ Stereo- 
chemie." Oximes are resolved by aqueous acids iulo 
their components : 

(CH,),0: NOH + H,0=(CH,),C0 + H,N0I1. 

Keductiop by hydrogen (sodium amalgam and glacial 
acetic acid) converts them into amines : 

(CH^„0: NOH + 411 = (CIl^^CHN 11^ + HjO. 

The following is an important application of an 
oxime in the chemistry of the sugars ; Glucose 
yields an oxime by direct reaction with a pure solu¬ 
tion of liydroxylamiiie. On treating this oxime with 
acetic anhydride and sodium acetate, the penta 
acetate of the nitrile of d-gluconic aciid is obtained. 
This nitrile loses its cyanogen group on treatment 
with ammoniacal silver oxide. The product on 
hydrolysis with hydrochloric acid gives d-arabinose— 
a pentose: 

CIIjOH(CHOHXCH: NOH 

d.Qlnoos« Oxime. 

CU,00CCH,(CH00C0H^,CN 

CH,OH(CHOn),CHO, 

d-.^abino8e. 

The formation of oximes is important in character¬ 
ising aldehydes and ketones. 
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Oxindole {Cliem.') < 

'CH 


yen, 

*\nh 


>co. 


Taato* 


meric form, CgH, .,COH. The lactam of 

N y 

orthoaminophcnylac^tic acid. Crystallises in needles; 
melts at 120°; soluble in water; oxidises in moist 

^CHOH \ 

air to dioxindole, C.H.x. NCO; reduces 


ammoniacal silver; heated with baryta water at 160°, it 
gives the barium salt of orthoaminophenylacctic acid: 


nitrous acid gives an isatine oxime, C^H^, 


C;NOn 
' NCO; 
nh/ 


it easily forms a potassium salt, which with ethyl- 
iodide and subsequent hydrolysis yields ethylortho- 
arainophenylacetic acid, showing that in the 
potassium salt the metal is united to nitrogen. 
Oxindole is obtained by reduction of orthonitro- 
phenylacetic acid by tin and hydrochloric acid. 


Oxonium Compounds {Chem,') In certain of its 
(yimpouiids oxygen appears to have marked basic 
properties; in such compounds the oxygen is divalent, 
but il, can unite with acids and form salts in which 
the oxygen behaves as a tctravalent element. These 
silts of tctravalent oxygen arc called oxonium com¬ 
pounds, from analogy with ammoniutn compounds : 


l >0 ”• 



Oxonium Compound. 

R ... HI. 

^ N 

It;/ 

R V V, .11 

Ammonium Com pound. 

Examples: Dimethyl pyrone forms salts with many 
acids, and lichaves like a base comparable in strength 
to a weak base like area: 

CH, 

CIT, 

ycn = c^ II. 

eo: >0 

\ cii = c / 

/ on = 0 \ IV. • n 

CO< > 0 

^ CTI - 0 Cl 

Clt, 

OH, 

Dimethyl Pyrotio. 

Dimetbylpyrone nydrot 


The discovery of the qnadrivalencc of oxygen in 
salts of dimethyl pyrone (Collie and Tickle) has led 
to the recognition of the quadrivalenoc of oxygen in 
a large nnmber of organic compounds. Thus an 
aqueons solution of ethylene oxide precipitates many 
metals as hydroxides from solutions of their salte, 
and this is best explained by a8.snming a compound 
of ethylene oxide and water to ho formed in which 
oxygen i.s tetravaJent: 

CH, CHj-. 

I 'j >o<r 

Etbyleoe Oxide. Ethylene Oxide Hydrate. 

Ether, acetone, and many alcohols have the pro¬ 
perty of uniting with acids to form compounds in 
which the oxygen of the substances mentioned is 
tctravalent. It is remarkable that complex acids, 
such as hydroferrocyanic. hydroferricyanio, phos- 
photungstic, and others seem e.specially prone to 
form oxonium salts. The oxonium salts of certain 


colourless or feebly coloured substances are strongly 
coloured compounds, and to this phenomenon the 
name halonhromie has been given. Examples ate: 
(1) Dibenzalacetone: 


C,H,CH 

C,H»CII 


CH 

CH 


>CO 


a pale yellow solid whose hydrochloride is intensely 
yellow and hydriodide nearly black. (2) Triphenyl- 
carbinol ; 

C.Hs. 

C'HsJ^C.OH 
CgHs / 

a colourless crystalline solid which dissolves in 
concentrated sulphuric acid with an intense yellow 
colour. 


Oxybaphon (^Arehmol.) A large bell shaped vessel 
like the Crater, used by the Greeks and Bomans fox 
holding wine. 

Oxychlorides (Chem.') See Chlobides. 

Oxy-Compounds These are better called 

hydroxy-compounds. See HroEOXT. 

Oxy-Ether Light A substitute for the oxyhy- 
drogen light where coal gas and hydrogen are not 
available. A stream of oxygen is blown through a 
tank of ether, and the mixture burnt along with an 
arlditional supply of oxygen at the jet. See OzT- 

HVDBOGEN FlAMB. 


Oxy-Gaslight. Coal gas may be used with oxygen 
under pressure insteatl of hydrogen. The blow- 
through jet is used in this case. See Ozzhtdboqiqh 
FL.4Ma. 

Oxygen (O, Atomic weight, 16. A faintly 
blue, odourless gas; it is magnetic; boils at — 182°, 
the liquid is distinctly blue; 1 litre at 0° and 
760 mm. weighs 1'43 grs.; 100 cc. water at 0° dissolve 
4‘S) cc. oxygen at 0° and 760 mm. Oxygen occurs 
free in the air to the extent of very nearly 21 per 
cent, by volume or 23 per cent, by weight, when 
determined after the air has been freed from water 
vaixiur and (»irbon dioxide. As oxygen is di.ssolved 
by water it also occurs free in all natural waters. 
This free oxygen is neces.sary for the respiration of 
all plants and animals. Oxygen occurs combined in 
water (J by weight) and in silica, carbon dioxide, all 
tissues of plants and animals. It has been calculated 
th.it the weight of the atmospheric oxygen on every 
.square centimetre of the earth's surface is about 234 
grams, while tlic same amount of oxygen is contained 
in a layer of water 260 cm. deep and 1 square centi¬ 
metre area, while the oxygen in the earth's solid crust 
is about 10,000 times that in the air. Oxygen may be 
obtained by heating many oxides, e.g. those of mer¬ 
cury, silver, and gold, and all peroxides of metals; 
also by heating salts of oxy-acids rich in oxygen, such 
as chlorates, permanganates, perchlorates; by beating 
peroxides, permanganates, dichromates with sul¬ 
phuric acid; by the electrolysis of acidulated water, 
or water made alkaline with caustic potash or baryta 
water, when the oxygen is evolved at the positive 
pole ; by warming a paste of bleaching powder and 
water with a cobalt salt. On the large scale it is 
obtained from the air by Brin's Frocess (q.v.) Oxygen 
unites directly with mo-st of the other elements • with 
some, such as phosphorus, sodium, potassium, calcium, 
at the ordinary temperature; with others on heating, 
such as cart)on, zinc, copper, iron, lead; it does not 
unite directly with the halogens and the noble metals 
(silver, gold, platinum). The rate of union depends 
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on the state of division of the element. Oxidation 
proceeds so quickly with finely divided iron and lead 
that they catch fire in air at the ordinary temperatnre 
when sufficiently finely divided. All ordinary com¬ 
bustions are due to the union of the oxygen of the air 
with the thing burned or with the constituent elements 
of the thing burned, as when coal gas bums; here the 
free hydrogen unites directly with the oxygen of tiic 
air, while the elements of the marsh gas which is con¬ 
tained in cool gas each unite separately : 

CH^ + 20 ^«C 03 + 2H,0. 

As air contains only one-fifth of its volume of oxygen, 
all substances which bum in air bum much more 
rapidly, aud therefore at a much higher temi>erature 
and much more brightly in oxygen. When an clement 
can unite with oxygen in more than one proportion 
the compound formed by the union of the two will 
depend on the relative amount of the element and 
oxygen; thus copper and phosphorus each form lower 
oxides with a restricted supply of oxygen than they 
do with a free supply of oxygen. In the cfise of com¬ 
pounds also the products are usually different when 
combustion occurs in a restricted supply of oxygen 
from what they are in a free supply. Sulphuretted 
hydrogen in a restricted supply of oxygen gives water 
and sulphur; in a free supply, water and sulphur 
dioxide. Marsh gas can t.e made to yield metlnl 
alcohol, formaldehyde and formic acid in a limited 
supply of oxygen; but in a free supply it yields 
carbon dioxide and water only. Finally, many, if 
not all, combustions in oxygen do not occur in tlie 
absence of every trace of moisture ; carbon monoxide, 
nitric oxide, phosphoms are examples of substances 
which will not unite with oxygen in absence of 
moisture. Oxygen is distinguL«hed from all other 
gases except nitrous oxide by rekindling a glowing 
epill, and from all other gases by giving reddish brown 
fumes with nitric oxide and by turning an alkaline 
solution of pyrogallic acid brown or an ammonia 
solution of cuprous oxide blue. Oxygen has the 
property of uniting with certain compounds of un¬ 
saturated character to form unstable substance.s 
which possess active oxidising properties. The 
oxygen united in this way is called “actiie oxygen,” 
and the process of union is called the " activising ” 
of oxygen. Thus turpentine is a substance which 
renders oxygen “active.” The compounds are sup¬ 
posed to be formed by the addition of a molecule of 
oxygen, and they have been called “ moloxides.” The 
oxygen in these moloxides can oxidise a portion of 
the unactivised compound, or it can oxidise other 
substances capable of oxidation when brought in 
contact with the moloxidc. TLu.s active turpentine 
oxidises water to hydrogen peroxide; potassium 
iodide with liberation of iodine, many metals, and 
indigo solution. One of the best established cases 
besides turpentine is triethylphosphinc: 


(C,IUP + 0,=(C,H5),T 


< I 

\0 


The triethylphosphinc moioxide can yield triethyl- 
phosphine oxide by autoxidation, or it can oxidise 
another substance such as indigo; 

(c,nAP+(c,H4),r< I =2(C.,H,),P0. 

\ 0 

See Oxidation. 


Oxyhydrogen Flane and Light. Hydrogen burns 
in air with a non-lnminous but hot flame; if the 
flain4 be supplied with oxygen instead of with air, 



When the two 


a still hotter flame results; the temperature of the 
flame is sufficient to melt many very refractory 
substances, e.p. quartz and pUitinum ; while certain 
infusible bodies, such as lime, arc raised to a state 
of brilliant incandescence. Ordinary coal gas gives 
a flame which is nearly equal to that obtained from 
pure hydrogen, and may frequently be used instead. 
For burning coal gas, or hydrogen supplied at low 
pressures, a Blow Thbouqh Jet is generally used: 
a typical form is shown in 
the figure. The hydrogen or 
coal gas enters at A, and 
bums at the open end of the 
jot c; here it is fed by a 
steady stream of oxygen 
flowing through the central 
tube B. The form of the 
mouth c is modified in 
various ways, but the essen¬ 
tial principle remains the same, 
gases are obtainable under approximately equal 
pressures, a.s, for example, when both are supplied 
in steel cylinders, a Mixing Jet is used, lu this 
case the hydrogen and oxygen are allowed to 
mix in proper proportions in a small ciiamber, 
from w'hich a single tube leads to the jet. If the 
gases are allowed to mix in exactly their com¬ 
bining pniportions (two volumes of hydrogen to 
one volume of oxygen), there is groat risk of 
explosion, though in a good mixing jet this may lead 
to no worse result than the “ snap ” which causes a 
sudden extinction of the flame. But by using a con¬ 
siderable excess of hydrogen, the arrangement is safe 
and the flame steady and far more fjowerful than 
when the gast;s are in their combining proportions. 
The OxYHyDEOGEN Light or Limelight is ob¬ 
tained by allowing the flame to impinge on the 
surface of a small cylinder of lime (calcium oxide, 
CaO). This cylinder is usually about 2 in. high and 
I in. in diameter; a hole is bored along its axis 
through which passes a rod which supports the lime. 
By means of this rod the lime can be raised and 
lowered, or turned round, so that a fresh surface cun 
be exposed to the action of the flame. 


Oxy-Spirit Light. Wnen coal gas or hydrogen is 
not avauable. its place may be supplied by the 
vapour of M ethylated Sptbit (y.r.), burnt at a 
jet resembling that used iu the oxyhydrogen light 
and su[)plied with oxygen under pressure. Cf. 
Oxyhydbogen Flame. 


Ozokerite {Chem.) A soft yellowish solid which 
occurs in the ground chiefly in Galicia and Koii- 
mania. its constitution is unknown, but it is pro¬ 
bably a hydrocarlxm or mixture of hydrocarbons of 
the olefine scries. Wlicn bleached it is u.sed under 
the name of ccrasin or ceresine (y.v.) as a substitute 
for beeswax. 

- (Afin.) One of the hydrocarbons. It is a 

solid, of a dark brownish colour, rc.sembling wax, 
and melting at 130® to 140" F. When refined, it 
yields Cebbsine (^.v.) From TJphall in Linlithgow¬ 
shire, Newcastle, Galicia, Moldavia, etc. 

Ozone (CMm.), 0^ A faint blue gas which has 
not been obtained free from oxygen; has charac¬ 
teristic smell. The liquid gas is deep blue and ve^ 
magnetic; it boils at —119® to —125". The liquid 
is explosive. It is absorbed by many essential oils, 
such as turpentine; slightly soluble in water. The 
gas is easily decomposed by heat into oxygen. On 
account of the ease with which it gives up one atom 
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of oxygen and passes into ordinary oxygen it has 
strong oxidising properties, e.g. it oxidises many 
metals. In the cose of mercury a mere trace of 
ozone is enough to desluoy the surface tension of a 
large quantity of the metal; also many lower oxides 
are changed by it to higher oxides, many snlpbides 
to sulphates. It oxidises and destroys organic 
matter so that ozone cannot occur in air which con¬ 
tains much organic matter. It reacts with potassium 
iodide us follows: 

2K1 + H,0 + 0, = 2K0H + 0, + 1^ 

Here, since a molecule of ozone gives rise to a 
molecule of oxygen, there is no change of volume. 
This reaction also serves as a test for ozone when it 
is known that no other substance such us chlorine is 
present which can liberate iodine from potassium 
iodide. Ozone probably occurs in very pure air; it 
does certainly after the occurrence of electric dis¬ 
charges. It is formed in a large number of pro¬ 
cesses, e.g. in the electrolysis of acidified water, in 
the silent electrio discharge by the kathode rays, 
and by radium rays; also when moist phosphorus is 
exposed to air, when sulphuric acid acts on peroxides, 
permanganates, etc. To obtain it in quantity the 
silent discharge is passed across a tliin layer of 
oxygen at a low temperature. Tiiat ozone has the 
formula O, is shown by weighing a vessel full of 
oxygen, then weighing the same vessel full of 
ozonised oxygen, and finding the volume of the 
ozone in the latter case by absorbing it with 
turpentine. The difference in weight is the differ¬ 
ence between the weight of equal known volumes of 
oxygen and ozone; and as the density of oxygen is 
known, that of ozone becomes known. Expcrimeirt 
gave density = 47'8. Ozone is used in the purifica¬ 
tion of drinking water. Experiments have .shown 
that by combined filtration and ozoni.sation the 
number of microbes can be retliiced from 100,COO to 
<500,OCK) per cubic centimetre of water down to at 
most 2 to 9 per cubic centimetre. It is also used as 
a disinfectant in other w'ays; in bleaciiing, in oxidising 
oils, etc. A solution in olive oil is sold under the 
name "Electron.” 

Ozonometer (ilfcf carol.) An apparatus which 1>y 
the use of ozone test papers determines the amount 
of ozone in the atmosphere. 

Ozotype (PAofo.) The name given to a modified 
form of carbon printing by the inventor Mr. T. 
Manly. In this process the print is made upon sized 
paper sensitised with a mixture of a bichromate 
salt, manganous sulphate, etc., and when sufficiently 
printed the unaltered salt.s are removed by washing 
in cold water. This initial image forms the basis 
upon which the finished print is afterwards formed 
in pigmented gelatine. In this process no reversal 
of the image occurs. 


P ( Ch4im.) The symbol tor rHOSPiiosus (j.e.) 

w. Tire symbol used for the ratio of the circum¬ 
ference to the diameter of a circle; the number 
3-1416. 

PkAlnotti Rinj {Elect.') An early form of dynamo 
armature, ring shaped, and provided with projecting 
teeth. 

Packing {Eng.) (1) Material placed in a cavity 
or STUFS-iifG Box (?.».), through which a piston rod 
passes, in order to make a steam-tight joint. (2) 
Material of any kind, e.g. wooden blocks, used to 
taise an object by a small amount. 


Packing {Mining). A Cornish term for the final 
dressing of copper or tin ore. 

Packing Case. A large box, usually of unpinned 
timber, with the joints nailed together instead of 
being dovetailed; often lined with lead, zinc, etc. 

Packing Ring {Eng.) A Piston Bing (g-v.) 

Pad {Build.) A piece of lead or felt placed under 
the ends of a steel girder at its bearings. 

- {Engrav.) An implement shaped at the base 

like a broad pestle, and consisting of some soft 
material covered with silk. It is used for spreading 
tlie warm varnish over plates that arc to be etched. 
Hee aUo Engraving and Etching. 

Padding. Huperfiuous matter in a literary artide, 
speech, periodical, etc., introduced for the purpose 
of filling up space. Superfluous accessories which 
detract from the merit of an artistic composition. 

Paddle {Eng., do.) (1) One of the blades fixed on 
the psiddic wheel (^.o.) of a steamship; more correctly 
termed a Float. (2) A tool used for spreading 
various kinds of material in metallurgy, paint 
mixing {q.v.), glass manufacture, brickmaking, etc. 
(3) A sluice in a lock-gate, or in a weir, for regulating 
the quantity .of water passing through. 

Paddle Boat {Eng.) A steamboat propelled by 
Paddle Wheels {q.v .); now almost superseded by the 
use of the Screw Propeller {q.v.) 

Paddle Box {Eng.) The casing over the upper 
part of a Paddle Wheel {q.v.) 

Paddle Wheels {Eng.) A pair of wheels of large 
diameter. On the circumference arc fixed fiat Floats, 
projecting in a radial direction. Paddle wheels were 
used on all the early types of steamship, but they 
are now nearly obsolete. The floats were either 
fixed or else hinged at their base, and actuated by 
levers in such a way that they entered tl.e water 
at right angles to the surface; the latter type are 
termed Feathebino Floats. 

Paddling {Leather Manvfac.) A process of 
tanning light skins in a pit in which a paddle 
revolves. The paddle keeps the skins and tan liquor 
gently moving, and so accelerates the process. 

Pad Saw {Joinery). A narrow saw that will slip 
inside the handle (imd) when not in use. 

Page Cord (.Tyjiog.) Small, strong twine with 
wbicli the pages of type are tied round to secure 
them temporarily until they are imposed. 

Page Gauge {Typog.) A narrow piece of wood 
technically known as reglet, and rather longer than 
I a page of the work to be printed. It is notched at a 
i point where the full page of type, including head and 
signature line, ends. The purjiose is to secure uniform 
length of pages and to facilitate imposition. 

Pagoda (Arc/rifeef.) (I) A Hindoo temple. (2) 
The loftj’, many' storied Chinese and Japanese towers 
are known as Pagodas and also as Taas. 

Paint {Dee.) A liquid or serai-liquid consisting 
of one or more pigments reduced to a fine powder 
and mixed with linseed oil and turpentine or 
other vehicle {*ee Thinness), and inteudetl to bo 
nsed for the preservation or beautifying of the 
surface to which it is applied, A second class of 
paints are known as “ water paints ” {q.v .), and require 
only the addition of water to render them ready for 
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use. Most paints arc made from a base such as 
white lead, oxide of zinc, lithopone, barytes, or some 
other white pigment {»ee Pioment) mixed with 
colouring matter in order to produce the reqtiired 
hue. Sometimes a base of an earth colour such as 
ochre or sienna is used in place of the white. Stte 
Paint Mixing. The term “ pore paint ” is a mis¬ 
nomer, since any mixture of pigments and drying oils 
would form a paint; in fact, if ordinary road mud 
were dried, ground in oil, and then thinned with oil 
and turpentine, it might be said to be a pure paint. 
When the word “ paint ” is used in connection with 
the name of a pigment of well defined composition, 
it causes vagueness and uncertainty. For example, 
“ white lead ” on a package means that the contents 
consists wholly of white lead or basic carbonate of 
lead; but if the term “ white lead paint ” is employed, 
it indicates a paint, in the composition of which only 
a certain amount of white lead has been used. 

Painters’ Brushes (Dec.') The brushes with which 
the painter, the decorator, and the artist apply paint 
in the execution of their work vary largely in shape, 
size, and make, scores of different kinds being used 
according to tlie exact requirements of the work in 
hand. They all consist essentially of some sort of 
flexible bristles, hairs, or fibres, held together by 
means of twine, wire, or metal bands, and fixed to 
a suitable handle. The best painters’ brushes, which 
are intended to be used in oil paint, are made of hog's 
bristles of various kinds, intermixed so as to give 
“ spring ” or elasticity, solidity, and strength. These 
bristles are very expensive, and in the cheaper 
brushes it is common to find horse hair and other 
arlnlterants mixed with them. The result is that 
the brush is flabby, lacks spring, and does not la.st 
long. Genuine bristles can be recognised when 
viewed under a magnifying glass by their having split 
ends, while, the root will be found to be “ flagged,’' 
i.e. larger than tbe stem. Horsehair and iibic have 
both ends alike and of the same size. Gbound 
HBoanES are used to apply paint to fairly large 
surfaces, and are made in different shapes, the chief 
biting the ordinary “ round ” and “ oval ” form.s. The 
latter is generally thought to be handier to use 
than the round form. Ground brushes are made in 
eight sizes, varying in the weight of bristles from 
1 oz. to 8 oz., and usually numVtered l/o to 8/o. 
The smallest and largest sizes are not much used. 
The smaller brushes are called Sash Tools, and 
arc used in cases where the ground brush is too 
bulky ; for example, on mouldings, sashes, Iteads, etc. 
For executing narrow lines and in jiainting the 
smallest details, Fitches are employetl. These 
consist of smaller bristles, formed to make a flat, 
pointed tool, and held in place by a metal ferrule 
on tbe end of a somewhat long handle. “LiNEBs” 
are used for drawing lines in paint upon work. 
They are made with square and bevelled edges, and 
the bristles are quite stiff. Varnish lsnusHE.s 
are specially made for applying varnish, although 
some makes are suitable fur both paint and varnish. 
They are flat in form, and the bri.stles usually taper 
to form a bevelled edge. This is effected by standing 
the bristles in a little box with a convex bi)ttom, 
formed of the same shape as that which it i.s dc'-ired 
the ends shall assume. Distempeb Bbushes arc 
made in various forms, the most common being 
termed “one knot,” “two knot,” and “three knot.” 
The terra “ knot ” means that a bunch of the hair is 
tied up with wire. The handles are usually made of 
bcecbwood. Another form which is rapidly growing 


in favour is made by binding the bristles in flat form 
to the stock or handle, either by brass, tin, or 
leather. Dusting Bbushes, as the name implies, 
are used for removing dust, etc., from a suiface 
before the paint is applied. They consist of long, 
elastic bristles, somewhat loosely bound, and are 
made in two forms—round (used in London and the 
south of England); and flat (used almost exclusively 
in the north). The latter jMssesses the advantage 
that it may bo used for removing dust from places 
where the round brush would not go, e ff. between 
the balusters on a stairca.se. Btipplebs are laige, 
flat, square brushes having a handle on the hack, 
and arc used for stippling paint w’ork, i.e, dabbinff 
a newly painted surface so as to remove brush marks 
and leave a slightly uneven surface. See Stippling. 
Stencil brushes arc usually stiff bristled tools, held 
together in a tin ferrule or twine binding, and are 
used both in oil and water paint. See Stencilling. 
Various additional brushes arc iised by grainers and 
sign writers, filpc SIGN WHITING. Onlinary painters' 
bru.sbes, such as ground brushes and sa.sh toots, when 
new are too long in the bristles for convenient use, 
and are therefore “ bridled,” i.e. bound up about 
halfway urith cord. Bridles are sold ready for use, 
but practical fiaintcrs usually prefer to make tliem 
on the brush. In some makes of brush a small piece 
of copper wire is bound in with the bristles at each 
side, so as to be bent back, and form holds for the 
twine use<l in forming the bridle. In others two little 
metal eyelet holes are prorided for the same purpose. 
In all ca-ses the bridle is removed when the bristles 
have become sufficiently worn to render its further 
use unnecessary. The care of brushes is of great 
importance, and yet is frequently neglected. 1‘aint 
brashes after use should he thoroughly cleansed with 
turpentine or soap and water, all paint l)eing removed, 
and should then lie wrapped up in paper, with a 
little camphor or n.aphth.alene to keep away motli, 
and put away until required in a fairly cool dry 
place. If, however, the brush is required for use 
the next day, it is not necessary to take this trouble. 
It should then be susiMjnded in a can or otlier suit¬ 
able utensil full of raw linseed oil, or water may be 
used instead. The brush should not stand on tho 
bri^tles, or the weight will cause them to turn to 
one side, and the brush will remain permanently out 
of shape. A hole bored through tho handle of the 
brush, and a wire or thin rod pas8c<l through it, forms 
a simple but effective device for the purpo.se. 
Varnish bruslies are usually suspended in linseed 
oil, but never water. A better plan is to suspend 
them in varni.sh, and in cases where the work i.s of a 
delicate character in the same grade of varnish as 
that in which the brush is used. In this ease it is 
necessary to use a special can having an airtight 
cover. Whitewash, distemper, and all other bru.shc.s 
used in w’ater need only cleansing, but they must 
never be put away damp or be stored in a very warm 
and dry place, or the bristles are likely to l>ccome 
loose. In every case it is best to soak a brush of 
this kind in water for a couple of hours before 
using it. Writing ^icncils should bo cleaned in 
turpemtine, and, if they are not to be used for some 
time, dipped in olive oil or tallow and smoothed out 
to a ix>int. Brushes that liave become hard with 
paint should be soaked in a liquid paint remover, 
such as Ball’s, or in raw linseed oil, and may then 
be cleaned with hot turpentine. No brush should 
bo kept in turpentine for a length of time, os it 
causes the bristles to lose their elasticity. Water 
has the same effect.—^A. S. J. 
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PiUntera’ Holiday (Ifer.) A term need to indicate 
portions of painted work which liave been inadver¬ 
tently skipp^ or missed. To prevent this it is usual 
to vary the colour of undercoats somewhat, so that 
the portions of the surface reached by the paint 
brush can be distinctly seen. 

Paiating (Methods). In the history of the 
technical processes used by the painter the first 
place must be given, on the ground of antiquity, to 
what is known as Painting in Tbmpeba. This 
method was followed in remote ages by the decorators 
of Egypt, Assyria, and of other Eastern countries, 
as well as by the Greeks and early Italians, and is 
still counted among the accci>te<l modes of pictorial 
practice. It is in its mechanism akin to both oil 
and water colour painting, but it has certain peculiar 
qualities by which it is distinguished. The colours 
employed are certain earths and other dry pigments 
which are made to aflhcro to the canvas or wall 
surface by being mixed with a gummy medium such 
as glue, size, white or yolk of egg, starch, milk, 
cheese, the juice of the fig tree, or a compound made 
up of several of these combined. The process is 
susceptible of many applications and does not limit 
the artist wlio uses it to a particular manner of 
expression. Its results are permanent under proper 
conditions, and the works for which it has been 
employed are not seriously liable to chemical change 
or mechanii al disintegration. Fbksco in its various 
forms has also a liistory of many Qcnturies. It was 
much practised in Italy, both in Boman times and 
during tile period of the Renaissance, and its best 
tratlitions arc .still kept up by modern artists in that 
country. True fresco is a method of painting upon 
wet plaster with colours mixed with water. These 
soak into the actual substance of the plaster and 
become permanently incorporated with it as it dries. 
(Inly those pigments which do not suffer from 
contact with lime can be u.^ed, and only so mnch of 
the plaster surface as will remain wet while the 
artist is painting on it c.an be dealt with in each 
day’s working. An ancient variation of true fresc*o 
was used by the Boman.s. It was called Encacstic 
Tainting, and its peculiar qualities came from the 
use of wax for a binding medium. Wax was applied 
to the plaster as a ground, it was often mixed with 
the pigments themselves, and was finally spread over 
the face of the fini.shcd painting, and then by the 
application of heat was fused into a solid mass in 
which the colours were securely locketl up and 
protected from all possibility of damage by 
atmospheric influences. A modem method, known 
as Kpieit Fbssco, also depends uiKjn the use of 
wax to bind the work together. In this the wax is 
dissolved in a volatile oil, and the resulting compound 
is employed as a medium for preparing the wall 
surface and for mixing with the pigments, so that a 
fusing effect akin to that in encaustic painting is 
produced without the use of heat. In anotiicr 
modern variation, Wateb Glass Tainting, the 
pigments, mixed with water, arc laid upon pla-stcr 
which has been previously soaked with .solutions of 
ferro-silicic acid and water glass of potassium, and 
they are set with a fixative which is sprayed or 
bmshed over them after they have dried. All kinds 
of fresco depend greatly for their irermanence upon 
rotection from moisture, and they are easily destroyed 
y damp soaking into the wall on which they arc 
painted. OlL PAINTING began to be extensively 
practised towards tho end of the fifteenth century. 
According to tradition it was invented by Van Eyck, 


a Flemish artist, but its principles were understood 
at an earlier date, and he seems merely to have 
systematised them conveniently. It differs from 
tempera painting chiefly in the substitution of oil or 
varnish in the place of the albumen or size chosen 
as the binding medinm in tbe older process. The 
pigments are mixed with oil and varnish until they 
become of the right working consistency, and are 
laid upon canvas, wood panels, or any other equally 
convenient surface. Under reasonable conditions 
oil paintings w'ill last for centuries, but they are 
liable to changes in tone from the darkening of 
the oil vehicle and to colour alterations from the 
use of fugitive pigments. Tbe technicalities of 
the process arc, however, so adaptable and so easily 
controlled that its popularity is quite intelligible. 
Modem Wateb Coloue Painting in its best form 
is a process of staining white paper with washes of 
transparent colour. Tlio pigments are soluble in 
water, but they are prepared with the admixture of 
a small amount of gummy medium which makes 
them flow more easily over, and adhere more closely 
to, the surface of the paper. Work done in 
transparent water colour is brilliant in effect and 
full of variety, both of colour and tone, and as tbe 
white paper shines through the washes it has a 
pleasantly luminous quality. Some artists prefer to 
make their water colours opaque by mixing Chinese 
white with the transparent colours, and by so doing 
revert more or less to the practice of the tempera 
painters ; but tbe best results are obtained by wbat 
is commonly considered to be the more legitimate 
method of transparent painting. Une other technical 
device must be noted— Pastel Painting. This is 
really a method of drawing in colours, for tbe 
pigments arc •ompressed into sticks with so little 
binding medium t^t they work like soft chalk and 
are made to adhere to paper or canvas merely by the 
pressure of the band in drawing. Tbe results 
attained by such a process are necessarily somewhat 
fragile, but yet pastel [aintings, if they are protected 
from friction or rough usage, are quite permanent. 
They do not undergo any chemiem.! changes and are 
not liable to fade or become discoloured. Tliis 
methoil of paiating was first u.sed in France in the 
seventeenth century, and its suitability for pictures 
of a delicate and fanciful type Las made it widely 
popular with artists. It is still very generally 
practised.—A. L. B. 

Paintings Schools of. The nature of the works 
achieved by the ancient schools of painting cannot 
be very exactly estimated. That the Egyptians and 
the Assyrians were skilful decorators and studied 
closely some of the best principles of pictorial art 
can be judged from existing remains, but these 
remains give a more or less imperfect idea of the 
full scopa of their practice. Tradition assigns to 
tlic Greeks also considerable proficiency in painting, 
but none of their pictures have survived; and of 
Roman art there have been preservctl only examples 
of mural decoration. Some of these have certainly 
a freshness of design and a beauty of finish w’hich 
suggest that the technicalities of painting were well 
understood by the artists of the period. The know¬ 
ledge of drawing and the appreciation of colour com¬ 
bination displayed in them imply the existence of 
higii standards of acc-omplishmenl and tho observa- 
vnnee of well established artistic traditions, so that 
there was not improbably a fair number of able 
painters among the Romans. But the real history 
of painting with which we are conoarned began in 
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the thirteenth centmy, when Cimabuo laid the foon- 
•dations of the ^cat ITALIAN SCHOOL. This school 
can be divided into seveitd groups, in each of which 
-there were men who may be placed among the great 
masters of the world. There were the Tuscans and 
Florentines, with Oiotto (127^1336), Masaccio 
.(1402-1428), Leonardo da Vinci (1452-1519), and 
Michael Angelo (1475-1563) as leaders in a company 
which included also Botticelli, Andrea del Sarto, 
Lnca Signorelli, Filippo Lippi, Sodoma, and Bron¬ 
zino; there was the Umbrian group, with Perugino 
(1446-1524) and Baphael (1483-1520), and others 
like Pintnricchio and Giulio Komano; the Paduan 
roup, with Mantegna (1431-1506), Sqoarcione, and 
chiavone; the Veronese group, beaded by Paolo 
Veronese (1530-1588); and the Lombardy group, 
with such masters as Domenichino, Guido' I’armi- 
giano, Corr^gio, and the Carraccis. There was, too, 
the splendid Venetian school, which began its 
great career in the fifteenth century with John 
Bellini (1426-1516), and produced in the years that 
succeeded Titian (1477-1576), Giorgione (1478-1511), 
Tintoret (1512-1594), and others like Sebastian del 
Piombo, Bordojie, and Moroni. Altogether the 
glorious period of Italian art covered nearly four 
hundred years. Meanwhile there was growing up in 
the Low Countries another school which was destined 
-to become not less famou.s. It was made up of two 
•groups, the Flemings and the Dutchmen. In the 
JSr.'t were included Hubert Van Eyck and Jan Van 
E;. ck, both bom towards the end of the fourteenth 
ot'ntury; Hans Mcmling, who nourished in the 
fifteenth century; Quentin Matsys and Mabuse, 
who carried on the traditions of the school into tlie 
.sixteenth coiuury; Eubens, who was born late in 
*he sixtenth century and diecl in 1640; juid Van 
Dyck (1599-1641). The Dutch masters belong 
■almost entirely to the seventeenth century; among 
them were Hals (1684-1666), Eembrandt (1607- 
1669), Terburg (1607-1669), Teniers (1610-1694), 
and others like Cuyp. Paul Potter, Ostade, Hob¬ 
bema, and Bol. In the latter part of the fifteenth 
<»ntury and the early part of the sixteenth there 
were some Gebman Aktists of note—Martin 
•Schongauer, Lucas Cranach, Aldegrcver, and Hans 
Holbein, who died in England in 1543 or 1554. 
T'he bPANisn School owes its reputation chiefly 
to the fact that it produced one great master, 
Velasquez (1599-1660). His contemporaries—Zur- 
baran, itibera, and Murillo—were also artists of 
.distinguished ca[«tcity, but none of them can be 
said to have quite rivalled him in power. About a 
century after Velasquez ap[>eared Goya (1746-1828), 
who is entitled to a place among the more notable 
Spanish painters. Tlie French School has a long 
jmd honourable record. Its best period began with 
Nicholas Poussin (1594-1665) andClaude(1600-1682); 
«nd in the early eigteenth century it included many 
men of admirable skill, among them Watteau (1684- 
1721), I.ancret (1690-1743), Chardin (1699-1779), 
Boucher (1704-1770), Greuze (1725-1805), and Frago¬ 
nard (1732-1806). A little later came others like 
David, Delaroche, Gericaiilt, and the Vemets, who 
helped on appreciably the development of the school 
in its modern form. The ENGLISH SCHOOL had its 
leal beginning with William Hogarth (1697-1764). 
There had been artists of native birth before him, 
but none of them can be said to deserve places in 
any list of masters. The immediate successors of 
Hogarth were, however, men of unquestionable 
importance. Sir Jo!,hua Beynolds (1723-1792), 
Thomas Gainsborough (1727-1788), Gcoyge Eomney 


(1734-1802), John Hoppner (1768-1816), Sir Henry 
liaebum (1756-1823), and Sir Thomas Lawrence 
(1769-1830) are all counted now as superlatively 
accomplished painters of portraits and %ure sub¬ 
jects, and J. M. W. Tumor (1775-1851) and John 
Constable (1776-1837) as landscape painters of 
supreme ability. The English water colour school, 
too, which came into existence about the middle of 
the eigiiteentb century, quickly made a reputation 
by the power of the men who attached themselves 
to it and the excellence of the work they produced. 
The modern schools which have at the present time 
the fullest vitality are the French, the EngUsh, and 
the Dutch. France is still a centre where the science 
of painting is admirably understood, and where fine 
craftsmen abound. In England the older traditions, 
though modified to some extent by foreign influences, 
are teing soundly carried on ; and in Holland a new 
form of artistic sentiment, derived chiefly from 
France, has been very successfully grafted on to the 
sturdy and masculine art of the older Dutch masters. 
In Italy and 8]>ain there are some skilful executants 
but hardly any artists of the first rank; and the same 
may fairly bo said of Germany,—A. L. B. 

Paint Mixing {Deo.) Tlie method of mixing 
paints and colours employed by painters is a some¬ 
what crude one. A little oil is first placed in a can 
or paint pot to prevent sticking, and then the base or 
principal pigment, e.g. while lead, zinc white, ochre, 
etc., ground in oil, is placed in the can, and linseed 
oil and turpentine arc added slowly, together with 
the necessary quantity of driers (y.e.) The pigment 
is beaten against the side of the can with a (ucce of 
wood shaped like an oar or i>addle. When the paint 
is I'educed to the consistency of thick cream the 
colour is added if the paint is to be tinted. This 
colour is mixed separately with a palette knife on a 
slab or piece of plate glass, and is added in small 
quantities to the white in the can. The final opera¬ 
tion, and a very neces.sary one, is to strain the paint 
through wire gauze so as to remove all small un- 
mixccl ))articles. In the best work, paint is twite 
strained. The custom of using small mechanical 
jiaint mixers, worked by Land, is growing among 
painters. Liquid or ready mixed paints are manu¬ 
factured in considerable quantities, and are usually 
sent out in lever-top tins reatly for use. These are 
mixed meclianically in sjjeclally constructed jtaint 
mixers, having revolving aims or paddles. In the 
best forms these arms revolve vertically, so as to stir 
up tlie heavier part of the paint, which is apt to 
settle to the bottom. I'he art of mixing the very 
large number of different colours required in modern 
liouse painting necessitates considerable experience. 
The following is a short list of some of the cem- 
monest colours and their constituents:— Buff ; 
French ochre and white lead with a little Venetian 
red. Brunze Green : Chrome green, yellow:, and a 
litUe black, or chrome yellow and black alone. 
Brown (Ijght) : White, mixed with orange chrome 
and raw umber. Brown (Dark) : Indian red, lamp¬ 
black, and yellow ochre. Brick Colour: French 
ochre, Venetian red, and oebre. Carnation ; Car¬ 
mine lake added to white. Flesh Colour : A little 
yellow ochre and Venetian red added to white. 
I^BPLE : Indian red, ultramarine, and white. Sal¬ 
mon; White lead, vermilion, and a little yellow 
ochre. Terracotta : White lead and burnt sienna. 
Lavender: Ultramarine and carmine added to 
white. Sky Blue : Prussian bine or cobalt added 
in small quantities to white. Cbbam : French ochre 
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added to white with a little Venetian red. SlONB 
COLOUB : French ochre added to white w ith a little 
burnt umber. IVY Gbben: French ochre, lamp¬ 
black, and l*rus8ian blue. Olive ; Lemon chrome 
yellow with a small proportion of ultramarine and 
Indian red. Fea Qbben: Chrome green added to 
white. Chestnut.: Chrome yellow and Venetian 
red. Chocolate : Burnt sienna and a little crimson 
or Indian red, lampblack, and yellow ochre. Fbbnch 
Gbey : Add drop black to white and a very little 
crimson and blue. Claeet; Red, umber, and a 
little black.—A. S. J. 

Paint Oils That group of drying oils 

which axe sufficiently abundant and cheap to permit 
of their extensive use in house painting. Linseed 
oil is the principal oil of this class; but walnut oil 
iq.r.), poppy-seed oil <j-e.), and Tung oil (Cliinese 
wood oil) (jj'.e.) are also employed to a limited extent. 
Bosin oil (?.«.) is sometimes used in cheap paints, 
but it is objectionable from the fact that it does not 
become permanently hard. (See alto Oils.) 

Paint Stripping (Deo.) A term used to indicate 
the removal of a coat of paint from the surface to 
which it has been applied. This is alwa 3 ’s necessary 
when the old paint is very cracked or blistered, and 
rubbing smooth with pumicestone or sandpaper 
would be impossible. The most common method of 
stripping paint is to emphiy a painter's torch or 
naphtha lamp, which is held in the l<-ft hand so that 
the flame is directed over about a square foot of the 
old paiut at the time, the beat causing the paint to 
quickly .soften. This is then remov cd by means of 
a specially constructed knife having a square and 
sharpened end, and held in the right hand. A 
portable charcoal stove fitted with a long wooden 
handle is sometimes employed for the same purfiose, 
or a jet of gas taken from an ordinary gas burner by 
means of a rubber tube may be employed instead. 
All these methods have the ohjoclion that when used 
indoors they cause a good deal of smoke and smell. 
V’arious solvents arc, therefore, sometimes employed 
instead. They consist of two classes, the first being 
a paste consisting principally of an alkali w'hich 
softens the paint after having been applied about a 
quarter of an hour, so that it may then be washed off; 
the second class consists of various liquids, of which 
00*01006 is one of the principal constituents: this is 
cleaner than the paste, but can hardly be n.sed with 
arlvantagc outdoors when a high w’ind is blowing, as 
the liquid evaporates before the paint is properly 
softened. 

Pair or Pare (Minint}'). A Cornish term for a 
gang of miners {more tlian two in number). 

Paleontology (Oeol.') The branch of science 
which is concerned with the study of the Fast J.ife 
uf the Earth. Its pursuit requires an extensive 
knowledge of biology as well as geology, and its 
followers are now becoming, in con.sequence, more 
and more specialists in its various branches. 

PalSBOZoie (Geol.) A term much in'use even yet 
for the strata which contain the oldest types of 
organic remains yet known, from the base of the 
Cambrian Bocks upward to the top of the Carboni¬ 
ferous Bocks. By some it is still oonsifleted to 
include also the so-called “I’ermian” Bix:ks, which, 
however, in reality forms the natural base of the 
Mesozoic- Bocks. The I’alseozoic Bocks are now 
usually sub-divided into an Upper or Dcutcrozoic 
Series, and a Lower or Frotozoic (y.r.) 


PaJaestra (Arehaot.^ A public building used 
the Greeks as a gymnasium. The chief athletic- 
exercise taught was wrestling. 

Pale (Her,') One of the honourable ordinaries; a- 
band placed vertically in the middle of the shield,, 
reaching from top to bottom, and occupying about 
one-third of the field. See under Hbbaldby. 

Palette (Arm.) A small plato of metal of various 
shapes attached to plate armour to protect the arm- 
pit 

- (Huff.) The breastplate or part of a band- 

drill to whicli the pressure is applied. 

-- (Paint.) An implement used by painters 

for the purpose of setting and mixing colours wben- 
paintiug. It generally consists of a flat thin piece 
of wood (walnut or x>eai‘) or porcelain, oval or rect¬ 
angular in shape, with a hole at one end suitable for 
the thumb of the left hand to pass through when 
in use. 

Palette Knife (Paint, etc.) A thin, flexible blade 
of metal or other material fixed in a liandle. Used 
for mixing colours on a palette or for laying the 
paint on certain parts of the canvas; also for spread¬ 
ing printing ink over a surface. 

PaUmpeest* (Arrlueul.) An ancient parchment or 
other writing material from which the origimil 
writing has been effaced to make place fur a subse¬ 
quent writing. The term is sometimes applied to a 
monvimcntal brass (q.v.) which has been turned and 
engraved on the reverse side. 

Paling (Carp, and Join.) A fence formed of thin 
boards overlapping each other longitudinally, and 
nailed to the vails. 

Palisading { Carp, and Join.) A fence with battens 
a few inches apart nailed to the rails. 

Pall (Her.) A charge in the form of the letter Y. 
Derived from a vestment peculiar to archbishops,, 
which consisted of a circular band of lambswool* 
worn round the neck, with two pendants of the same 
width, one before and one behind. Only the front 
portion is shown in the cliarge, and this bears crosses- 
oati fitehSe. 

Palla (AroTiceol., etc.) A loose garment or robe 
worn by Roman women over their other garments. 
A plain or ornamented cloth used to cover the 
chalice. • 

Palladian. A style of architeotmee named after 
its introducer, Andrea Palladio (bom 1518, died 1680). 
“It is a sort of medium between that vigorous 
severity which some exclusive minds abuse in the 
endeavour to imitate the classic stylo, and the 
licentious anarchy of those who refnse to recognise* 
rules, which rules* allow of exceptions ■ (Gwilt’s A’«- 
eyelopeedia of Arehiteetvre, 1891, p. 1331). Falladio's- 
principal works are: S. Giorgio_ Maggiore, Venice, 


Basilica, Vicenza (his masterpiece). In England,. 
Inigo Jones (1672-—1652) introduced the Palladian 
style. The banqucting-hall in Whitechapel is an- 
example of his work. 

Palladiam (Chem.) Pd. Atomic weight, 106*5. A 
shining white metal; melts about 150(f; sp. gr. 11*4; 
malleable, ductile. The metel easily absorbs- 
hydrogen (see OCCLUSION), and this occurs best on 
warming. Use is made of this property in gas 
analysis when hydrogen has to be estimated other- 
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wise than by explosion vith oxygen. The metal is 
partly oxidised in air at a high temperature; it 
dissolvesiin nitric add, fonning the nitrate Fd (KO^^ 
Pulladiam forms a series of salts in which it is 
divalent; the most characteristic of these salts are: 
(1) Hie cyanide, which is formed as a pale yellow pre¬ 
cipitate, when mercuric cyanide is added to a solution 
of a palhidium salt; the cyanide gives the metal on 
heating, and dissolves in potassium cyanide to form a 
double salt. (2) The iodide Pdlj, which is formed 
as a black precipitate on adding a solution of 
potassium iodide to one of a palladium salt; it is 
insoluble in hydrochloric acid. This metal a].so forms 
doable chlorides with potassium and ammonium 
chlorides, e.g. K^PdCl. and KjPdClj, the former 
being the more stable. Palladium occurs free, 
sometimes nearly pure, but usually with platinum, 
osmium, etc. It can be separated from the aqua 
regia solution by nearly neutralising it and pre¬ 
cipitating as cyanide. Finely divided palladium can 
bo obtained by boiling a solution of one of its salts 
with alcohol and caustic soda. 

Palladiam (Min.') This rare element occurs in two 
forms. The mineral known as Palladium coiusists 
of an alloy of the element palladium with platinum 
and iridium, and is cubic in its ciystalline sj-stem. 
The mineral Allofalladium is rhombohcdial, and 
consists of pure palladium. Iloth are found in asso¬ 
ciation with iridium and platinum in Brazil and in 
the Urals. 

Pallas (Atiron.) The second of the minor planets 
discovered. Found by Olbers in 1802. 

Pallet (MtiA.) a narrow tool of brass fixed in a 
handle, and having a straight or a slightly <;uuvpx 
working surface. Used for finishing the backs of 
bound or half-bound books with plain or ornamental 
lines, either in gilt or antique stv le. 

- (Her.) A diminutive of the pale and one 

half its width. See vnder IIbraldby. 

Pallets (CloeJu and Watchet). The “pads” by 
which the escape wheel teeth transmit energy to 
the pendulum or balance. 

PaUlnm (Archaol,, etc.) The Tjatin name for the 
outer garment or cloak worn by the Greeks, es^iccially 
by the philosophers. See Himatxon. A woollen 
vestment or scarf worn by art hldshops in the Homan 
Catholic Church. See Pall (Her.) 

Palms (Botany). A highly important order of 
Monocotyledons found in tropical and sub-tropical 
regions. The most common furm consists of a single 
stem with the leaves anunger’ in a crown at the top. 
C<»so» nuoifera is the Cocoanut Palm. Sagiu Itumjfkii 
(found in the Moluccas) contains starchy material in 
the stem, from which Bago is obtained. Many other 
genera are economically important, while some are 
cultivated on account of tbeir ornamental appearance. 

Palm Capital (ArehUeet.) A form of capital used 
in Egyptian architecture. It re.semblc.s a seiies of 
spreading palm leaves. See OAMFAifiFOKM Capital, 
fiLUSTBBBD LOTUS BUD CAPITAL, and IlATBOK 

Headed Capital. 

Palmer Tyre (Cycles, Motors). See Tvbes. 

Palmitic Add (U/zm.) CH,{CH,)„COOH. White 
crystalline solid; melts at 62°; boils at 278*5° under 
100 mm. pressure; insoluble in water; soluble in 
alcohol and ether. Occurs free in palm oil; but 
usually it is combined with alcohols forming esters. 


, Thus its cetyl ester is chief constituent of sper¬ 
maceti. See Cetyl Alcohol. Its myricyl ester, 
C„H«COOO^B«,, forms about. 80 percent, of beeswax; 
its glyceryl ester is the chief constituent of palm oil, 
and occurs in olive oil, butter, cocoanut oil, soft 
animal fat. Adipocire, a waxlike substance found 
when the bodies of animals decay in the earth, is 
principally potassium and calcium palmitates. 
Palmitic acid can be prepared from pdm oil by 
hydrolysing with caustic potash, decomposing the 
solution of potassium oleatc and palmitate with 
sulphuric acid, and crystallising from alcohol till 
pure. Oleic acid is much more soluble in alcohol 
than palmitic acid. 

Palm Oil. An oil, fat, or butter obtained from 
the fruit of .several species of the palm, chiefly Elms 
guienensis. When fresh it is of a bright orange 
colour, and possesses a pleasant odour like violets or 
orrisrootj but on exposure it soon becomes rancid, 
and has then a very unpleasant smell. It is used in 
this country principally for soap and candle making. 
The sp. gr. at 15" O. is 0*945, and the melting point 
27" to 45° C., according to the quality and condition 
of the oil. 

Palm Wax ( Botany). A .species of palm, Ceroxylon 
andirolum (order, Palmte), from South America; 
yields a waxy secretion used in candle making. 

Palstave (Arw«). A celt of bronze or other 
metal without a soeke.t, but made so that it could be 
attached to a handle and used as a weapon. 

Paludament (Arehaol.) A cloak worn over 
their armmir by the highest Roman military officers. 
A berald’.s coat. 

Paly (Her.) A shield is called “ jmly ” when 
divided by an equal number of vertical lines, the 
spaces being alternately of metal and colour. See 
Hebaldhy. 

Paly Bendy (Her.) When the last shield is 
divided by an equal number of lines drawn btindwise. 

Pamphlet (Print.) A small book containing from 
one to five sheets stitched together, and generally put 
into a paper wrapper. A short essay or treatise 
published alone. 

Panama Straw. The fan shaped leaves of a tropical 
Mouth American plant, Carlvdoviea palmata (order, 
Oyclanthacece), when very young, are cut into strips 
and bleached. This material is used for making 
so-called Panama hats, which ore manufactured 
chiefly in Ecuador and Peru. 

Panathenssa. Tiie great annual festival of Athens 
which celebiuted the union of Attica under Theseus. 
The festival every fifth year was more elaborate than 
those during intervening years. The celebration 
included a grand procession to I be shrine of Athena 
(see Elgin Mabbles), musical competitions, and 
athletic comixstitions. 

Pan Closet (Hygiene). The pan or container 
closet consi.sts of a china basin shaped like an in¬ 
verted cone, with its outlet guarded by a movable 
metal pan, which retains water in the basin. This 
metal jam not only rapidly fouls and wears out, but 
each time the basin is emptied allows foul air to 
escape. It is the most objectionable form of closet, 
and is now prohibifod by the model byelaws of the 
Local Government Board. 

Pandemic (Hygiene). The term applied to a 
disease prevalent over a large portion of the globe. 
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' Pftiie. (1) One of the sheets or pieces of glass 
forming the divisions of a vi'indow, etc. (2) One 
of the sides of the table or upper portion of a 
brilliant or out diamond. (,?) The dressed surface 
of a stone*. (4) In irrigation, a space of ground 
bounded by a feeder and an outlet. 

— (Awy., etc.) The narrow end of a hammer 
head. Alao tpellcd Pbiie, Phen, Pin, etc. See 
Hahhebs. 

PanaL (1) A portion of a surface surrounded by a 
frame or border and often consisting of some thinner 
material, e.g. the panel of a door, (2) A thin board 
employed instead of cardboard or canvas in water¬ 
colour and oil painting. (3) A large photograph of 
much greater height than width. 

- {Bind.') One of the spaces between the 

bands on the back of a bound volume. A division 
or compartment on the cover of a book enclosed by 
lines or contained within a border. 

- {Carp, and Jiitn.) A thin board occupying 

the spaces l)etween the styles, rails, and muntings of 
framed joinery. 

- {Bng.) The spaces between tlie upright 

pieces of a built up girder or similar structure. 

Panel Board {Meet. Eng.) A Switch Boabd {g.v.) 
built up in panels instead of being in one piece. 

Panel Gauge {Join.) A long marking gauge; the 
rod or stem may be from 1 ft^ to 2 ft. long. It 
derives its name from the fact 'that it is used in 
gauging the width of panels and similar pieces of 
work. 


Pantheon (ArehiUet.) A circular building with a 
domical roof, bnilt by Hadrian in Borne (A,D. 117-138) 
The portico of sixteen Corinthian columns was taken 
frmn an older building erected on the same site by 
Agrippa in the reign of Augustus. The following 
are some of the principal dimensions of the Pantheon:, 
Inteinal diameter, 142 ft. 6 in.; external diameter, 
188 ft.; height from floor to ontaide of “eye,” 
148 ft. 4 in.; thickness of dome at eye, about 6 ft. 
The building is lighted solely by means of a circular 
opening or “ eye ” in the centre of the dome. This 
eye is 27 ft. in diameter, and each square foot of it 
lights nearly 3,400 cubic ft. of the interior. 

Pan Tile {Build.) A doable curved roofing tile. 

Pantograph. An instrument used for making 
copies of drawings of a different size from the* 
original. The jiencil which diuws the copy is con¬ 
nected with a tracing point by a set of jointed link 
%vork, so that the movement of the pencil always 
hears a constant ratio to the movement of the 
tracing point. 

- {Lace Manufac.) An enlarged form of the 

ordinarj' iJantograph mechanically adapted for pro¬ 
ducing designs upon fabric in the Swiss embroidery 
machine. 

Papain {Botang). See Pap aw. 

Papaver (Botany). The poppy is a member of 
the Papaeeraceee. P. aomniferum yields the drug 
Opium. 

Papaverine {Chem.) 


Panel Machine {Join.) A wood planing machine 
used for planing up small pieces of flat board, such 
as [Kinols, 

Panel Pictnre {Paint.) A picture painted on a 
panel of wood, llie earlier artists frequently painted 
on panels. 

Panel Saw. A joiner's saw for cutting wood 
across the fibres. It resembles a hand saw, but is 
smaller, and }i.as about seven to nine teeth to the 
incli. Sec f<AW. 

Panes {Coat.) Slashes in outer garments, e.g. 
doublets, to show the coloured lining, or to allow of 
an under garment being seen. Tliis style virsis much 
in evidence during the fifteenth, sixteenth, and 
seventeenth centuries. 

Pan Head {Eng., etc.) A fiat headed rivet. 

Panionm {Botany). A genus of grasses belonging 
to tropical and warm temperate regions. Indian 
millet {P. miliaeeuui) is a valuable cereal. 

Pannlep {Architect.) A Cobbel {g.v.) 

Panning. The operation of washing auriferous 
sand, etc., by placing it in a pan to which a slight 
motion is communicated by the hand. This causes 
the particles of gold to accumulate at the bottom, 
the sand, etc., being allowed to pass over the edge 
with the water. 

Panorama. A picture of a landscape or other 
scene in which all objects that are visible from a 
fixed point are represented on the inner side of a 
cylindrical surface, the point of view being the axis 
of the cylinder ; or the picture is unrolled before the 
spectator, showing the various parts in sacccs.sion. 
Invented by B. Barker, of Edinburgh, about 1788. 

Pantagraph. See Pantoobafh. 
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A white crystalline Cprisnis) alkaloid; melts at 
147®; insoluble in water; soluble in chloroform; 
sparingly soluble in cold, easily soluble in hot, alcohol; 
in benzene and amyl alcohol soluble to the extent of 
one part in 37 and 76 jjarts respectively; optically 
inactive. 1 (■ is a tertiary base, us it unites with ethyl 
iodide; hydrioclic acid removes four methyl groups, 
fill reduction with tin and hydrochloric acid, it adds 
four hydrogen atoms to the ring marked 1, and the 
carbon atom marked with an asterisk becomes asym¬ 
metric; the new base—tetrahydropajMivcrine—can 
be resolved into the dextro- and Imvo-forms by 
H-bromcamphorsulphonic acid. On cautious oxida¬ 
tion with potassium permanganate and siilpliurio 
a< id, tlie CH, group of lapaverine becomtss a CO 
gn)up, and the pai^averaldin so formed behaves like 
a ketone; also it <Us.solves in concentrated sulphuric 
acid, giving a deep colouretl solution (Oxouium com¬ 
pound). On stronger oxidation of papaverine, the 
products are: 


COOH 

0 COOH 

a /9 y pyridine tricarhozyllc acid— 
coon from ring 1. 

N 



PAP 


496 


PAP 


noo( Not’ii 

) I Mctahcmipinic acid—from ring 2. 
EOOC\^'OCH 

COOH 

Veratric add—from ring 3. 

CH,0 

"^COOH 

Papaverinic add— 

CH,0*\ ..^COOH from rings 1 and 3. 

CH,0 

That papaverine is an isoqninolLne derivative issliown 
hy the fact that papavcraldinc (aee above) yields 
dimethoxyisoqmnoline on irotash fusion. All these 
reactions are in accordance with the above formula. 
I’apaverine occurs to the extent of about 1 per cent, 
in opium. It can be obtained from the luotlier liquor 
remaining after the separation of morphine and 
codeine hydro<ihloiidc8 MoitruiXE) by precipita¬ 
tion, as dioxalate on addition of oxalic add; the 
oxalate is decomposed by calcium chloride, and from 
the resulting solution of its chloride the papaverine 
c'an be precipitated by ammonia, and eryslallisecl 
from a mixture of alcohol and ether. 

Papaw {Botany'). The edible fruit and leaves of 
Carica jtapaya (order, Carieoceo'') arc valued as the 
source of Papain, a nitrogenous ferment having the 
power of digesting the fibres of meat. The tree is 
indigenous to South Amerioa, but is now cultivated 
in many tropical conntrics. 

Papep, On account of modern developments in 
the process of manufacture, namely, the era))loyment 
of fibres other than those of cotton and linen, the 
old definition of paper as a “ substanct! made from 
rags'* must be modified to read “a substance 
composed of vegetable fibres suitably united or 
felted together into the form of a sheet.” The pre¬ 
sent method of making paper from rag.s may be 
described briefly as follows. The rags, mostly im¬ 
ported from abroad in huge bales, are disinfected by 
exposure to high pressure steam or to the action of 
chemical vapours in clo.sed vessels. They arc then 
carefully assorted according to quality and colour ; 
all extraneous matter, such as string, yueces of wood, 
iiictal, etc., being removed during the oyjcratinn. 
The next process—ris. Cutting— is performed either 
by hand or by machinery, the better qualities of 
paper being made from Imnd-cnt rags, which are 
reduced to pieces about 4 in. square by bringing 
them into contact with a large knife fixed to a 
bench. In this form they are passed through a 
special machine, which knocks out the dust and dirt, 
and automatically delivers them to the boiler house. 
Here they are boiled, under pressure, with caustic 
soda or with lime, in order to remove grease and the 
non-fibrous constituents of the rags. The belter 
qualities are treated for eight or ten hours with 
about 10 per cent, of their weight of caustic sotla. 
Tlie removal of the dirty liquid produced is effected 
hy a thorough wash in the rag engine, a machine so 
constructed that the rags are circulated continuously 
between the knives of a revolving cylinder and other 
sharp knives fixed to the bottom of the engine. The 
rags are thus tom up into separate fibres, while at 
the same time the dirty water is removed by a con¬ 
trivance known as a drum washer. The addition of 



bleach liquor to the pulp in the breaker or rag 
engine whitens the “ h^f stuff,*’ as the pulp in this 
condition is called; but in many cases the bleaching 
is effected in a separate machine known as a pother, 
similar in construction to the rag engine. After the 
complete removal of the bleach liquor residues 
thorough washing, the hidf stuff is more completely 
tom up or beaten by continuons circulation between 
a fixed bed plate of knives bolted to the bottom of 
the beating engine and a rotating beater roll also 
provided with knives. HAND Made PiP'EB : The 
beaten pulp is now mixed with water in a largo deep 
wooden tank or vat. A mould (a wire cloth fastened 
to a wooden frame), fitted with a deckle or movable 
frame forming a raised edge to the wire cloth, i.s 
dipped into the vat, and a quantity of diluted pulp 
lifted out. Hy a gentle lateral motion imparled to 
the mould the fibres are caused to interlace or felt 
together while the water drains through the wire, 
leaving a wet sheet of paper on the wire cloth. The 
deckle is removed, and the mould laid upside down 
on a piece of felt or woollen cloth. A slight pressure 
apyfiied to the mould causes the wet sheet to adhere 
to the felt, so that the mould can be removed, A 
second felt is placed over the wet sheet, and the 
next sheet formed Laid upon it. In tills way a pile 
or ])Ost, <Ts it is called, of about 114 sheets is ob¬ 
tained, and this is submitted to great pressure, to 
take out the excess water. Tiie sheets are hung up 
to dry, and subsequently sized by immersion in a 
solution of gelatine, and then again dried. The 
paper when dry is glazed by pressure between 
polished plates or by friction between polished rolls, 
which im|«ut a finished surface to the payier. 
Maouine Made Papeb : In 1799 Louis Robert, a 
Frenchman, devised a means for making a lung sheet 
of yiajic-r on an endless wire cloth. The idea was 
improved by P'ourdrinier, and in 1804 tlio machine 
became a practical success. Since this date nume¬ 
rous additions and imiirovemcnts have been made, 
so that it is now p(»sibie to make the cheaper quali¬ 
ties of paper 144 in. wide at a speed of over 400 ft. 
a minute. The pulp, after treatment in the beating 
engine, is discharged into stiff chests (corresponding 
to the vats used in making jjaper by hand), and then 
I»nmpe<l, mixed with a due proportion of water, along 
sand trails, whii^b sene to take out me.chai)ical 
impurities and dirt. It is then screened through 
brass plates provided with fine slits or cuts, and 
allowed to flow over a flexible rubber cloth or apron 
on to the endless wire. By means of a continuous 
shaking motion the wet pulp felts into a web or 
sheet of paper, the excess of water falling through 
the wire. Further moisture is removed by suction or 
vacuum boxes and by the conch roll, the latter also 
causing the fibres to felt together more completely. 
The wet web then passes through press rolls to 
ensure perfect felting and even thickness, and the 
paper is dried by passing over hollow cylinders 
heated internally by steam. It is then formed into 
large reels. The paper, now in the form of a reel, is 
passed througli a trough containing animal size or 
gelatine, and led over a large number of skeleton 
drums, and slowly dried by warm air. A glazed or 
shiny surface is imijarted to the paper, by means of 
jiolished rollers, on another machine called a calender. 
Other Raw Fibres : The removal of excise duty 
from paper in 1869 soon created a larger demand for 
paper, and eventually raw materials other than rags 
had to be found, Those principally used are; (1) 
Ktbaw' and Ebpabto, each containing about 46 to 
60 per cent, of fibrous material suitable for paper- 
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making. The remainder, consisting of resinous and 
siliceous matter, is dissolved out in the preparatory 
treatment. Straw is used largely for cheap papers 
and box, boards. Esparto used chiefly in book and 
magazine papers. (2) Jute and Manilla, used for 
the manufacture or wrappers and strong envelope 
papfKCs. (3) WooD Pulp, used for all varieties of paper. 
Tor dettiils of manufacture aee Wood I’ulp. The 
pulp, prepared by the chemical process, is suitable 
for high class papers. A pulp prepared from wood 
by" a mechanical process is only employed for the 
manufacture of cheap printings and news. The pre- 
paratoiy treatment of the wood involves processes of 
boiling, breaking, and bleaching similar to those nsed 
for rags, although differing in degree. Methods of 
Tbbatino the Cheapeh Raw Mateeials: By 
blending two or more pulps a great variety of cheaper 
papers is obtained. Writing papf'rs can be made 
from rags and chemical wood pulp; magazine and 
book papers from esparto and chemical wood, cheap 
printings and news from chemical and mechanical 
wood. The pulps, suitably blended and beaten, are 
,.in the cheaper grades of paper, sized by adding resin 
size to the pulp in the engine, and not by the use of 
esj>ensive gelatine. The resin size is made by boiling 
resin in carbonate of soda. The size is added to the 
pulp, and then the further addition of alum precipi¬ 
tates the resin on the fibres and renders the pulp 
partially waterprofd. Certain mineral substances, 
such as China clay, terra .alba, etc., are added to the 
pulp to give weigiit and to improve the appearance 
of the paper. Tlie final glazing or surfacing of pajjers 
of this class is not always effected on a separate 
maeliine. The paper machine is provided with suit¬ 
able calenders or polished rolls, and the paper glazed 
as it leaves the drying cylinders. In other respects 
the manufacture of the cheaiwr qualities resembles 
the manufacture of the better machine made grades. 
V.AEiETlis OF Papee: A Complete list would fill 
one or two columns. Coloubed Papers are obtained 
by adding aniline dyes to the pulp in the beater, 
Watbeproof Paper, such as the Willesden paper, 
is prepared by passing ordinary paper through a 
bath of enpro ammonium, which acts on the surface 
of the paper, partially dissolving it. This on drying 
forms a glazed coating impervious to water. Imita¬ 
tion Pabchmbnt is ordinary paper passed through 
a bath of snlphnric acid, which has the peculiar 
effect of toughening the fibres. The acid is washed 
outrand the pajicr dried in the usual way. Teacing 
Paper is «»rdinary unsized paper coated on one side 
with a varnish of Canada balsam and turpentine. 
Oiled Paper for copying books is prepared by 
brushing over ordinary p.apcr with boiled linseed oil. 
Aet Papers used for lithographic printing are made 
from wood and esparto, coated, after being made, 
with a mixture of China clay or barytes and glue. 
Duplex Papers are coated on each side with a 
different coloured mixture. Historical Points ; ITie 
following ta-ble is a summary of the more interesting 
dates in connection with the industry (the early ones 
being only approximate): 

Palm leaves in use before . . . B.c. 2000 

Bark of trees employed about . . .. 2000 

Papyrus used as early as.24nO 

Parchment and skins in use about . „ 200 

Rice and bamboo used in China about a.d. 2f>0 
Rags known in China before . . „ 700 

Rags brought to Europe by the Moors „ 1000 
Cotton paper known in England about „ l.SOO 
First mill in England built by Tate . „ 1493 
Spielman’s mill at Dartford erected . „ 1688 


Whatman’s mill erected at Maidstone a.d. 1760 

Pai>er making machine invented . „ 1799 

Excise duty on paper removed . . „ 1860 

Straw used for making paper . . „ 1861 

Esparto introduced by Routledge , „ 1852 

Wood pulp, the staple fibre of cheap pajier „ 1866 
The improvements since 1866 are of a mechanical 
nature, chiefly relating to speed, output, economy, 
and other minor details. Modern Biblioobapht : 
Papermahing (Cross tc Bevan), Practical Paper- 
making (Clappcrton), Manufacture of Paper (Davis), 
Ckemistry of Paper (Little).—B. W. S. 

Paper Cable {Elect. Eng.') A cable in which 
paper is used as a part of the insulating material. 

Paper Condenser (Elect.) A condenser formed of 
sheets of tinfoil separated by sheets of paraffined 
paper. 

Paperhanging (Dee.) The art of affixing paper 
and other wall coverings to the surface of walls, 
ceilings, etc., for the purpose of decoration. The 
work of ,'a paperhauger now includes hanging {i.e. 
affixing) with an agglntinant, plain and printed 
paper; pressed or moulded materials having a design 
in relief, such as Anaglypta, Cordelova, Lincrusta 
Walton, Cameqid, etc.; canvas hangings, such as 
Fabrikona; silk mounted on a paper backing, and 
other materials. The following are the chief varieties 
of paperhangings in common use:—" I’ULPS,” some- 
times called “Blanks,” which are the commonest 
description of wallpaper made, and have the pattern 
printed directly on the plain paper. Tliis may be 
either white or brown, and provides one of the 
colours which form the pattern. “ Machines ” are 
papers printed by machines, and comprise a very 
large variety. In this class of paperhanging the 
I>aper is usually first grounded, that is, coloured with 
distemper colour applied by revolving brushes. The 
various colours comprising the pattern are then 
printed by a series of rollers, .which are frequently 
all contiuned on a single machine, so that the 
grounded paper enters the machine at one pointjl 
passes over the various rollers, and emerges from 
the other end completely printed, if necessary in as 
many as a dozen or more colours. It is then taken 
up automatically in loops or festoons, and carried 
slowly along the drying room, heated by steam pipes, 
so that the pattern is quite dry by the time the paper 
reaches the farther end. Here the long lengths are 
cut u]) into rolls and are ready for shipment. 
“Gold” or “Metal” Papers are those in which 
bronze or imitation gold leaf occurs, but their use 
has now declined. “ Grounds,” sometimes called 
“ Tints,” are plain tinted papers without pattern. 
They are used for plain friezes, ceilings, and for lining 
cupboard.s, etc., and are made in a large variety of 
light and deep colourings. " Micas " are papers 
grounded in a composition of which mica, talc, and 
other similar substances form part, the object being 
to give an iridescent surface. “ Satins " is a term 
applied to glazed papers having a smooth polished 
surface, produced by polishing with French chalk. 
These papers are usually printed in delicate pattema, 
and are largely used for drawing rooms, bedrooms, 
ladies’ boudoirs, etc. Flock Papers have a raised 
pattern formed by finely shredded wool dusted on ^ 
adhesive material in which the pattern is printed. 
Sometimes silk shreds are used instead of wool; the 
paper is then called a “ silk flock,” “ BanttaBies ” 
is a term applied to those paprs which are printed 
in oil colours, in contradistinction to distemper. 
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The best qualities permit of the surface being washed 
with soap and water. “ IKQSAINS ” are now largely 
used. They are made by adding colouring matter to 
the paper pulp, and when closely examined will ^ 
found to consist of small hairlike portions more 
strongly colbured than the remainder. They are used 
quite plain in various colours, and form an e.vcellent 
background for pictures. They are also made printed 
in various j^tems, usually of a simple character. 
Hand stencil friezes are now largely used with 
ingrains. The objection to all ingrained papers is 
that, being coloured by dyes, they do not hold their 
tints well. They are of an absorbent nature, and 
require considerable care and skill in hanging. 
Those having a white backing arc the best, as they 
prevent the paste, when applied, soaking through. 
A piece of English made paper incjisures 12 yds. 
long and is 21 in. wide when trimmed, i.e. when 
the marginal selvedge is removed, thus giving 
an area of 63 sq. it. or 7 sq. yds. Hence the 
number of pieces required for any particular room 
is quickly calculated l3y ascertaining the tot:d super¬ 
ficial area of the walls, although the exact quantity 
depends largely upon the size of the pattern, large 
patterns cutting to waste. French, German, and 
American papers arc now used to a considerable 
extent at home, and are sometimes made in English 
lengths and widths. French papers, if not specially 
produced for the English market, arc 9 yds. long 
and 18 in. wide, and the Unitcfl States papers 
are the same width and 6 yds. in length. 

The first operation of a paperhanger is to trim the 
paper. This is often done by means of shears, the 
roll of paper being held in the left hand and re-rolled 
as the edge is taken off with the shearh held in 
the right. Various machines and appliance.s foe 
trimming paper are more or less used, the most 
successful being one in which the pajier is held on 
a rod and rapidly re-wound on to another rod by a 
simple system of ban<ls, the edge being removed by 
two sharp discs held just in the proper place. By 
means of one of those machines a piece of paper 
may be trimmed in a few seconds. Another succe.s.'.- 
ful appliance for the purjjose is used alter the paper 
is pasted. It consists of a metal straight edge 
Laving a groove in 'ivhich runs a small appliance 
containing a sharp edged revolving wlieel. Tiie 
paper having been pasted, it is folded toward the 
centre, the pasted surface inward ; it i.s then placed 
against the straight edge, and is trimmed through 
the two thicknesses by a single stroke of the handle. 
The first process in hanging pajxjr is to remove the 
old paper, if there be any. Thi.-i is wetted and 
scraped oil, and the plastered surface of the wall is 
then repaired, where necessary, by means of plaster 
of Paris. In the cheaper class of pro))erty it is a 
common practice to paper a room without removing 
the old paper, so that in course of time there may 
be as many as a dozen different papers on the wall. 
This is a very dirty and unsanitary practice, and is 
forbidden in some cities by the local laws. In 
banging paper, the safest plan to follow is to strike 
a vertical line by means of a plnmlwb, a.s, if the 
door or window frame should not he quite perpen¬ 
dicular, it would lead to considerable trouble later. 
Sometimes the joints of the paper are lapped, that 
is, only one of the solvedgo edges is removed. I'his 
mars the appearance of the wall, and in all the 
best work both edges arc trimmed, giving what is 
known as a butt joint.” The paste used is made 
of wheat dour mix^ with boiling water into a stiff 
batter and stirred free from lumps. A small quan¬ 


tity of powdered alum is usually added to stiffen 
the paste and prevent it turning sour. Borax, 
copperas, or carbolic acid may be used for the 
same purpose. Formaldehyde is an excellent pre¬ 
servative of paste, and does not discolour the paper 
as alum is apt to do. The pasted paper is pressed 
to the wall by means of a clean cloth, but a much 
quicker way is to use a paperbangeFs brush, which 
has long flexible hairs, and by means of which 
the paper may be fixed in position with a single 
sweep of the arm. In high class work rollers of 
various forms arc used to press down the paper at 
the joints. The vaiious relief materials are as a rule 
fixed in }>OBition by means of paste, to which a little 
glue has been added. A good deal of judgment is 
required as to the length of time these materials 
should remain soaking after the paste has been 
applied, as. if too much time be given, there is danger 
of the relief being lost. The old fashioned white- 
wa-shed ceilings are rapidly giving place to pa^wred 
ceilings, special pujierhangings being made for the 
purpose, mostly in a very light pattern and of 
geometrical design. In other cases relief ceiling 
decorations are used with excellent effect, although 
the obje<'tion urged against them is that tlicy 
masquerade as plaster. The chief objection urged 
against all decoration done in portable material, 
such as wallpaper, etc., is that they show at a 
glance that they are not designed specially for the 
Xjositiou they occupy. To remove this difficulty 
various expedients have been tried during recent 
years, among them being one invented by Mr. 
Walter Crane, in which the joints, instead of being 
vertical, were zigzag or irregular, following the 
patterns in such a manner that they could hardly be 
seen at all when the pawr was hung. Quite a recent 
production in England, although known in the 
United States for many years, is the “Crown" 
frieze. It consists of a frieze design printed in 
continuation and forming part of the pattern be- 
neiith. In this case there arc usually three lengths 
to each roll of i>aper, and these lengths arc sutti- 
oiently long to be suitable for even a very high room, 
the lower xjortionsof course being cut to was-to in the 
case of low’cr aiiartinent,s. Another expedient of the 
same character was brought out in the year 1904 for 
the first time, and ciiiisists of a frieze printed in such 
a way that the lower portion is intended to be cut 
away clo.se to tlie pattern, so that the horizontal line 
scon in most friezes is absent.—A. S. J. 

Paper Joint {Pattern Malting). A pattern is often 
built lip of a number of small ]>ieces, arranged for 
convenience of working on a fiat surface. To facilitate 
the removal of the finished x>atteru, a sheet of paper 
is first glued to this surface, and the various segments 
or parts of the pattern are glued on to the paper. 
When complete, the whole pattern is readily detached 
from the surface by siditting the sheet of paper. 

Paper Mulberry {Botany). A Jai^anese tree 
Brovmmeiia jtapyri/ora (order, Moracete) whose 
inner bark is used in paper making. 

Paper Megatives {Photo.) Negatives taken on a 
thin and fine grained paper, which is coated with a 
sensitive film; for printing the paper is rendered 
transparent by treatment with oil or wax. See aluo 
Stbippinq Film. 

Paper Beale {Bng.) Various scales printed on 
paper are used by draughtsmen; they are cheap and 
convenient for many purposes, though not durable. 
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Paper SbiJei (,6eol,) Tory thinly laminated rock 
of argillaceous composition, in which the layers 
remind one of the leaves of a book. The sirnctare 
is doe to the slow and intermittent deposition of very 
fine mod at the bottom of water rarely or never 
afiEected by currents. 

Paper Yamlah (Z^oc.) The varnish used on paper 
varies in composition according to the quality of 
work, a mastic varnish bei^ considered best when 
its high price is not prohibitive. Bookbinders use a 
colourless varnish made by dissolving three parts of 
mastic in twenty parts of absolute alcohol and adding 
one part of bleached shellac. Ordinary paper varnish 
is made from Australian sandarach and Venice tarpen- 
tine in the proportion of five of the former to three 
of the latter by weight, dissolved in methylated 
spirits. A cheaper grade is made by substituting 
Burgundy pitch for the Venice turiientine. 

Papier Maohe. A material manufactured from 
paper pulp mixed with other substances, e.g. size. 
The pulp is moulded into various utensils and fancy 
articles, which are then dried and japanned. See 
aUo Stebbotypb. 

Pappns {Botany). An appendage in the form of 
a ring of hairs or scales round the top of a fruit. 

Papyrus. A sulistance made from the stem of the 
papyrus plant, and used by ancient nations, more 
especially by the Egyptians, as a writing material. 
The name is applied to an ancient mauuscript on 
papyrus. 

- {Arehiteet.) The plant was used in the 

mud and reed construction of the early Egyptians. 
In later EgyiAian architecture conve^itional repre¬ 
sentations of it are very common. 

Para-Amido-Phenol {Photo,) A concentrated 
solution of this, containing sodium sulphite and a 
caustic alkali, is sold under the name of “ Bodiual.’* 
Images developed with it appear quickly, but gain 
density slowly. 

OC-NH 

Parabanie Acid (6Am.) { >CO. 

OC-NH 

Also called Oxalylubea. A white crystalline 
solid; decomposes on heating; soluble in water 
and in alcohol; behaves like a dibasic acid; its 
alkaline salts are easily hydrolysed to oxaluric acid, 
ILNCONHCOCOOH. It is obtained by the action 
of nitric acid on uric acid or bromine and water on 
uric acid; arid synthetically bj' the action of 
phosphorus oxychloride on a mixture of urea and 
oxalic acid. 

Parabola. The plane curve produced if a cone be 
out by a plane parallel to the slant side of the cone. 
It may also be defined as the j)lane curve described 
by a point which moves in such a manner that its 
distance from a fixed point, the Focus, is always 
equal to its distance from a fixed straight line, termed 
the Dibbctbix. 

Parabolic Girder {Bny.) A girder whose profile 
is foimed by an arc of a parabola on one edge and a 
chord of the parabola on the other. This form is of 
uniform strength, i.e. the maximum stress is the 
same at every section of the girder. 

Parabolle Governor {Eng.) A governor {q.v.) 
with crossed arms. The path of the bails is approxi¬ 
mately a parabola as they fiy out from the axis. This 
form gives a very sensitive governor. See Qovbbnobs. 

Parabolic Mirror {Light), A mirror whose princi¬ 
pal cross section is an arc of a parabola. Light 


diverging from a point coinciding with the geometri¬ 
cal focus of the curve forms a pencil of parallel rays 
after reflection from the surface of the mirror. 

Para Compoonda ( Ghem.) The prefix para is us^ 
in two ways in chemistry. First, it is used to denote 
a substance which is a polymer of another substance. 
Examples: Paracyanogen and para-aldehyde, which 
are polymers of cyanogen and aldehyde respectively: 

C^, Cyanogen. (CjNj)^ Paracyanogen. 

CjH^O Aldehyde. .(0,H,0), Para-aldehyde. 

Second, it is used to denote any two diametrically 
opposite carbon atoms in the benzene riiig, and 
occasionally any two diametrically opposite carbon 
or other atoms in heterocyclic six membered rings. 


Examples ; 

CH 

CH 

BrC/ 

VCBr Paradibrombenzene. 

CH 

CH 

CH 

CH 

• lin 

H.,Nc/ 

\ 

\c . NH,. Paraphenylenediamine. 

CH 

CH 

C ‘ 

C 

< 

\o. Paraoxazine Ring. 

\._ 

0 

C 

c 

C 

''C- 

\08. Parathiazine Ring, 

c 

0 


160“ 

93“ 

38“ 

1 “ 

17“ 

36“ 

28“ 

10 “ 


Pskrafflns. Hydrocarbons of the general 

formula CuHsq 2 - Examples: 

Methane, CH^ .... Boils at 
Ethane, CH,. CH, 

Propane, CH,. CHj.CH, . 

I Butane, CH,, CH„. CH-CH, . 

I Isobutane, (CH.XCH.CH, . 

Pentane, CH,.CH,.CH,.CH,.CH, , „ + 

Isopentane. (CH,),0HCH,. CH, . „ + 

Tetiamethylmethane, C(CH,), . , „ + 

From the 16 carbon atom member upwards they are 
solids at the ordinary tem]^)eratare; the highest 
member yet prepared contains 60 carbon atoms, and 
melts at 102“. It will be noticed that isomerism 
begins at the fourth member; the number of isomers 
rapidly increases with the number of carbon atoms. 
See IsoMEBiSM. The boiling points of the isomers are 
always lower than that of the unbranched oliain. 
The isomers are named in several ways: (1) They 
may be named as derivatives of methane or ethane. 
(2) They may be named according to the mode of 
union of the carbon atoms. Where no carbon atom 
is united to more than two others we have the un¬ 
branched chain compound, or normal paraffin, or 
primary linking. When one or more carbon atoms 
are linked to three others we have the isoparaffins 
or secondary linking. When one or more carbon 
atoms are linked to four others we I'.ave the tertiary 
linking or ueoiwraffins. (3) They may-be named 
according to the Geneva system. See NOMBSCI.ATtrBB. 
lire paraffins as a class are distingnished by their 
great stability towards reagents; they bum in air or 
oxygen, and form substitution prodoots with the 
halogens, and some of the higher members are 
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oxidised and nitrated directly by nitric acid. See 
Nitration. The branched chain members are more 
readily attacked than the normal members. They 
are obtained by a variety of reactions, only a few of 
which can be given: (1) Heating the sodium salt 
of a fatty acid with soda lime. (2) The alkyl 
iodides may be rednced by the zinc copper couple. 
(3) Heating alkyl iodides with sodium, finely divided 
silver or copper. (4) Electrolysis of the potassium 
salt of a fatty acid. (6) Heating a fatty acid with 
hydriodic acid and red phosphonis. The paraffins 
occur naturally in a variety of ways; but the chief 
source is the natural or rock oil found in various p.ntB 
of the world—America, Eussia (Crimea and Baku), 
Oalicia, and many other places; they also occur in 
the tar from the distillation of bituminous shale. 
See also Methane, Pentane. Tlie lower boiling 
liquid mixtures are used for burning and for solvent 
purposes. See FLASHING POINT. The semi-solids 
are called Vaselines—used as lubricants and salves. 
The solid.s are called Paraffin Wax, and are used in 
candlemaking. Sec also Petroleum. 

Paragon Type of a size between great 

primer and double' pica. Sv Type. 

Paraguay Ten (Botany). See Ilex. 

Paraldehyde (Cheni.) See Acetaldehyde. 

Paraleucaniline (Clam.) The leuco-compound 
(q.v.) of Pabahosaniline (q.v.) 

Parallax. The apparent alteration of position of 
an object, relative to other objects, when viewed 
from different points. 

— (Aetron.) The angle between two lines 
drawn from a heavenly body to two places from 
which it can be observed. T’arallax is greatest for 
bodies nearest to the earth, least for the more distant 
ones, such as the fixed stars. 

——- (PJiys.) An apparent displacement of an 
object due to its being viewed obliquely; e.g. the 
needle of a galvanometer, etc., will appear to be 
displaced relatively to the marks on the scale fixed 
behind it if the observer’s eye be not immediately in 
front of (or over) the needle. 

-, Iitnnal (.A^trcn.) The angular displace¬ 
ment of a fixed star when viewed from different 
parts of the earth's orbit (i.e. at different time.s of 
the year). A fixed star is so distant that its direction 
appears the same when viewed from any part of the 
earth, i.e, it has no Geocentric Parallax ; but a sm.all 
displacement can be observed from opposite sides of 
the earth’s orbit; then taking the diameter uf the 
orbit as a base line and accurately measuring the 
angles which the apparent directions of a star make 
with this line at its two ends, the distance of a star 
can be calculated. The Annual Parallax of fixed 
stars is very small, rarely much more than 1 or 2 
seconds. 

Parallax Error (Phys., etc.) An error in reading 
the indications of an instrument, due to J’aballax 
(q.v.) 

Parallel. Two lines are said to be parallel if they 
lie in the same plane, but will never meet, however 
far they may Iw produced. Curves and surfaces are 
parallel when they are equidistant from each other 
at every point. 

— - ( Elect.) Two or more conductors are said to 
bo in Paballbl, Paballel Abc, or in Multiple 
C iBCUiT when one end of each of them is electrically 
connected to one conductor by which the current 


enters them all, the other ends being similarly con> 
nected to a conductor by which the current leaves 
them all. If r„ r^, r,, eto., be the resistance of the 
separate conductors, then their combined resistance 
B is given by the equation 


Parallel^iped. A solid bounded by six planes, 
opposite planes being parallel to each other. 

Papallel Ontter (Build.) See Box Guttbb. 

Parallel Motion (Eng.) A form of link w'ork used 
in beam engines to guide the bead of the piston rod 
in a straight line. 

Parallelogram. A four sided plane figure whose 
opixisile sides arc parallel. 

Parallelogram of Forces, Telooities, etc. If two 

forces, velocities, or other Vkctoe QUANTITIES (^.v.) 
be represented in magnitude and direction by two 
adjacent sides of a parallelogram, their Besultant 
is represented in magnitude and direction by the 
diagonal of tlie j)araUelogram. Thus if two forces be 
represented by the sides AB and AD of a parallelo¬ 
gram ABt’D, the resultant is represented by the 
fliagon.il AC. 

Parallel Print (Foundry). A CoBE Pei.st (s’.r.) 
msde without any Taper (q.v.) This is the case 
with prints which are to be withdrawn sideways from 
the mould. 

Parallel Ruler or Rule. A mechanical device 
used for drawing a number of lines parallel to each 
other. Its commonest form consists of two flat 
rulers, joined by two metal links of equal length, so 
that the four members f(jrm the sides of a parallelo¬ 
gram ; thus the two rulers always remain parallel to 
each other. 

Parallel Stripe (Carji., etc.) Winding Strips 
(q.v.) 

Parallel Vice (Eng.) A vice whose jaws always 
remain parallel, however far they are opened. 

Paramagnetic Substance or Body (Elect.) A 
substance which when iilaocd in a magnetic field 
tends to move from the weaker to the stranger part 
of the field, e.g. iron, steel, nickel, and cobalt. Bach 
Biib.stances have a I’ebmeability (q.v.) which is 
greater than unity. 

Parameters (M'm.) The parameters of any 
crystal plane are numbers which represent the 
relation of the intercepts of that plane to the inter¬ 
cepts of the unit plane, Thu.s if the lengt.hs of the 
intercepts of the unit plane on the axes ahe were 

1, 2, the axial relation of the crystal would be 
expressed a:6:c = •6:1:2; and if the actual 
lengths of some other crystal plane were 1, 1, 1, 
then the parameters of the second plane would be 
J, or 2, 1, or 4,2,1, being expressed in the 
pro[»ortional whole numbers. See Intercepts. 

Paranitranlline Red. See Dyes and Dyking. 

Parapet (Arehiteet.) A low wall constructed for 
the purpose of protection at the lower part of a 
roof, or at the sides of bridges, etc. See Battle¬ 
ment. 

Parapet Gutter (Build.) ' A gutter constructed 
behind a parapet wall. 
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PaFWOBaniUiie iChem.') 
HC^C,H,NH, HO. CA 






Colour Boae of Fararonniline. 
Paratrianiidotiiphesyl 
Catbiuol. 


Faialenoaniline. 

Lsuoo-oojDpoand of 
FataroaiuiUiDe. 

Paratriamidotrlpbinyl Mathane. 

FararoaaniUne H^nicblorido, 

Gommunly called Faiaroeaniliae. 

PararoBaniluie itself would be C^CgH.KH, , and 

\CeIl,: NH 

is unknown. Its hydrochloride is a dark coloured 
crystalline solid with lustrous green reflex; sparingly 
soluble in cold water, more soluble in hot water; 
soluble in alcohol. Its solutions are red ; it is a red 
dye; with exet^as o£ strong acids it forms yellow 
solutions. It is obtaincil by tlie action of hydro¬ 
chloric acid on the colour base. The latter is obtained 
in several urays: one of the most important is as 
follows: A mixture of aniline, jjaratoluidinc, nitro¬ 
benzene, iron filings, and hydrochloric acid is heated 
to alKvut 180”; the iron and acid form ferrous chloride, 
which is oxidised to ferric chloride by the nitro¬ 
benzene ; the toluidine is probably oxulised by the 
ferric chloride to paramidobenzaldehydc, wdiich con¬ 
denses W'itli two molecules of aniline to form paralen- 
cauiline, which is further oxidised to the colour 
base of pararosaniline, and the latter forms with 
hydrochloric acid the dye pararosaniline hydro¬ 
chloride. The colour base can be synthesised from 
triphenylmethanc by direct nitration with nitric acid, 
reduction of the trinit ro-compound with acetic acid 
and zinc, and preeijatation with ammonia, when 
the leuco-oom[>ound is formed; this on oxidation 
easily yields the colour base. When the colour base 
is diazotised with sodium nitrate and sulphuric acid 
it viclds a tridiazo sulphate, which on treatment w'ith 

alcohol gives tiiphenylcarbinol, OH . CgTJy 

XOgHj 

On boiling with hydroobloric acid it yields para- 

/CgTlgNH, 

diamidobcQzophcnonc, CO^ . On heating 

\c„HsNH, 

with concentrated hydriodic acid at 180°—200°, 
it yields aniline and paratolnidine. A number 
of important dyes are derived from pararosaniline 
by introducing alkyl and other groujvs in place 
of some or all of the hydrogen atoms of the amido 
groups. Examples; Methyl riote^ is the hydro¬ 
chloride of a mixture of peuta and hexamothyl 
pararosaniline. Cryttal violet is the hydrochloride 
of bcxamethylpararosaniline. Methyl green is methyl 
bexamethylpararosaniline chloride ; its salts decom¬ 
pose at about i2(f, losing methyl chloride and 
forming crystal violet. 

Para Rubber. See Gaoittchovc and Rubbeu. 

Paraieleua (^Meteorol.'\ See Halos. 

Parasite. An organism which derives its nutri¬ 
ment from other living organisms. Many plants are 
more or less parasitic in habit, e.g. the Dodder and 
Mistletoe. Cf. CouMrnNSAL. 

Paraiitea (^Foode). The chief parasites of animals 
whose flesh is used for food are the; (1) Tania 


tolium, causing the disease known as “ measly port," 
(2) Tania m^ioeanellata, which occurs in the flesh 
of cattle. (3) Tania eehinoooecut, which infects 
cattle, swine, and man, through the medium of water 
or raw vegetables. (4) Cysticerens cellulota, the 
cystic form of Tama soRum,, (6) Cyetieerevt hovis, 
the cystic form of Tania medioaanellata. (6) (^tti- 
eereut tennicoUie, chiefly infecting sheep. (9) Vyeti- 
eerent fisiformit, found principally in the peritoneal 
cavities of hares and rabbits. (10) JHstoma hepa- 
tlemi, the liver fluke of sheep. (11) Trichina 
spiralis, producing the disease known as trichinosis 
(12) Psorosvermia oeiformU, found in the livers of 
rabbits, and more rarely in the intestiues of cattle 
and sheep, causing the diseases known as coccidiosis 
or psorosijermosis. (13) Canurns cerebralis, found 
in the brains of sheep. (14) Strongyli rvfescens, 

I found in tbc lungs of sheep. 

I Parastata (Arclliteof.) A pilaster or anta, 

I Parchment. The skin of a sheep, goat, or young 
! calf, specially prepared and used for writing, printing, 

I painting, and taking proofs of engravings, etc. 

- Artificial. Another name for Pabchment 

j Papbb. See Cellulose. 

! Parchmpntlsing. The conversion of cellulose 
j fibre (cotlou wool, paper, etc.) into a substance 
j termed AuTiFiciAL Pakchment. See Cellulose. 

I Parchment Paper. See Cellulose and Papbb 
I Manufactubb. 

I Parclose or Perclose (A rehiteef.) (1) A closet. 

! (2) A screen or railing separating a chapel or tomb 
i from the body of a church. (3) A gallery front. 

\ Pardoe Machine iPrmt.) A rotary printing 
i machine invented by Pardoe & Davis. 

i Pargasite {Min.) A variety of Hobkblekdb 
{q.v.) of a greenish colour from Pargas in Finland. 
Also called Noble IIobxblekde. 

Parge, Parget (.Bf/i/tf.) (1) Plaster made of lime 
and cow dung, usevl for lining the flues of chimneys. 
(2) Plaster spread upon a wall or coiling. (3) A 
plastered surface with ornamental designs in relief 
or indented. This last is also known as Pargeting. 

Parhelia {Metrorol.') See Halos. 

Parian Cement. Is composed of a plaster base, 
j the gypsum oeing mixed with powdered borax. The 
mixture is calcined and subsequently ground. See 
also Cements, 

Parian Marble. See Mabble (Statuary). 

Paring (^Leather'). The paring down of leather to 
make it thin and suitable for bookbinding, etc. 

- or Scribing Gouge (Carp., ete.) A gouge 

having the bevel on the Inner or concave side of the 
blade. 

Paring Chisel (Carp, and Join.) A long and thin 
bevelled edge chisel. It is used by the ja-essure of 
the band alone, and never struck with a mallet. 

Paring Machine (Chew. Eng.) A special cutter 
for trimming the edges of the oil cakes (which are 
naturally still oily) after the cakes leave the hy¬ 
draulic press. The parings are re-ground and put 
into the “ kettle ” to be treated with &B8h seed. Sec 
Oils. 

Paris Green (Deo.) A name used in the United 
States for emerald green (q.v.) It is now pitaoipsRf^. 
used as an insecticide, particularly for destroying the 
“potato bug" or Colorado beetle. See SttUALD 
I Green. 
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Papkes'ProceH SeolJUk.x>. 

Parlando la a speaking manner. A 

somewhat similar direction to eantando or cantabile 
{qx.), bat more like a recitative. 

Parlantes {Her.) See Abhes Pablantes. 

Parqaet Floor (Carp, and Join.) A floor com¬ 
posed of thin layers of different woods, nsaally J to 
1 in. thick, formed into a pattern. See alio Patent 
Pabqust. 

Parsons’ Steam Turbine { Hus '.) Steam 
Tubbibe. 

Part {Arehiteet.) See MODULE. 

- {JIfueie). (1) A voice or instrument, as the 

tenor part, the violin part. (2) A portion of a 
composition. 

Parthenon {Architect.) The name by which the 
temple of the Qoddess Athena I'arthenos on the 
Acropolis at Athens is generally known. It wms con¬ 
structed during the Periclean period (460— 400 B.c.) 
from the designs of Ictinus and Callicrates, The 
Parthenon is an octastyle peripteral building, having 
seventeen columns on each flank. The top of the stylo¬ 
bate measures about 101 ft. by 22tf ft., and the columns 
are about 34-2 ft. in height. The cella (q.r.) is 
ampbiprostyle, and is divided into two parts; the 
naos, entered from the east, and containing the | 
statue of the goddess by 1‘hidias; and the opistho- j 
domus, which is separated from the nao.s and entered | 
from the west. This building is without doubt the 
finest example of Greek Doric, and is, in fact, 
generally admitted to be the ma.sterpiece of Greek 
architecture. See Akchitectuhb. Osdebb of ; 
Gbebk Auchitectube ; and Elgin Mabbles. 

Partial {Sound, Munic). The higher tones which 
are jtresent in a composite tone. See alxo IlAit- 
MOBics and Ovebtones. 

Partial Earth {Elect. Eng.) A fault in a tele¬ 
graph line or other conductor consisting of a partial 
connection with the earth. 

Partial Eclipae {Agtron.) This occurs when the 
moon does not exactly eclipse the sun. in the case of 
a solar eclipse ; and when the moon ttoes not com¬ 
pletely enter the earth’s shadow, in the case of a 
lunar eclipse. 

Partially Polarised Li^ht. An admixture of 
polarised and unpolarised light. 

Parting {Fvuntlry). (1) The joint between the 
masses of sand in two boxes in which a mould is 
made. (2) The formation of tliis joint. (.3) The sepa¬ 
ration of the different boxes containing a mould, in 
order to withdraw the i>attern. 

Parting Bead {Carp, and Join.) The bead let into 
the pulley styles to separate the top and bottom 
sashes in a cased frame. 

Parting Flaak (Met.) A flask with a small body 
and long narrow neck, u-sed for dissolving metals iii 
assaying. 

Parting Line {Fonndry). A line (sometimes 
^rked on a pattern) where the surface of the sand 
in each half of the mould is to come. 

jPartidg Piece {Carp, and Join.) The thin slip 
that prevents the weights rubbing against each other 
in the hexing of a cased frame. 


Parting Bing {Foundry). A large ring of iron 
carrying the upper part of a loam momd. By means 
of the ring the upper part of the mould can be lifted 
just as the top part of an ordinary moulding box is 
lifted. 

Parting Sand {Foundry). Dry, non-adhesive sand, 
spread over the surface of the sand where a parting 
occurs in a mould to prevent the upper and lower 
parts from adhering. 

Parting Tools {Eng., etc.) Narrow turning tools 
used only fur cutting through a piece of work 
(whether wood or metal) in the lathe. 

I Partisan or Partisan {Arme). A weapon some- 
j thing like a halbert in shape. It consisted of a broad 
i blade fitted on the end of a long staff and having two 
1 ornamental projections, one on each side of the 
: blade near the l^e. Introduced into England in 
the reign of Edward IV', Subsequently borne by 
! bodyguanhs as a mark of dignity. 

Party or Parted (&«r.) A shield divided down 
j the middle is parted per pale. Partition lines part - 
I ing the shield into ordinaries are thus described; 
j party per fesse, or per bend, or per saltire, etc. See 
under Hekaldby. 

Party Line {Elect. Eng.) A telephone wire con¬ 
necting several subscribers or several stations, as 
distingui.shed from a line which conncct.s one sub¬ 
scriber only with the exchange. See aUo Tele¬ 
phone. 

Party Wall {Build.) A wall separating two 
tenements. 

Parvis or Parvise {Architect.) {]) The open 
space round cathedrals and churches, jirobahly from 
parad 'ue (a g.irden). (2) A porch or entrance court 
to a churcli or other building, (3) A room over a 
church porch, such as that at S. Wulfram's, (.iraiithaiu, 
which contains a chained library. 

Passed for Press {Tgpog.) A proof with which 
the author is satistied is, on being received by the 
printer, said to be pas-sed for press. 

Passiflora {Botany). A genus of PitMifloraecee 
(Passionflowerfamily). Several species have editfle 
fruits, such as the Oranaailla, Sweet Calabash, and 
Water Melon. 

Parsing {Silk Manufac.) See Entbeing. 

Passing Notes {Husie). Notes foreign to the 
harmony, but coiineeling two harmony notes. VV'ith 
the exception given below, they always move by 
step in the same direction from one harmony note to 
another, andmay be either diatonic—Example 1 {a )— 
or chromatic {h) ; but if a chromatic jiassing note is 
introduced, the %icceeding passing notes should be 
by step of a semitone till the harmony note is reached. 
Passing notesmay be either on theaceented—Example 
1 (c)—or unaccented parts of the bar (a, b). 

Beethoven. 



.The exception to moving by step is, when the two- 
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harmony notes are a third apart the first passing note 
may leap a third and return to the harmony note, e.g. 



This is somewhat similar to changing notes, which, 
however, move round the harmony notes, e.g. 



Chopin’s Pianoforte 6tnde No. 2 (Op. 10) is full of 
chromatic passing notes and changing notes. 

Pasiione, Con {Mutio). With passion. 

PasaiTo Iron {Cliem.) See Ikon. 

Passometer (^Surveying). An instrument recording 
the number of paces taken in walking. The I'KDO- 
MKTSSB, which is capable of adjustment to the length 
of the step, will register the dittanee paced. 

Paste ( C'hem. Eng.) A terra a[)plied to the solid 
soap which separates from the loyes after cutting 
(g.v.) It is also applied to all finished soaps which 
are to be converted into toilet soaps b}- drying, 
perfuming, milling ($.?;.), and plodding (y.w.) 

- (Dee.) Paperhangers’ paste should be mafic 

from goofi wheat flour, the following being the 
method of mixing: Two pounds of flour are mixed 
with cold water into a stiff batter; all lumps are 
beaten out, and the mixture is further thinned with 
cold water and usually a little alum is added. Borax 
or formaldehyde arc preferable, and alum must not 
be used if the paste is ti) be used on papers having 
delicate colours. Upon the cold batter boiling water 
is floured, the pa.ste being stirred rajiidly until it 
begins to swell and thicken and to lose some of its 
whiteness. It is then cooked, but may be further 
thinned to make it spread easily. It is best not used 
until cold. When extra strong ftaste is required a 
solution of dextrine or British gum should be added. 
If it is to be used on pressed papeis it is usually found 
advisable to add instead a little glue. 

-f Eletd. Eng.) The active material (oxide of 

lead) applied to the surface of the plates or grids in 
an Accumulatoe (q.r.) 

- (Puttory). See IlAED PASTE; SOFT PASTE; 

and POTTEKY AND POBCELAIN. 

Paitel. See Paintino (Methods). 

Paste Points (I'yiiog.) A small fiat piiece of iron, 
with a pin or spur. 11 is used ffir securing register 
when printing on hand pressc.s. When the appliance 
is placefl in position, the spur protrudes from the 
tympan and perforates the sheet when the first 
impression is made. 

PasteoT'Chamberland Filter (TTygiene). Consists 
of a metal or glass case containing a tube or “bougie" 
of unglazed porous porcelain made of kaolin. It is 
capable of being fixed to an ordinary tap supplying 
water under pressure—not exceeding two atmu* 
spheres—which will force the water through the 
porcelain cylinders. The resulting filtrate is quite 
sterile; but it is necessary from time to time to 
remove the “ bougie ” and thoroughly cleanse it. 


Pastenritadon. Bee Milk. 

Paste Wash (Bind.) Paste that has been diluted 
with water; applied to leather bindings to form a 
suitable surface for the snbaequont application of 
gilt, Olaire (g.v.) is applied over the paste wash 
when the latter is dry. 

Pastoral (Art). The term applied to pictures 
after the style of Watteau and Boucher, i,e, in which 
conventional shepherds and shepherdesses figure. 

Pastoral Staff (Tier.) One of the insignia of a 
bishop and an abbot. They appear on some ecole* 
siastical shields. See Cboziee. 

Pasty (Met.) Iron is said to be pasty when it is 
in a viscous condition. This state is made use of in 
forging, where wrought iron is dealt with ; but cast 
iron which passes through a pasty condition in 
melting or solidifying is inferior to that which 
becomes fluid at once. 

Pat (Glass Manvfao.) A flat slab of fireclay, 
placed on a level with the lower part of the mouth 
of the pot. Upon this slab the pig rests. See Pot, 
Arch, and lie. 

Patchouli (Botany). The well known Hindu 
perfume is obtained by distillation of the leaves of 
the plant Pogostemon patehordi (order, Ldbiatee). 
The plant, which is found in Penang, Malacca, and 
Sylhet, grows to a height of about 2 ft. 

Paten. A metal plate or dish, e.g. the plate on 
which the bread is placed in Communion. 

Patent Driers (Bee.) A paste preparation used 
for adding to paint to facilitate drying. There are 
many different formulas, of which the following is 
given by nr.'‘st as an example: 15 lb. of dried zinc 
sulphate, 4 lb, of lead acetate, 7 lb. of litharge groun4 
with 8 lb. of boiled oil. To this mixture is added 
100 lb. of I'aris white, SO lb, of white lead, and 
sufficient boiled oil to make the whole into a stiff 
pa-ste. Paris white is afhled in onler that the mass 
shall not hartlen too rapidly. Much of the patent 
dryers sold posses.s very little drying qualities. It is 
important tliat these dryers shall not alter the shade 
of paint with which they are mixed. Manganese 
salte, e.g. the borate, are also used. 

Patent Fuel, Briquettes (Eng., etc.) Coal dust, 
etc., mixed witli some resinous or gummy substance 
to act as a binder, and compressed into blocks. 

Patent Glazing (Build.) There arc many kinds of 
patent glazing, but the principle is the same, i.e. 
there is no putty or other cementing material used, 
the ghiss being free to expand or contract. Bendle’a 
“ Invincible ” and Grover’s “ Simplex ” are well 
known examples. 

Patent Leather. See Enamelled Leather. 

Patent Parquet Wood abont ^ or ^ in. thick, of 
different colour.®, mounted on canvas by a secret 
process. At present it is only made in Milan, It 
has the advantage over ordinary parquetry in being 
portable, as it rolls uji and can be laid like linoleum; 
while in appearance and wear it is equal to, and 
undistinguishable from, the old solid hud parquet 
floor. It forms an ideal hygienic llcor covering. 

Patent Plate. See Glass Manutaothrb. 

Patera (Archa‘ol.) A shallow circular veasel 
somewhat like a saucer, used by the Greeks and- 
Ilomans for holding the wine at sacrifices, 

- (Architect.) A saucer shaped ornament. 
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Patetioo, Pathetiqae (Mmie'), Patbetio, 

Patlv Mean Piree {Pkyi.') See MxiaK Fbbb Path. 
Pathogenlo Bacteria. See Bactbbia. 

Patina. The line green, semi-transparent cmst. 
consisting of basic copper carbonate, wliich appears 
on the surface of copper and bronze when exposed 
for a length of time to the air. The effect is 
obtained artificially by immersing copper articles in 
a bath of acetic acid or other weak acids. The best 
examples of patina are found on ancient bronzes 
containing much tin and very little zinc. (2) The 
mellow lone assumed by the varui.sh on an oil paint¬ 
ing after a lapse of yearn; the mellow appearance of 
ancient marble statuary. (3) A shallow ba<on used 
by the Romans for domestic purposes. Cf. 1‘aten. 

Pattern {Fbvndry'). An ordinary pattern is a 
counterpart in wood of the external form of an 
object, and is used to form a cavity or mould in 
sand, which when filled a ith fluid iron will produce 
a casting of the required shape. Internal cavities 
and passages, etc., are not formed on the pfittcrn, 
but Me formed by Cobbs (y.e.) moulded separately 
and inserted in the mould. A core is held in place 
by inserting its ends in suitable recesses in the 
mould. These recesses are produced by projections 
on the pattern termed Core Prints. Thus a cylindri¬ 
cal hole in a casting will be indicated by two solid 
projections on the pattern. 

Pattern Makers {Eng.) The workmen who make 
the patterns from drawing.s furnhshed by the 
dmughtsmen. _ A pattern maker must po.s.ses<, in 
addition to his skill in wood working, an accursite 
knowledge of the processes of the fouudrj'. The 
trade is totally dhstinct from carpentry and joinejy. 

Pattern Shop {Eng.) The part of an engineerinir 
works where the patterns are <‘onstructed. It re¬ 
sembles an ordinary joiners’ shop in appearance and 
equipment. 

Pattinion’s Process (.i/i'f.) Lead. 

Pattinson’s White {Dec.) A basic chloride of le.ad 
obtained by treating chloride of lead wjtli lime. It 
is white, of good body, but lacks uuiformitv, and is 
now almost obsolete. 

Paul or Pawl {Eng., etc) A catch or small 
hinged piece of metal which engages with the teeth 
of a Eatchbt Wheel (g.v.) 

Paul Feed {Eng.) See Hatchet Wheel. 

Pause {Mu$ie), The sign /r. It denotc.s that the 
note or rest over which it is placed i.s to be prolonged 
according to the will of the performer (or conductor). 
If over a bar-line a i)ause shows that a stop is to Ije 
made before proceeding to tlic following passage, in 
contradistinction to attacca [q.v.) If placed over a 
double-bar when there has been a “ Da Capo.” it 
signifies the end,and corresponds to the word “ Fine.” 

Pavilion (Architect.) (1) An isolated edifice 
such as a ."imall bouse. (2) A hall of audience in an 
Eastern palace. {H) A light open structure, sueli as 
the building used on a cricket ground for the use of 
spectators, etc. (4) A strongly marked portion of 
the front of a building, the roof of which is kept 
distinct from that of the adjoining work. 

Paving {Civil Eng.) Covering for a road or 
footpath which is more durable, less absorbent, and 
more easily cleansed than a gravelled or macada¬ 
mised surface. The chief forms are Cobble^, Betts, 
Flacsto>-es, Wood Blocks, Bricks, and various 
compositions, such as Asphalt. Gbasolith, etc. 


Paving TIIm {SnUd.) Flat coloured tiles 3 in. 
to 6 in. square and thicker than roofing tiles. 

Paw {Her.) The foot only of an animal, generally 
extended or outstretched. 

Pawl. See Paul. 

P.D. {Elect.) A symbol for Potential Dippee- 
BNCE {q.V.) 

Pd. {Chem.) The symbol for PALLADIUM {q.v.) 

Pea {Botany). The seeds of this well known food 
plant, PiHurn mtmim (order, Legnminotee), are highly 
nutritious, in consequence of the large amount (some 
20 to 25 per cent.) of proteid they contain, whicli is 
called legnmin or vegetable casein. The plant also 
forms a valuable material for fodder. 

Peach. See Pbcnus and Woods. 

Peach Bloom {Dec.) This is not a very definite 
colour. A mixture usually employed is zinc wldte 
added to Venetian red or Indian red. 

^ Peachwood. See Dyes and Dyeing. 

Peacock Blue {Dec.) A deep blue of a somewhat 
greenish hue, but of no definite f«)mi»osition. Tl.e 
usual metliod is to mix cobalt blue with a little 
Chinese blue and white. 

Peacock Green ( Dec.) This colour may be made 
by mixing 60 iiarts of emerald green, 43 parts of 
Prussian blue, and 7 pans of white. 

Peaked Curve {Elect. Eng.) A form of alternating 
E.M. F. or current in which the curve i.s steciwr than 
a sine curve. This form of curve indicates that the 
third partial or com}H)ncut of the curve expressed by 
Fourier’s Scries {q.r.) is of impoi taiice. 

Pean {Eng., etc.) The Pane {q.r.) of a hammer. 

- {Her.) One of the lieraldic furs, the reverse 

of ernunoin, namely field sable powdered or. Siw 
iindtir Heraluhy. 

Pea Nut. See Ground Nut. 

Pear. See Woods and I’l'uufi, 

Pearl {Tyjfog.) Typ< between diamond and ruby 
in .size. See Type. 

Pearl Ash (6^Am.) Alkali. 

Pearl Eseence fO/zm.) A-z; Guanine. 

Pearl Spar {Min.) A synonym for Dolomite {q.v.) 

Pear Push {Elect. Eng.) A pendant switcli used 
for electric lights and belts, of which the casing is 
p<;ar shaped. 

Peasemeal {Foundry). Tliis i.s used as a coating 
on the surface of tl.e sand in coDiplioate<l moulds ; it 
is afterwards covered with blacking {q.v.) 

Peat. A dejMsit of dead v egetable matter which 
has been left for a long time under such conditions 
that bacterial action has not been able to bring 
about the reconversion of the tissues into their 
original components, t'Oj and water. The factor 
concerned seems usually to be the continued presence 
of a thin film of moisture on the dead matter, 
together with the absence of sunshine. Peat is used 
for fuel, litter, and also, in a compressed form, as a 
surgical dressing. 

Peck. See Weights and Measures. 

Peetollte {Min.) A hydrous sodium enleinm 
metasilicate, H/). Na„0.4CaO. 6SiO,. Pseudo- 
monosymmetric; usually fibrous, in veins or in 
radiating masses in basic eruptive rocks. White to 
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grey or brown. Ayrshire and Midlothian afford 
many localities. Also from Durham, Skye, Tyrol, 
New Jersey, etc. 

Peoolian (Typog.) Accented letters, signs, and 
special characters for which no provision is made in 
a compositor’s type cases. 

Pedal Feed Motion (Cotton Manvfac^ An attach¬ 
ment to a hopper feeder, and on the skutching 
machine, for giving a uniform supply of cotton or lap 
to tlie beaters. 

Pedalier (Muidc), A pedal board (see Obgan) 
attached to a pianoforte. 

Pedal, Pedal Point (Musie), A note continued 
either uninterruptedly or broken by short rests in a 
part irrespective of the harmonies above or below it. 
This note may be either at one pitch or changed 
with its octave. When the pedal is not the lowest 
part, but appears in an upper part, it is called an 
inverted pedal. The most usual notes for a pedal 
arc the Tonic and Dominant. 


of a long handle with a broad thin bead fitted into 
one end. 

Peeler (Met,) See Babble. 

Peeling (Print.') See Oveblay. 

Peeling of Paint (Dee.) This defect is dne to 
insufficient adherence between the paint and the 
surface to which it is applied. It is most commonly 
seen where the priming coat is mixed with coarsely 
ground pigment and an insufficient quantity of oil 
is used to properly penetrate the wood or cement. 
Sometimes one cr>at of paint will peel from another, 
and to prevent this it is adnsable not to allow too 
much time to elapse between the application of the 
different coats; in fact, one is tmst applied over 
another when the under surface is slightly tacky {g.v.) 

Peg and Cup Dowels (Eng.) Metal Dowelr 
(g.v.) used by pattern makers to connect two parts 
of a pattern which have to be separated in order to 
be Withdrawn from the mould. 


Pedals (Cycle). See Cycles. 

~—~(Mnde). (1) The keys of a pedal board. See 
Obgan. (2) Mechanical c<»ntjiv.mces attached ti> 
the pianoforte and harp and put into action by the 
feet. See MUSICAL iNSTKUMENTS—HABP (//. 429) 
and riANOPOETK (p. 431). 

Pedersen’s Frame (CyeUs). A light, rigid cycle 
frame, which has crons slay.s direct from the top of 
the iiead to the bottom bracket.^ 

Pedestal (AreMtert.) A feature introduced liy 
tlie Romans to give 
greater height to an 
order without in- 
crca.sing tho dia¬ 
meter of the column. 

It consists of three 
parts: base; die 
or dado; cornice 
or surbase, on 
which the base of 
the cohinui st.and.s. 

The .^nmc name is 
given to a similar 
form, used to sup- 
I)ort a statue or 
other ornament. 

- {Eng.) Tho 

support or I’LUM- 
MEB Block serving 
to siipjiort a shaft. 

Pediment (Architect.) The raking cornices and 
tympanum forming a termination to the roof of a 
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classical building. Similar forms are also used over 
door and window heads in Homan and Renaissance 
architectui'e, tho same name being given to them. 

Pedometer (Surveying, etc.) See Passometeb. 

Peel (Print.) A contrivance for hanging up 
printed work to dry on horizontal poles. It consists 


Pegmatite (6fcol.) A crystalline aggregate of 
rock-forming silicates, occurring in the form of 
irregularly lenticular masses traver.-ing gneis,s and 
similar rocks which have been subjected tf» differen¬ 
tial movepients at great depths within the Eartli’s 
crust while they were in a potentially molten state. 
Their essential mineral constituents are the .same as 
those of the rock in which they ottcur; but they are, 
as a whole, larger grained, which is especially the 
case towards the centre of the mass. At their outer 
surfaces pcgraatite.s graduate into the surrounding 
rock, jiartly through an interlocking of the crystals 
on either side of the boundary, and partly through 
the gradual diminution in the size of the crystals 
themselve.s. In no case is there a selvage of finer 
grained rock along the. plane of beparati»)u, nor any 
sliarp plane of demarcation between the pegmatite 
anrl its enclosing mas.s, such as exists in the case of 
most intrusive inashes. From this fact it is clear 
that the rock which encloses the pegmatite must liave 
been at about tbe same temperature as the latter at 
the time when consolidation took place. The mineral 
constitution of pegmatite varies with the composition 
of the parent rock. In gn«'is.«es, or gneissoid rocks 
allied to granite, the component minerals of tho 
pegmatite ^are cssenrially Quartz and tlie potash 
felspar Microcline. In the rocks of more basic com¬ 
position tiiese minerals are rexircscnted by Hornblende 
and the soda-lime felspar Oligoclase. In the case of 
pegmatites which have been subjected to crushing 
movements after the earlier stages of consolidation 
have been passeti, some of the MicrocUnc, in the one 
case, is changed to Muscov ite, and part of the Horn¬ 
blende, in the other, is changed to Bifitite. The 
structure of pegmatite is usually granitic (g.r.), m 
the minerals are generally allotriomorphic (^.r.) in 
relation to each other; but other structures m.^y 
occur in tlie acid pegmatites, of which the com¬ 
monest is that of Grapliic Structure. In thi.s, nume¬ 
rous ramifications from large exjjanses of Quartz 
crystals closely interpenetrate similar ramifications 
f rW equally large expanses of ciystals of Microcline. 
The resulting pattern reminds one of some forms of 
Oriental writing, whence the name Graphic Granite. 
I’cgmatites are of comsidcrablo importance from an 
economic point of view, not only as ornamental 
stones, but because such gems as the Topaz and the 
Emerald occur in them; and because, also, they yield 
many compounds of tlie rarer elements, such as 
Zirconium, Thorium, Cerium, etc.—J. G. G. 
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Pelagic {freol.') Belating to the deep sea. Cor¬ 
relative with Xhalassic and with Littoral, a.s referring 
to the conditions under which certain marine strata 
have been deposited. 

Peiaagie iArchUeet.') The art of Greece before 
the first olympiad (b.o. 776, the beginning of authen¬ 
tic Greek history) is known as I'elasgic art, os it was 
probably the work of the i’elasgi, the early inhabi¬ 
tants of Greece. The principal remains of Pelasgic 
art are : (1) Massive walls, formed of rough masses 
of rock, of rectangular blocks, or of polygonal blocks. 
(2) Underground chambers, such as thie well known 
“Tholos (or I’rcasnry) of Atreus.” This consists of 
a circular vaulted cliamber of stone, about 50 ft. 
diameter and about the same height, bniied under a 
tumulus, and reached by means of a stone walled 
passage or dromos iq.v.) (3) The Lion Gate at 
Mycenae. See Tholos. 

Pellet Moulding ( Areh t tect.} An en ric hed Norman 
monlding consisting of a series of small spherical 
forms in a hollow mould. 

Peltier Effect (JElect.) If a current flow across 
the junction of two metals, heat is either absorbed 
or liberated, according to the direction of the current. 
The amount of the heat developed or absorbed is 
proportional to the current, thereby differing from 
the heat produced in accordance with Joule’s Law 

(i/.r.) 

Pencil- A term sometimes applied to a small 
caraelhair bmsh. See i'E>X'lliss. 

- (^Lighf), A collection or “ bundle ” of rays 

of light, either parallel, convergent, or divergent; a 
narrow beam of light. 

Pencil Oaage {Join.’) A small piece of wood, 
notched, and ase<l to guide a pencil when marking 
a line parallel to the edge of a piece of wood which 
is to be chamfered. 


shape be free to swing about a friotionless support 
{e. 0 . knife edges) at A, then it will oscillate in the 
same time as a simple pendulum of lesser length, 
AB. The point A is termed the Cbntbb of Suspen¬ 
sion, and B the Centbb of Oscillation. These 
two points are interchangeable, so that 
if the l»ody be suspended from B, then A 
becomes the centre of oscillation. If 
the body be struck a blow at its centre 
of oscillation, it will turn about its axis 
of suspension, but there will be no pres¬ 
sure produced at the axis. From tfosfact 
the centre of oscillation is also termed 
the Centbb of Percussion. The time 
of a complete vibration of a compound 
pendulum is given by the equation 

Fbmduldu. 


in which T is the time in .seconds, K the Moment of 
Inertia of the body about the axis of suspension, and 
C the ratio of the restoring oouple exerted by gravity 
on the body when displaced tlirough a small angle, 
to the angle through which it has been displaced. 
Let m be the mass of the body, O the Centre of 
(Jravity, and let the distance AO = A; if ^ = the 
angle through which the body is turnc>d, the force 
doe to gravity is mq, acting through O, and its 
moment about A is mgh sin 0 . I'hen 

p _ ^ 

_ 

or C ^ mgh if ^ be a small angle. Let the moment 
of inertia about an axis through O be nik^ ■ then the 
moment of inertia about an axis through A is 

K. mk^ + mh* 

The lime of vibration is therefore 

T « 2ir * / 

V vigh 




Pencils {Dec.) Small brushes used by decorators 
and sign writers, of various forms, providefl with Jong 
handles. When the pencils arc held in a quill ferrule 
the sizes are indicated by the size of quill, such as 
crow, duck, goose, swan, etc. Red and brown sables, 
camelhair writers, and short .sables a-e the jirincipal 
pencils used by the decorator. See I’aintebs’ 
Brushes. 

Pendant {Architect.') A hanging ornament used 
in the roofs and vaults of I'erpendicular Gotiiic 
arcliitecture. Sec Fan V.\ultino. 

- {Build.) A bracket or apparatus hanging 

from a roof or ceiling for ligliting by gas, etc. 

Pendentive The portion of a circular 

dome which descend.'! into a corner of the square 
over which the dome is constructed. Circular domes 
arc constructed over square spaces in this manner in 
Byzantine architecture {q.v.) 

Pendulum. A Simple Pendulum consi.sts of a 
heavy particle, suspended by a weightless and abso¬ 
lutely flexible thread. If tiie pendulum swing 
through a small arc, the particle will describe 
approximately a Simple Harmonic Motion {q.v.), and 
ttic time of a complete vibration is given by the 
ettpatioD 

where I is the length of the pbndulum, and g the 
acceleration due to gravity. If a rigid body of any 


T = 2®- * / Ejt 

V gh " 

It thus swings in the same time as a simifle pendu. 

lum of length Katbb’s Pendulum consists 

h 

of .a bar furnished with two sets of knife edges, one 
or both of wliich can be adjusted in position. 
I'osition.s are found by trial, in which the time of 
vibration of the pendulum is the stime about both 
knife edges. The distance between the edges is then 
equal to the length of the equivalent simple pendu¬ 
lum, and if the time of swing be correctly known, the 
value of g can be obtained with great accuracy. A 
very small difference in the times of swing about the 
different knife edges can be allowed for in calculating 
the results. As the time of sw'ing of a pendulum 
depends upon its length, it is important in the ease 
of clocks that tliis shall vary as little as possible; to 
ensure this result. Compensated Pendulums are 
u.sed, IIabbtson’s Gridibon Pendulum has the 
bob suspended by a framework composed of iron and 
brass rods, so adju.sted in length that the expansion 
of the brass rods raises the l)ob as much as that of 
the iron rod lowers it, the effective length thus 
remaining constant. In other ca.ses the framework 
is superseded by concentric tubes of iron and zinc, as** 
in the case of the clock at the Houses of Parliament. 
In the Mebcubial Pendulums of Gbaham and 
Dent the bob consists of a tube containing meronry, 
whose upward expansion counteracts the downwa^' 
expansion of the rod. 
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Pendulnm Qoveniov ordinary governor 

is often so called, llie binged rods carrying 
the balls axe aometimes termed pendniams. See 
GoTBBNoaa 

Pendnlom Spring (Cloelte). A short thin flexible 
strip of steel supporting tlie pendulum, and contain* 
ing the centre about which it vibrates. 

Pane* See Fake. 

Penetration Twins {Min.') Twinned crystals which 
have no common plane and which mutually penetrate 
each other. The part in common has a very complex 
molecular etmeture, but the free portions retain 
the symmetrical arrangement. See Twinniho. 

Penistone Fl^stones. Sec Building Htoneb. 

Pennon. A small narrow flag terminating in either 
one or two points, formerly carried by knights at the 
end of their lance or spear, and usually bearing a 
device or the arms of the knight. 

Pennyweight. See Weights and Measubbs. 

Penrith Bandeione. See Building Stones. 

Penstock. A trough or conduit for water, made 
of boards. The sluice above a water wheel. 

Pentachord (Music). A succ&'sion of five diatonic 
sounds Bcalewise. 

Pentamethylenediamine (Chem.) See Cadate- 
KINE. 

Pentanes ( CJum.) CjTI Tlierc are five compounds 

of this formula; their namc.s, constitution, and 
boiling points are given under^ Fabapfins. They 
are all colourless liquids of agreeable smell, and 
possess the general properties of the I'arafflns. 
Normal pentane burns witli a luminous flame, and 
is used as a standanl light in testing the illuminating I 
power of coal gas. 

Pentane Standard. A light obtained by burning 
pentane (?.».) in a iKirticuhir form of lamp, to serve 
as a standard of illumination in photometric work. 
The Ilarcourt Lamp burns one volume of liquid 
pentane to 676 volumes of air; the tnirncr is ^ in. 
diameter an<l the flame 24 in. liigh ; the light is then 
equal to one British Ktandard Ciindle {fi-r.) 

Pentaptych (Arf). A painte<l or carved panel or 
screen, consisting of five h'aves, which fold over eacli 
other. C/. TaiPTVt'H. 

Pentastyle (Architect.) The name given to a 
temple which has fi\;c columns in the front row. Sec 
HBXASTTLE, OCTABTyLE, ri.STVLE, and DECASTYLE. 

Pentelic Marble. See Maeblb, Statuary. 

Pentosans (Chem.) Anhydride-like derivatives of 
the Pentoses. 

Pentoses (Chem.) Sugai-s containing five carbon 
atoms. Examples are arabinosc ( q . v .), xj lose (2-».) 
See also SUGARS. 

Penumbra. The partial shadow beyont,! and 
adjoining the total shadow which is caused by an 
opaque body intercepting light froni a luminous body. 
In art, the point or boundary at wliich light blends 
with shade. 

_ (AHron.) A li.-vlf shadow which surrounds 

the deeper shadow of tlic earth: the umbra of a 
sunspot or tlio shadow of the moon. 

Peplnm (Archaol.) A cloak or shawl longer and 
‘of finer material than the pallium ( q . v .), worn by 
Greek Koman women. 

Pepper (£otmy). The dried unripe berry of Piper 
i(^ru)n (order, Piperueete) constitutes Black Pepper, 
and, on removal of the rind. White Pepper. 


Peppennlnt (Potany). The essential oil is dis* 
tilleu from the leaves of the fresh plant Mentha 
piperita (order, Lahiata). See Jj^lAVM. 

Pepsin (Chem.) That constituent of the gastric 
juice which hydrolyses proteids, converting them 
finally into peptones; it is a solid precipitated from 
solution by ammonium sulphate. It contains carbon, 
hydrogen, nitrogen, oxygen, sulphur; but nothing is 
known of its chemical constitution. 

Peptones (Chem.) The final products of hydro¬ 
lysis of proteids by pepsin; they can also be 
obtained by hydrolysing proteids by dilute acids or 
by superheated steam. Soluble in water, insoluble 
in alcohol, easily diffuse through animal membranes, 
give the Biuret reaction, give precipitates with the 
^kaloid reagents, not coagulate by heat. 

Pep (Music). By, 0 , 8 per recti et retro, by forward 
and backward motion. Dr. Crotch’s Double Chant 
in G is a good example, w'here Part 3 is the reverse 
of Part 1, and Part 4 the reverse of Part 2 in all four 
voices. 

Percapbonates (Chem.) See Potassium Com¬ 
pounds. 

” Pepeente.ge Conduetirity (Elect, Eng.) The 
ratio (expressed as a percentage) of the conductivity 
of a given copper wire to that of a similar wire made 
of pure copjier. 

Perching (Le^atker Manvfac.) A similar process 
to staking, imt in perching the skin is fixed to a 
)iori*ontal pole (the perch), and is worked over on 
the flesh side with a ‘'crutch stake," a tool fixed on 
a handle like a crutch. 

Perchlorates and Perchloric Acid ( Chem.), RiClO,. 
The perchlorates are salts of pci-ohloric acid. The 
acid is a white crystalline solid which melts at 16°, 
It is deliquescent; forms a hydrate with one mole¬ 
cular proportion of water. It decomposes on keeping 
and with explosive violence on heating or on contact 
with organic matter. It is obtained by distilling 
potassium peichlorate with concentrated sulphuric 
acid. It is a monobasic acid; its most important 
salt is potas.'sium perchlorate, KCIO,. The salt is 
obtained by heating potassium chlorate till it has 
lost about a fifth of its oxygen, when it forms a 
nearly solid mrtss. Tlie mixtui© of chlorate, per¬ 
chlorate, and chloride is washed with water to 
remove chloride, then warmed with hydrocldoric 
acid to decompose chlorate. From the residue pure 
potassium perchlorate can be obtained by crystallisa¬ 
tion. It is a white crystalline solid, isomorphous 
with iiotassium permanganate, sparingly soluble in 
water, insoluble in absolute alcohol. 

0 

• li 

Probable constitution, 0 = Cl — OK. All other per¬ 


chlorates are soluble in water. All perolilorates on 
heating give a chloride und oxygon. They are not ' 
reduced by sulphur dioxide. 

POPClOBe. See PABCLOSE. 

PevenSBion (Music). See IIabmonium, p. 442. • 

_, Centre of (Phys.) See Pendulum. 

Perdendosi (Music). Gradually softer and 
slower. 
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Perennial (Botany). Living more than two years: 
the term may be applied to a plant as a whole, or to 
oertain parts, e.g, the root or stem. A plant whose 
stem dies down annually, while the roots remain 
alive, is termed a Hebbacbous Pehexnial. 

Perfect (Mime). A term applied to the intervals 
of the 4th, 6th and octave. Perfect intervals are so 
called beoanso they are changed from consonant to 
dissonant intervals when augmented or diminished. 
This is not the case with the other intervals: 2nds 
and 7ths are dissonant intervals in both the major 
and minor form, whilst 3rds and Cths are consonant 
intervals in both the major and minor form. Ser also 
CONCOBD and Ikteeval. The term is also aisplied 
to the cadence having the chord progressions 
Dominant to Tonic. See Cadence. 

Perfect Cadence (Mntic). Sec Cadence. 

Perfect Engine (Bhy*.) A theoretically perfect 
engine is one which converts a certain deliuite 
fraction of the heat supplied to it into mechanical 
work. K W be the work done, H the beat siijjplicd 
(measured in mechanical nnits), 0, and 0. the absolute 
temperature of the working substance at the time 
that it enters and leaves the cylinder rc.spectively, 
then 

W 0, - 0., 

n 0, 

Thus, if the working substance enter a cylinder at 
200" C. and leave it at 100“ C., we have = 273 + 200 = 
473®. 0^ = 373, and a perfect engine will convert the 
fraction of the energy supplied to it in the form 
of heat into mechanical wor^ This fraction or 
ratio is termed the Efficiency of the engine. 

Perfecting Engine (Pajfer 2Janvfae.') A conical 
shaped vessel, fitted internally with revolving knives, 
used for beating pulp. 

Perfecting Machine (Print.) See Typography. 

Perfect Paper (Print.) Pieams made up to the 
full number of 616 sheets. 

Perfect Up (Print.) Printing the second side of 
a sheet of paper. 

Perforated Bars (Lace Manufar.) Thin ribbons 
■of the highest quality of steel, in thicknes.s 100 and 
upwards to the inch. Holes are pierced in them at 
certain well defined and accurate distances for the 
reception of the warp threads. Invented by Mr. 
(afterwards Sir James) Oldknow to supersede bars 
with attached guides. 

Perforated Bricks (Build.) Brick.s having a 
number of boles through them; used for ventilation. 

Perforated Pulley (Eng ) A pulley whose rim is 
pierced by a number of small holes; tliese holes 
allow the layer of air which is enclosed Ijetween the 
belt and the periphery of the imlley to escape, and 
bring the belt into closer contact with the metal, 
thereby diminishing the amount of slip. 

Perforator (Meet. Eng.) The instrument used 
for perforating or punching the holes in a paper 
strip used for transmitting messages by automatic 
tclegrapliic instruments (Morse, etc.) 

Perianth (Botany), The outer floral leaves in the 
flower. It usually consists of an outer green calyx 
and an inner coloured corolla. 

Pericarp (Botany), The term applied to the 
wall of the ripened ovary in the fruit. In the 


“stone fruits,” such as cherry and plum, it is 
divisible into three layers: the rind, or epicarp; 
the palp, or mesocarp; the stone, or endocarp. 

Perielase (Min.) Native magne.sia, MgO. Cubic, 
in dark octahedra and greenish grains in metamor¬ 
phosed limestone from Monte Somma. It usually 
contains traces of ferrous oxide. 

Perlollne (Min.) A variety of Albite (g.v.), twinned 
in a particular way, in white turbid crystals elongated 
along the b axis. 

Peridot (M>i.) A synonym for Olivine. Peridot 
is oue of the names by which jow^dlers designate 
Olivine. 

Perigee (Atfron.) The Sun (or Moon) is said to 
be in I’cjrigeo wlien its distance from the Earth is 
least. <y. Apogee. 

Perihelion (Aitfron.) Tim position of the earth, 
planet, or comet when nearest to the sun. 

Period (Musie). A complete musical sentence 
divided into t wo parts at least, the former of which 
gcneially ends witli a half close or some form of 
middle (•adence, and the latter with a full cadence. 
Tlie subdivisiou.s arc called phrases. 

- (PJiys.) The time occupied by a complete 

mmement or cycle of operations; e.g. the time of 
swing of a pendulum, or the time taken by a com¬ 
plete alternation of an alternating electric current. 

Periodatea and Periodic Acid. (Ckem.) Tlie 
normal periodic aciil HIO, is an unstable solid 
obtained by beating orthoiwriodic acid at 10(1“ under 
very low pres.sure (15 mm.); it decomposes on 
further heating into the iwatoxidc, water, and 
oxygen, without forming the heptoxide 1,0^ which 
coiTO.'-ponds to this acid, ttrtimperiodic acid, HsIO,, 
the common acid, is a wliiie crystalline solid whioli 
melts at 13.T, and decomposes at 140“ like the normal 
aciil. It is obtained from its disilver salt Ag.,II,l()„ 
by acting upon it witii uater, 6Ag iJjIO^ = Sll/lO^ + 
2AgjlO„. Many iieriodates arc known, and they can 
all be regarded as derived from various hydrates of 
the heptoxide T..O,: 

1,0, + HjO = 2nio, 

Motaiieriodic Acid 
(Nonual Acid). 

1.0, + 3H,0 = 2H,I05 

McBuperiodic Acid. 

,0 = 21I.jIOb 
O rtboiieriodic Aeid. 

Sodium orthoperiodate is obtained a.s a sparingly 
soluble solid by passing chlorine into a mixture of 
sodium ioclate and hydroxide dissolved in water : 

NadjOg 6NaOH + 2t'l, - 4NaCl + 2Na,HJOe. 
The silver salt referred to above can be obtained 
by suspending this sodium salt in water; add just 
enough nitric aeid to dissolve it and then silver 
nitrate, when the pale yellow disilver hydrogen 
periodate separates. The salt AgjIOg is a bl^k 
crystalline powder. The periodates when heated 
give oxygen and an iodirle. 

Periodic Current. An Altebnating Cuebent. 

Periodicity (Pkys., Meet. Eng., etc.) The Feb- 
QiTENCY (q.v.) of any recurring operation. 

Periodic Motion (Phya., etc.) A motion which is 
repeated in definite regular intervals of time, e.g. the 
swing of a pendulum or the vibrations of a sounding 
body. 
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Periodio Pertorbationi (Artron.) Blight diBtarl> 
anoes in the position of the Earth in its orbit which 
take place periodically. 

Periodic Syctem. A method of arranging the 
elements so as to exhibit their properties as a periodic 
function of their atomic weights. All the commoner 
elements are included in the subjoined Table 1, 
arranged in the otder of their atomic weight s. A very 
few of the loss common elements are included for 
reference. Where dashes occur, rare elements are 
known which take these places; where no element and 
no dash occur, there is either no element known at all 
or the place has been assigned to some imperfectly 
studied element. Hydrogen is omitted, as it dues not 
fit into any group at the present time. Tiie vertical 
rows will be referred to as Rebibs, the horizontal rows 
as Gboups. a group contains allied element.^. Each 


abscissae and melting points as ordinates, a series of 
alternate minima and maxima are obtained, and the 
elements which form the minimum and maximum 
points are all in Groups I., IV., VIL, or VIII. 
Example : 

Minima Li F Cl Br Cs 

Maxima C Si Mn Bu 

In the first two series the maxima are in Group TV.; 
these two series are called Shobt Sebieb ; series 8 
and 4, 5 and C, 9 and 10 are called LOKO Bebies, and 
between the two series which compose a long scries 
arc the so-called Tbansitionae Elements —groups 
of three elements, the members of whicli are closely 
allied to each other. Besides the periodicity of the 
melting point, the atomic volumes of the elements 
vary periodically with the atomic weights, and in such 
a way that generally the atomic volume is a minimum 
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Tablx 1. 


group can be divided into two Ritb-Geotips, each 
containing elements more closely allied to each other 
than they are to the other members of the group. 
For example, in Group II. Calcium, Btrontium, Bjurium 
are very olo.sely allied to esich other, and they con¬ 
stitute the odd series; while Magnesium, Zinc, 
Cadmium, and Mercury are fairly closely allied ; and 
there is a general resembhance between all the 
members of the group. The elements are also 
arnuiged fairly well according to their valency, as the 
table shows. 


Fokmula. 
(a) Of Oxides. 

Group I. R.,0 

II. *r;o,, 

III. R,0, 

IV. ROj, 

V. 1L0„ Rpi . 

VI. R,0, RO, 

VII. R O, RjO, 

When a curve is drawn having 


(h) Of Chlorides, 
RCl 
. RCL 
RCL 
RCL 

. . RC1„ ftClj 

RCl., RCL 
RCl, RCV 
atomic weights as 


where the melting point is a maximum, and vice 
ver»a. Other properties of the elements are also more 
or less pericHlically variable with the atomic weights, 
such as the heat of formation of the halogen salts ; 
also the spectral lines of elements in tlie same gronp 
show relationships, c.g. those of Magnesium, Calcium, 
and Btrontium, and those of Zinc, Cadmium, and 
Mercury of Group II. The system also divides the 
elements into metals and non-metals fairly well; if 
a triangle be drawn between the points A, B, O in 
Table 1, it, includes the Non-Metals and two metals 
Chromium and Manganese (as l^ble 2). Cbromiuip 
resembles the non-metals in its trioxide_ and com¬ 
pounds derived from it, and manganese in forming 
permanganates which are isomorpbous with the 
perchlorates. The new elements of no valency 
must be regarded as forming transitional elements 
between the strongly basic elements of Group 1. and 
the strongly acid elements of Group VIL; thus 
before Lithium comes Helium, and between Fluorine 
and Sodium comes Neon, between Chlorine and 
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Potassinm Argon, between Bron^ne and Bnbidium 
Krypton. The system is not by any means perfect. 
Tellurium must be placed in Oroup VI., although it 
has a bmber atomic weight than iodine; Manganese 
is out of place in Oroup Yll.; Argon must be placed 
before Potassium, although it has a higher atomic 
weight than the metaL The periodic system has 
been of use in controlling atomic weights and in pre¬ 
dicting the existence and even the properties of new 
elements. Many attempts have been made to account 
for the periodicity of the properties of the elements; 
one of the most recent of these, due to Professor 
Emerson. Beynolds, will be found in the Chemical 
Society’s Journal for 1902, p. 612; an account of 
the most recent .attempt, due to Professor J. J. 



Thomson, will be found in TJie Becent Bmelopment 
of Phytxml Seienoo, by W, C, D. MTietham, p. 268. 

Peripheral Yelocity. The linear velocity (y.v.) 
of a point in the circumference of a revolving wheel, 
etc,, as distinguished from the angular velocity of 
the wheel. 


acids in presence of the anhydride of the acid. This 
is Perkins’ Beaction. The acid anhydride vrithdraws 
water from the aldol compound formed by the union 
of the aldehyde and fatty acid salt. Example: 

C.U ^ + CHgCOONa » C,n,C<^ CHj. COONa 

Bsozaldebyde. Sodinm Acetate, 

/on 

CgHjC C^OHjCOONa-HjO-CgHjOtt-Cn. COONa. 

Bodinm Ciniuunate. 

The reaction has received many applications; dibasic 
acids may be used as well as monobasic acids, and 
"the acid anhydride need not be that cor¬ 
responding to the acid salt. Other ex¬ 
amples will be found under CoVHABlifr 
and NAFHTHAIiKNEl. 

Perlite A/sf.) Ibok. 

- {Geol.) A variety of vitreous rook 

of eruptive origin which has cooled in 
such a manner as to form a series of curved 
cracks, which break tho rock up iuto small 
spheroids, the “ pearls.” 

Permanent Hardness. See Water, 
Calciitm OoMPoirNOs, amd Clabk’s 
Pkocess. 

Permanent Load {Eng.) (1) A load 
on any slructnre which is unvarying in 
amount or po.«ition. (2) The constant 
work performed by an engine or motor. 

Permanent Magnet. See Maomet. 

Permanent Bet {Eng.) When any body 
is strained beyond its elastic limit {q.v.% 
and therefore does not recover its original 
form or dimensions when the stress is 
removed, it is said to have received or acquired 
a permanent s<‘t. 

Permanent Way (Civil Eng.) The ordinary 
railway track, consisting of Ballaht, Bails, and 
Hleepers, laid on ,* properly prc'pared surface or 
formation level. See aUo Bailwats. 


Peri-Positlon /Sue Naphthalene. 

Peripteral (Areliiteet.) The name given to that 
form of temple which is surrounded by a range of 
columns. See Pseudo-Pebiptebal. 

PeriMope (Opties), An optical device by which 
a view in a horizontal direction may be obtained by 
looking through a vertical tube. Such a device is 
used on submersible boat.-, to enable a look out to be 
kept when rnnning just below the surface of the 
water, 

PerUeopie Lens (Light). A Meniscus Lens 
(g.v.) 

Perisierite (Min.) A variety of albite showing a 
play of colours. 

Peristylium (Architect.) A court or square having 
a colonn^e on each of its four sides. This colonnade 
and also a colonnade surrounding a temjde are 
known as peristyles. In a Roman house tho peris- 
tylium is the inner court, and, like the atrium, the 
central part of It is open to the sky. See Colon¬ 
nade, Pohtico, and Pteba. 

Perkins* Renetlon (Ckem.) Aromatic aldehydes 
xmdergo condensation with sodium salts of fatty 


Permanent Way Crane (Eng.) A crane mounted 
on a railway trj.ok. Used for repairs to a line and 
removal of debris after an accident. 

Permanent Yflilte (Dec.) The best quality of 
artificial barytes or blanc fixe (q.v.), which, when 
ground in water, is quite permanent. When used in 
oil, one part is mixed with two jiarts of oxide of 
zinc (q.v.) 

Permsmganates (Chem.,) See Manoanebe Com¬ 
pounds. 

Permeability, Hatfnetio (Elect.) The ratio be¬ 
tween the unmbei of lines of force (per unit area) 
running through a piece of magnetisable material— 
i.e. tho Magnetic Induction B—and the Maonb- 
TiBlNO Foecb H which produces them. The per¬ 
meability ft is thus given by the equation 

B 

For non-magnetic materials B is practically unity. 
For iron, etc., its value variee*Veiy. greatly, and 
depends on the magnetisation, decreasing as the 
latter increases. It is also affected by the previous 
treatment of the iron. The following values of the 
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permeability for different values of B are given 1>7 
Hopkiuson for a good specimen of annealed soft 
iron i 

B 


6.000 

3,000 

10,000 

2,000 

16,000 

626 

20,000 

30 


Permeunetep iJSleat. Eng,') A simple form of 
instrument for measuring the PEBitEABlLiTV iq.v.) 
of a bar or rod of iron. 

Permeaiuuioe {Bleat.) The reciprocal of the 
Reluotakce iq.t.) 

Permian ( Oeol .) A scries of rocks in which the 
prevailing colour is red, occurring in the kingdom 
of Perm, in Russia, and usually regarded as per¬ 
taining to a geological horizon intermediate between 
that of the Carboniferous and the Trias. Tiie 
rocks in Britain called by this name belong 
partly to the Carboniferons Rocks (stained red by 
infiltration of iron from the New Red Rocks), partly 
to a separate formation, which forms the lower part 
of the New Rod Bocks, and is virtually conformable 
to the overlying Trias, and at the same time is 
violently unconformable to all the rocks older than 
itself. This formation was for a long time called tlie 
Lower New Red, or Dyas, and the former name is 
now coming again into general use. Where the Lower 
New Red is typically developed, as in Nortli West¬ 
morland, it consists of three members: the Penrith 
fiaudstonc, with associated breccias at the base (all 
of desert origin); above that, the Plant Beds end 
Marl Slate; and, finally, the Magnesian Limestone. 
The Bunter Marls which succeed belong to tlie 
Trias, and lie with a slight nnconformlty upon the 
beds below. In (lermany, where these rocks attain 
considerable commercial importance on account of 
the occurrence in them of Gypsum and Rock Salt, 
copper is worked in the Marl Slate, which lies 
ni)on the Unter Rotbeli^ende, one of the higher 
members of the Upper Carboniferous Rocks of those 
parts. The most conspicuous member of t lie so-callcd 
Permians in Britain is tiic Magne.sirin Limestone, 
which yields an interesting suite of marine fossils. 
In the Alps and in the Mediterranean countries the 
equivalents of the Jjower New Red, Dyas, or “ I’er- 
mian” arc of marine origin, and jield, amongst 
other fossils, a large number of species of the 
earliest types of Ammonites. 

Pernot’s Revolving Furnace {Met.) A furnace 
with a fiat but slightly sloping hearth, winch revolves 
slowly, thus thoroughly mixing the molten metal 
and exposing it to tire action of the flames. It is 
used on the ContinentT'for steel making by an Open 
Hearth Pbocess {q.u.) See also Metallubgt. 

Perpendloalar. (1) At right angles to a line or 
plane. (2) Often used as synonymous with 
VBBTICAl.. 

- {Arehiteet.) One of the periods into which 

English Gothic architecture is divided. It ex¬ 
tended from about 1377 A.D. to 1547 A.D., and is 
also known as Rectilineab Gothic. The work of 
the later part of the period is known as the Tudob 
Sttle or Floeid Gothic. The principal features 
of the work of the Perpendicular period are: (1) 
Shallow Mouldings, with casements, bowtells, 
and double ogees. ITie cbaracteristic ornaments are 
the Tudor Flower and the Tudor Rose. (2) Octa¬ 


gonal CAPITAZIS are used with circular ebafts, and 
pier mouldings are frequently carried up into Hie arch 
without the intervention of a capitaL (8) PANHUilNG, 
extensively used on wall surfaces, pa^ionlarl^ late 
in the perioti. (4) The Windows are very large, 
frequently taking up almost all the width between 
the buttresses. Tiers of transoms are used, and the 
mnllious are carried up vertically to the windowarch. 
(6) The Tbifobiuu is reduced to a minimum. (6) 
The Abches are frequently very depressed later in 
the style, the four-centred arch being a common 
form, (7) Tlie Buttbessbs are of large projection, 
flying buttresses being extensively nsecT (8) The 
type of Vaulting used in this style, known as fan. 
vaulting, was a complete departure from the foi^ 
which obtained in the preceding periods. (0) The . 
Foliage is of a more conventional type than that of 
the Decorated period. See Decorated. 

Perpends {Build.) The vertical joints on the &co 
of brickwork. 

Perron {Arehiteet.) A French term denoting (1) 
an external flight of steps at tlie entrance to a build¬ 
ing, giving access to a storey which is raised above 
the level of tlie ground. (2) A balcony landing in a 
similar ]X)8ition with a fliglit of steps at eaoh end. 

Perseids {Axtron.) A shower of meteors or shoot¬ 
ing stars which appears to " shoot ” from the constel¬ 
lation of Perseus. The shower recurs every year in 
the montli of August. 

Persian {Leather). Sheep and goat skins tanned 
in India with Turwahr bark are imported in laige 
quantities to this country, and are known as Pebsian 
Sheep or Persian goat. 

Persian Green {Dec.) A name sometimes used in 
ermneotion with Oriental decoration to designate the 
pure, blight, or vivid green known in the form of a 
pigment as “emerald green” {q.v.) It is almost 
identical in hue with the primary green in the soLar 
spectrum. 

Persians {Architect.) See Atlantes. 

Persienne {Build.) A frame or shutter attached 
to the outer side of a window, and liaving hlii>s of 
wood fixed in the same w.ay as a louver board {q.v.) 

Personal Equation {Phys., etc.) An error due to 
the idiosyncrasies of a particular observer or experi¬ 
menter. In a trained observer this error becomes 
nearly constant, and can be eliminated or accurately 
allowed for in calculations based on the observations. 

Perspective {Art). Tlie art of representing by a 
drawing made on a flat surface solid objects or 
surfaces not lying in the plane of delineation; the 
representation of objects as they appear to the eye. 
In iiainting, the art of conveying the impression of 
depth and distance by correct drawing and judicious^ 
colour tones and shadows. 

-, The suggestion or expres-sion of 

distance in a picture by the medium of atmosphere. 

“ The expression of space.”— 

-, Linear. The branch of perspective that deals 

with form and magnitude. 

Persulphates and Persulphnrio Acid {Chem.) 
See Potassium Compounds and Sulphur Com¬ 
pounds. 

Perturbations {Aetrm.) Variations in the path 
or orbit of a planet, due to the attractions of other 
bodies as they approach or recede. 
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PasMite (Mtuie), Heavily, firmly. " ^ 

Peatle (_Paint.’) An invtrnmftnt, generally in the 
form of a 'tnihcated cone, the base being a plane 
b'nrfaCe. Used for grinding pigments. 

Pet Cook (Eitg,) A small tap fitted to the ends of 
cylinders in steam engines to enable -water to escaiie 
b^nro the engine is started. 

Peterhead Oraalte. See BviLoufa Rtossss. 

Peterebarg Standard (.rarp, md Join') A 
meabOre ot timlH'r. 120 pieces 12 ft. x 11 in. x J^in. 
■B 165 cubic ft. 

. Pettt'c Wheel {^Chem. Eng.) Tsod in stearine 
m^nfactnie. A jacketed drnm cooled by the cir¬ 
culation of refrigerated brine. The lower pntion of 
the dram dips into a bath of melte<l fatty acid.", and, 
as it icvoheb, crystals of stearinc "ipaiate .and aic 
removed before the penpherj jiasseb into the bath 
again. Compare SEBDiKCt 

Petrol. See Pktiiollx’M. 

Petrol Engine ur Motor. I'nder tins term me 
included eiigims in wtucli the motne })Oiver i*. 
obtained by the comoiist}, u or explosion in the 
cylinder td lapour derived fiom an oil or spirit of a 


more volatilo ipitnie than those used In Oil Engines 
proper (jf.o.)^ As snoh engines euro very frequently 
driven by the mixture of light oils known in the 
trade as petrol, the name Petrol Engine or Motor 
has been commonly applied to them in England and 
France; in the UnittHi States they are more often 
termed Gasoline Motors. They are distinguished 
from oil engines by the much greater speed at which 
they run, their consequent smaller size (for any 
given horse power;, and their adai>tability to circum- 
btances in which great portability is essential In 
the most Ubiial tjpes there is no bedplate, the 
ejliiuier Iwing bolUKl to a crank case, which also 
carries the bearings of the crank shaft. 

1 he main principles of the uonstruction of a small 
motor (such as is used on motor cyolc-s) are shown in 
llg 1 , which represents a cross section of a single 
cj Under engine with air co<ding; a side vieVv i» 
piien in fig. 2. A is the cylinder, in which moves 
the piston B; the connecting rod c is attachud to 
tlie piston by a cross head i>, and to a crank formed 
Ijy a jfin E, wliich is fix€*d to tlic two wheels v, F. 
These vlicels form the ttj wheels of the engine, and 
are mounted on a divided shaft, of whifih the two 
lialves o and H are supporled in bearings in the 
side of the ciaub chamber k. Tlic latter is often 



Pift. 1 —Air Tooled Enpne (Section). Fig. 2 —Air Cooled Engine (Bleration). 

Pia^. 1, 2 —Strrrov avd Euiattow or Sikoli Cv i ixi>Bn An. (Vkiied Motor. 


A. Cylinder. i.. .Toint lietween eisnk and h EihanM rslve. 

£. Puton. cylindci i. AiluiiHrinn or inlet vaItc 

t. OonneUin;; rod. m. Sniijioitinu Ing. i Srsirkinu jJug. 

11. ('low head. Half epeed nbut. v. ('}Under hea<1, containing 

a. Ciankpm. Gcai wbnelih ticarnnre or onmiireminn 

r. Fl;wln>clg. Chiu aotuuting ashanW valve. Hpace. 

o, H. Crank shaft Cain of voiitaet breaker. w Inlet pipe. 

X. Crank tasL. Jlud for railing tbaesfaaoat valve, x. Exhaust pipe. 


composed of aluminium 
castings, btilted to the 
ctlintler at h, and nt- 
tiicbed to the frame by 
a lug M. The siiaft a 
carries the pulley by 
which motion is trans¬ 
mitted to the driiing 
rim til the lack wheel 
of the cycle. The shaft 
IT transmits motion to 
the Half Speed SiiArr 
N through a pair of 
toothed wheels o. n Inch 
cause 1« to revolve at 
h.alf the screed of H. 
Tiie half speed shaft 
eairies two eams, P aiwl 
(/, shown ou a larger 
scale in fig. 4. Tlie cam 
p acts on the rod K, 
and opens the ExiiAruT 
Valvu 8 , which is t loseri 
again after the cam 
passes the position in 
which it engages the end 
of B by a bpiing on the 
valve roii. T is the 
Vdmission Valve, also 
kept closeil by a spiing 
on its spindle; u is tho 
hpaukino I’luo (given 
oil a larger seale in 
fig. 5). The cylinder A 
and cv Under bead V are 
provided with projei'ting 
rilis, which allorfi a large 
I n-uliating surface, by 
1 means of wliich the 
cylinder is cooled. The 
tube w comninnicutes 
with the VAPorniSBH 
or CabBUBETTOB, in 
which the explosive 
mixture is protluced, by 
mixing vapour derived 
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from petrol or motor spirit with air; this apparatos 
is either a Spbay Cabbvbbttob or a BubfACB Cab- 
BUBBTTOB (j.e.) X is the Exhaust Pifb leading to 
the Silbkobb, a chamber from which the products 
of combustion escape into the air through a number 
of opening^. This arrangement deadens the sonnd 
produced by the sadden release of the gases. The 
action Qf this engine is as follows: At the oom< 
menoement of the cycle or series of operations the 
valves 8 and T are both closed; the piston descends, 
and the vacuum created in the clearance space v 
causes the valve T to be opened by the pressure 
of the mixture (i.e. the explosive gaa) in the tube W. 
The Craboe of explosive gas is thus drawn into the 
cylinder during the descent of the piston; as the 
latter approaches the end of its stroke the valve T 
closes, and during the up stroke, which is the second 
stroke of the cycle, the mixture is compressed, both 
valves remaining closed. As the next clown stroke 
(the third stroke of the cycle) commences, the mix¬ 
ture is fired or ignited by a spark produced at the 
gap between the projecting wires at the end of the 
sparking plug u. The explosion causes an impulse 
to be given to the piston, which moves downward, 
I>erforming its Woekino Stboke. At the end of 
this stroke the sliaft n has turned round into such a 
position that the cam p engages the end of the %d 
B, whicli it raisc's, and so opens the exh.aust valve s. 
During the second up stroke (or fourth stroke of the 
cycle) the products of combustion^esoape by the pipe 
X, and at the end of the stroke* the cam P ceases 
to act on tlie rod a, which drops back into its 
original xtosition, and the valve B closes, ready for 
the cycle of opera¬ 
tions to begin over 
again. The production 
of the spark requires 
further explanation. 

A diagram of the elec¬ 
trical connections is 
given in fig. 3. A is 
the accumulator, usu¬ 
ally consisting of two 
cells, giving an E.M.F. 
of altnnt four volts 
when cliarged. From 
one terminal of this a wire goes to one terminal B 
of the primary of an induction coil (y.r.), from 
the other tcnninal of which o, a wire, leads to 
D, where the current enters the t'ONTACT Bre.\KKR 
(fig. 4). It now llows from D along an insulated 




condnotor H to the platinum tipped screw b, 
at which point the circuit has to pass from the 


Fio. 5. 

Spabkino Plvo. 


screw to the .Tbbmbbeb or spring os-whioh 
is fixed a small platinum contaot piece K BetWfjen 
B and F there is a small gap, across which £h« 
current is unable to pass until the trembler b.< 
raised ^ moans of the cam Q on the half speedv 
shaft. The position of the cam Is so adjusted th^t 
the contact is made at the time when the woildng 
stroke qf tbe-engine is commencing. At this instant 
the current can flow from e to F, through the trembler 
Q, and through the frame of the machine to a 
switch B ^fig. 3) contained in one of the handles of 
the machine. From this switch an insplated wire 
carries the current through a plug switch J back to 
the terminal K of the accumulator, thus completing 
the primary circuit. The secondary circuit, in which 
the spark is actually produced, is simpler; u and B 
are the terminals of the secon^ry of the induction 
coil, and are connected to the two platinum wires 
N and o of the Kpabkikq 
Plug shown on an enlarged 
scale in fig. 5. A well insu¬ 
lated wire from one terminal 
of the secondary, t, nms to a 
metal cap A, fixe<i at the end 
of a porcelain cj'linder B ; 
tlirough this runs a wire, terminating in the bent 
elbow o. The plug has a metal mount c, by means 
of which it can be screwed into the aperture pro¬ 
vided at the hea<i of the cylinder (fig. 1). This metal 
carries the other wire X, which is therefore connected 
to the engine and frame of the machine, through 
which the secondary circuit is completed. The por¬ 
tions of both circuits which are formed by the frame 
are shown In fig. 3 by broken lines. The primary 
current, whi' h only commences to flow when the 
circuit is completed by the movement of the contact 
breaker, is inlerruiAed suddenly when the cam Q 
(tig. 4) releases the end of the trembler o, and this 
suilden interruption of the primary current induces 
an electromotive force in the secondary circuit, which 
is sufficiently high to cause a spark to leap across 
the gap X o between the wires of the sparking plug. 
Tlie primary current can be cut off entirely, and the 
s^iarking stopixd either by the handle switch B (fig. 3) 
or by the plug switch J. When the rider dismounts 
for a time, or leaves the machine, it is usual to take 
out the plug from the latter switch and keep it in 
the pocket; in the absence of the plug the onrrent 
cannot be accidentally turned on. The exact instant 
at w'hich the spark occurs is of great importance. 
\Vlien the engine is running fast, ignition must occur 
earlier than when running slowly. The timing of the 
spark is effected by turning the contact breaker 
through an angle by means of a rod attached at one 
end to the case of the contact breaker, and at the 
other to a small handle placed within easy reach of 
the rider. jSee Motor Cycles. By this means the 
cam Q (fig. 4) comes into contaot with the spring a 
earlier or Later, as may be required, and therefore the 
time at which the spark occurs can be controlled. 

Larger engines are constructed on a somewhat 
different plan, though the main principles are essen¬ 
tially the same. Two or four cylinders are often 
employed, or in some cases e\en more. Diagrams of 
a two cylinder engine (De Dion type) are given in 
figs. 6 and 7. The cylinders are each surrounded by 
a water jacket or space through which flows water, 
shown by dotted lines. From the jackets the water 
is led by pipes to a Radiatob or cooler, an arrange¬ 
ment of tubes provided with external of metal, 
whose function is to increase the radiating surface. 
The water is then returned to a tank or resfflrvoir, 
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Fio. C. 


Two-CvLiJfMR Water-Coolbd Enoirb. 


Fio. 7. 


from which it again flows to the water jackets, the 
flow being maintained in most cases b^- a ]niiuj) 
worked by the engine. The cranks c, c arc forged or 
built up, and the flywheel is fixed on a projecting end 
of the crank shaft outside the cylinder. 3’Viere i-s no 
driving pulley, but the pc>wer is transmitted either 
by some form of clutch Y (fig. 7) or in other cases by 
gearing on the crank shaft. The half sfioed shaft X 
is contained in a chamber a, a outside the crank 
chamber K. and carries two .separate cams, one to 
each cylinder. Each cam actuates the rods, w'hich 
open the corresponding exhaust ^-alve of the cylinder 
to which it belongs. Access to the clmmber can be 
obtained by removing the cover, which is bolted on 
by lugs ft, b. The arrangements for producing the 
spark differ somewhat 
from those in a .single 
cylinder engine. The 
commutator is shown 
in fig. 8. A is the half 
spe^ shaft, carrying 
a cam plate n, pro- 
vidcfi with two pro¬ 
jections c and D, and 
two recesses e and F. 

The cams engage the 
two ends of a rocker 
o, which carries a 
spring H, on which 
are platinum contact 
pieces at K. In the 
position shown the 
cam o is in action, 
displacing the spring 
or trembler H till it 



Fig. 8.— Costact Bbkakbr or Two- 
CvuMDca EiroiNE. 


makes contact with 
the insulated terminal 
L, After a quarter of a revolution, o will have 
moved into the position now ocenpied by D, and 


the latter will have engaged the other arm of the 
rocker at F, bringing the spring n into contact with 
the terminal M. Two coils are u.sed, one end of the 
primary uf each being connected to each of the 
terminals M and L, and the secondaries to the 
sparking plugs of the respective cylinders. The spark 
isfiniotl by turning tlie contact breaker by means of 
a lever attached to the lug N, >\s in the case of the 
one cylinder engine previously described. 

Petrol engines are also constructed to work witli a 
Two Stroke Cycle. Tl.*y are somewhat less cfllcient 
than the four stroke type, but may be made of 
siuipler construction, and also to run slower; they 
arc suitable for small launches and motor boats, in 
which they are connected directly to the propeller 
shaft without any intermediate gearing. Their 
mode of action may best be followed by commencing 
with the working stroke. The charge of gas is fired 
by a spark and the piston is driven forward; as it 
nears the end of the stroke it uncovers a port or 
opening in the side of the cylinder, which opens 
directly into the exhaust pipe, and the products of 
combustion commence to escape. The piston after 
advancing still further uncovers a second port, which 
communicates with a space containing the explosive 
gas, wliich has already been slightly compressed 
{vide infra), and therefore commences to flow into 
the cylinder. A projecting plate, or Beflisctob, on 
the piston deflects this stream of gas towards the top 
of the cylinder, thereby preventing it from, escaping 
by the exhaust port, and further helping to sweep the 
burnt gas out of the cylinder. At the instant the 
working stroke ends, the cylinder is thus mainly 
filled by the fresh mixture; daring the return stroke 
compression commences immediately the piston lias 
^passed the two open ports, and is completed at the 
end of the stroke, when ignition again occurs, and a 
fresh working stroke begins. As there is an czplo> 
sion every revolution, the contact breaker can be 
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£xed on the main shaft, and no gear wheels and half 
speed shaft are required. The preliminary com* 
pression of the charge requires special arrangements; 
in some two stroke engines this is effected by a pnmp 
-driven by the engine and communicating directly 
with the admission port. In another type the com* 
pression is produced in the crank chamber. During 
the up or return stroke of the piston the charge is 
drawn intb the crank chamber through an admission 
valve which closes immediately the down or working 
stroke commences, and the piston itself compresses 
the charge; when the piston has passed the admission 
port the gas enters the latter through a tube or 
channel leading from the crank chamber. The only 
valve in this type of engine is the one by wiiich the 
mixture enters the crank chamber, and that valve is 
of the simplest construction and automatic in action. 
If the purity of the mixture could be maintained and 
loss of unburnt gas through the exhaust port pre¬ 
vented, a two strmce engine should give approximately 
double 1 ho iMjwcr (per stroke) of a four stroke engine 
of the same dimensions ; but in practice these con¬ 
ditions are never fulfilled, and the power is little, 
if any, greater than that of a four stroke engine of 
the same size. 

Petroleum Engines. Sec Oil Emgikks. 

Petroleum, Mineral, nr Sock Oil. An oily liquid 
found in the earth in many different parts of the 
wqrld. From it arc made several important and use¬ 
ful iconunodities, such as the well known illuminating 
oil, gasoline, naphtha, benzoline, and other oils which 
arc more or less volatile; labricaling oils, vaseliuo, 
and paraffin wax. The supply of petroleum to 
England is almost wholly confined to the United 
Btates and Bnssia. A little crude oil is imported, 
and is refined in the neighbourhood of Chester, but 
nearly all of the petroleum products are received 
ready for use. 

The origin of jietroleum has been the subject of 
much speculation among scientific men, and various 
li.v|totheses have been advanced to account for it. 
The hypothesis which has obtained general accept¬ 
ance is that petroleum is wholly derived from 
ei^anic matter, oftmi from a mixed animal and 
vegetable origin with a considerable preponderance 
■of the former in the cage of Euroiiean jx:troleums 
and of the latter in that class of which Pennsylvania 
petroleum is a type. The oil as it comes from the 
earth varies in colour from a pale oil to a thick black 
subshmee, and in density from about O'SOO to 0’976. 
The chemical composition also varies largely, and 
is UBoally quite complex, comprising the series of 
hydrocaibons known respectively as the paraffin and 
the olefine series. In some examples nearly the whole 
series has been found to be present, wliile in others 
the olefines may be entirely missing. The quantity 
of carbon and hydrogen varies from 87-0 and 12-0 
xesi^cotivoly, in the ease of oil found in Java, to an 
avenge of 841) of carbon and I4‘0 of hydrogen in Penn¬ 
sylvanian oil. The method of obtaining the oil varies, 
but ofteu consists of sinking wells which sometimes 
are 1,200 to 1,500 ft. deep. Usually the sides of the 
wells are lined, in order to prevent water percolating 
through hut this is not always necessary. In some 
cases, as soon as a well is sunk to a certain level, 
there is a great gush of oil, which may last fur some 
days; but as a rule pumps are required to bring the 
oil to thb surface. It is then conducted to storage 
tanks, and in a few cases put into barrels for con¬ 
veyance to the refinery, but more often it is forced 
through lape lines to central stations, where it is 


refined. These pipe lines are in some cases 5 in. in 
diameter, and as much as three hundred milw In 
length. A scries of pumping engines are stationed 
along the line, about four teing required in every 
hundred miles. 

The refining of petroleum consists of a system of 
fractional distillation. The crude oil is introduced 
into a still of simple form connected with a condenser, 
an apparatus consisting of an elaborated coil upon 
which sprays of cold water descend. Fires being 
lighted under the still, the lighter vapours are first 
driven off, and are condensed in the coil or condenser. 
The first oil so obtained is crude naphtha, which is 
afterwards subjected to further distillation for the 
production of gasoline, benzene, and refined naphtha. 
The second prrauct of the distillation of the crude 
petroleum is the source of the different burning oils. 
These are afterwards refined by agitating with sul¬ 
phuric acid and caustic soda or ammonia solutions, 
the impurities uniting with the acid to form a tar, 
w’hicb is afterwards yin off. 

A third series of heavy oils are obtained from the 
still, and these are principally used for lubricating 
purposes after the wax has been withdrawn. The 
process of obtaining the different varieties of oil, 
although spoken of here as resulting in three separate 
classes, may be further divided up or arraiq^ed to 
produce directly a much greater number of oils 
according to the properties of the crude oil under 
treatment. 

In the production of paraffin oils (g.u.) the process 
is essentially the same, excepting that the supply of 
crude oil, instead of being obtained from wells, is 
derived from bituminous shale by burning it in 
suitable retorts. In either case the distillation of 
the crude oil is proceeded with until there is nothing 
left but a little refuse in the shape of coke, and even 
this is of service for making fires on yachts and for 
domestic purposes, as it burns very brightly and 
gives off no smoke whatever. In some cases the 
coils used for condensing the vapours consist of a 
vertical network of coils of pipes through which the 
vapours pass, and are cooled in their progress simply 
by the action of the atmosphere. In others a shower 
or spray, produced by passing water from a tank 
tlirough perforated plates so as to discharge over the 
coil, is used. Another form of condenser employed 
in the Scotch oil refineries consists of a long series 
of coils partly immersed in water. At various 
points upright water pipes are provided, at the end 
of which are pivoted crosspieces perforated with 
small holes. The holes on one arm of the crosspiece 
look the opposite way to those on the other, so that 
the force of the water causes these crosspieces to 
revolve, thus discharging the water upon the coils 
in the familiar manner of a revolving lawn sprinkler. 
The effect is to condense the vapours much quicker 
than by the atmosphere. 

The heavier petroleum oils contain a considerable 
amount of paraffin wax, which is extracted by means 
of a refrigerating apparatus, in which brine is cooled 
by means of ammonia to about 10“ F. below freezing 
point, llie oil is first passed through D-sbaped atmo¬ 
spheric coolers fitted with stirrers which assist the 
process bv constantly presenting a fresh surface to 
the cold air. The oil is then brought into contact 
with the cold brine, when the wax solidifies. It is 
then passed through filter presses and subjected to a 
pressure of about two tons to the square inch. This 
squeezes out most of the oil, and leaves behixtd in 
the presses the crude wax, which in this condition is 
call^ " PAJtAFFiK ScALB.” In Scotland considerable 
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gnantitiea of this scale are refined, including that 
which is derived from the shale oil and that which 
is imported from America. The first mocess of 
refining the scale is to melt it in a tank heated bj 
steam, and then to run it into shallow metal tra}'s, 
where it is allowed to cool. The trays are then 
taken to the "sweating room,” where the wax is 
placed on strips of hemp cloth, cocoanut matting, 
or other open fabric, supported in trays which are 
slightly inclined, and are fitted with channels so 
that the oil which is sweated out of the wax can run 
away. The heat varies from 80“ to 100“ F., and in 
from eight to twenty-four hours the process is com¬ 
plete. The melting ^lint and absence of colour de¬ 
termine to a great extent the quality of itan^n wax. 
and the various grades are obtained by " sweating ” 
at different temperatures. The oil which exudes from 
the wax is usually passed through a filter press, 
when it yields a further supply of scale, which in 
turn yields wax of a lower melting point. 1‘arafiin 
wax is largely used by candle manufacturers, by taper 
makers, for making imitation parciiment paper, and 
as an insulating agent in electrical work. Vaseline 
is another petroleum product, and is of great use 
in medicine. Ar Vasbunk. 

Liquid Fuujl, which is gradually coming into ex¬ 
tensive use on Steamships, locomotives, and stationary 
engines, consists of tlie residue of petroleum after 
the lighter and burning oils have been withdrawn 
by distillation. Most of the petroleum lubricating 
oils (see Lubsicants) arc mixed with various other 
oils, animal or vegetable, or both. Tlius an oil suit¬ 
able for lubricating dynamos may be made by mixing 
cocoanut oil with mineral oil of specific gravity 
*808 and '885, I'ETIIOL employed in motors is a 
mixture of various light jtetrolctim distillates, and 
should have a specific gravitj' of about -7. Volatility 
and homogeneity of boiling points are, however, the 
most reliable test.s of the quality of petrol. 

Nearly every country has very stringent laws regu¬ 
lating the storage and sale of the lighter petroleum 
oils. In England oils giving off an inflammable 
vapour at over 7.‘{“ F. when tested by the Abel close 
test apparatus ate practically free from restrictions; 
bnt in most other countries the flashing jKdnt (^.c.) 
is higher, commonly 10d“ F. Various attempts 
have been made to amend the Englisli law in this 
resjject, but a section of the oil trade have thus far 
successfully opposed the iiroposal. The paraffin oil 
trade—a term generally used in connection with the 
Scotch shale oil industry—have always produced 
illuminating oils of high flashing point.—A. S. .1. 

Petrology or Petralogy (Oeol.) The branch of 
geological science which is concerned with the study 
of rocks. Strictly .speaking, the word denotes the 
study of the larger features of rocks as they occur 
in the field, without regard to their intimate struc¬ 
ture as revealed in the laboratory by means of the 
microscopic examination of thin sections of the rocks 
nnder polarised light or by other means. Thi.s latter 
study, which has now attained to great importance, 
was originally, and should still be termed. Lithology. 

Pen (ATustc). A little. 

Pholene (Archaol.) Bosses or discs, generally of 
precious metal, worn by the Greeks and Bomans 
upon helmets, and sometimes on breastplates. 
PhalersB were also attached to the harness of horses, 
and were worn by lioman slaves. 

Pharyu (Zool.) Tlie cavity at the back of the 
mouth leading to the (Esopiiaous, and also to the 
QliOTXlB or opening of the windpi^ie. 


Phase (Pkyr.) If a particle be describing a Simple 
Harmonic Motion, and the displacement be defined 
by the equation w sin 0, then the angle $ (which 
is equal to at.) is termed the Phase. The angle 9 
may be measured from any fixed radius of the Circle 
of lleferenoe. See Simple Habmonic Motioe. 

Phaseolni (Botany). A genus of Legwninesa>f 
including the various species of beans. 

Phase Rule (Chevi.') (1) Phase : Lot some salt 
and water be placed in a stoppered bottle, and let 
there be more salt than the water can dissolve, and 
let the amount of salt and water be insufficient to 
fill the bottle. Then, the bottle being closed, we 
shall have present in it a homogeneous solid—the 
undissolvcd salt; a homogeneous liquid—the satu¬ 
rated solution of salt; and a homogeneous gas~- 
vapour of water and some air. Each of these is 
called a phase. Sujjpose now sugar and ether are 
added to tlie contents of the bottle, the sugar being 
more in amount than can be dissolved by the w.atcr, 
and that the bottle is st ill not full. Tlicn there are 
two solid pha.scs—salt and sugar; two liquid phases— 
an aqueous solution of salt and sugar and a layer 
of ether; one gaseous phase containing air, water 
vapour, and ether vapour. Thus in any system every 
homogeneous solul in \he system i.s ti pliase, so also 
is every homogeneous liquid, while there can only bo 
one gas phase. (2; Components : Every independ¬ 
ently variable 8ul»stance in a system is a component. 
Suppose the bottle to contain only salt, water, and 
water vapour, then lliere arc two components. Again, 
imagine a sealed flask containing solid ammonium 
cliloride and exhausted of air. Let it be heated to 
such a tcm)>eraturc that a part of the ammonium 
chloride vaporises and forms ammonia and hydro¬ 
chloric acid gas. In this case there is only one 
component, viz. (NII, + UC’l); for the ammonia 
cannot lie ])reaent exC/Cjit there is an equivalent of 
the acid gas, and the composition of the gas phase 
is identical with that of the solid phase. But if 
ammonia gas were introdu'^d into the system, then it 
would become a sy.stem of two components. (Ij) De¬ 
grees OF Fbeeuom : The only conditions which 
c.'in effect a cliange of the equilibrium in a sy-stem 
according to the phase rule are temperature, pres.sure, 
concentration of components. The number of these 
remaining to be fixed before the state of the system 
considered becomes fixed and determinate is called 
the degrees of freedom of the system. IajI P, C, and 
F denote rcsfxictively the number of phattes, com¬ 
ponents, and degrees of freedom in any system which 
is eyvilibrium, then the phase rule is 

r -h F » C -*- 2. 

From this it is clear that in a system in equilibrium 
of one component there can never be more than two 
degrees of freiHlom nor more than three phases. 
Example: If ice, water, and water vapour exist 
together in equilibrium, the system has no degrees 
of freedom (invariant system), and any change of 
temperature, pressure, or concentration would mean 
that at least one phase must disappear. Suppose 
there are two components; then four phases can 
exist in equilibrium, but in this case the system is 
invariant: three phases could exist together with 
one degree of freedom (univariant system), etc. 
Example; Let the two components be sodium sul¬ 
phate and water; then four phases which could 
exist together in equilibrium would be anhydrous 
sodium sulphate, Glauber’s mlt (Na^SO^lOH^O), a 
solution of sodium sulphate of a particular emneentra- 
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don, water vapour at a definite and fixed presenre 
—say p.inni. Let tbo vapour pressure be reduced 
to p'.mm. and remain constant at this; then the 
system will change until a new equilibrium is set 
up, and the change will be very complex—^the 
solution must become more concentrated, and this 
would involve the solid phases, one at least of which 
would disappear—while thermal changes also must 
occur. The state of a system is conveniently repre¬ 
sented by diagrams. The above two component 
systems can be represented by two diagrams. 




The first of these represents the solubilities of Na^SO, 
(E 1) A), of Na,SO 711jO (C D), of Na^SO^lOlljO 
(a b). The second represents the vai»our pres¬ 
sures of the solution of Na,**^^* ®)i of 

solution of XajSO^lOUjO (A B), of tlio solid 
NajSO,10HjO (A o), of the solution of Xa^SO,7HjO 
(c u), of the .solid Na.jSO,7UjO (d F). The equi- 
libri\im of the four phases icferred to above is indi- 
ti-ated by the i>oint A (quadruple point) in the two 
diagrams. It is clear tliere is another quadruple 
point D. where the four phases—solid NajSO^, solid 
XajH(),7IIiO, solid of NajSO, of a jwirticnlar concen¬ 
tration, water vapour at a particular pressure denoted 
by the point i> in Diagram 11.—can exist in equi¬ 
librium. The phase rule is of great ser^'ice in 
studying the various hydrates of salts and the forma¬ 
tion of salt deposits, such as those at Ktassfurt, and 
in studying alloys such as the copper tin alloys and 
the carbon iron alloys. It will l>e noticed that the 
phase rule docs nut distingui.sh between physical 
and ehetniuul changes, and tiiut it takes no account 
of the mass of any phase; but tlic mass must not be 
BO small that surface tension effects interfere urith 
the changes. 

PhBMB of ihe Hoon (^Is/ron.) Apparent changes 
in form of the illuminated portion of the muon 
turned towards the Earth, due to the moon’s motion 
round the Earth. 

PhMO Splitter (Kleet. £iig,) A device for pro¬ 
ducing a dUrcrence of phase between two alternating 
currents wliich were originally in tlio same pliasc, or 
which were derived from a single alternating current. 
A phase splitting device is often used iu starting a 
single phase alternating current motor. 

Phellogen {litdaHi/'). See Cambium. 

Pbenacetin (('hem.) raracetamidophcnetule, 
CH-CONHCjlIjOCJIj. A white crystalline (scales) 
solid ; melts at 135"; \Kry sparingly soluble in water; 
soluble in alcohol and glycerine. It is used in 
medicine to relieve pain. Strong sulplinric acid 
converts it into ethyl acetate and jiaramidophcnol, 

CBLCONHO-n,OC.H. + H,0=CH.COOCjH, + 
HjiT.CgH.OU. 


It is prepared from paranitrophenol; the potassium 
salt of the latter, on boiling with alcohol and pbtas- 
sium ethyl sulphate, gives paranitrophenetole, which 
on redaction gives paramidophenetole; and this com¬ 
pound when boiled with glacial acetic acid gives 
phenacetin. 

Phenanthrene. 

H H II n 



A white crystalline solid (plates); melts at 99“; 
slightly soluble in water; ea.sily soluble in ether, 
benzene, and hot alcohol; its solutions have faint 
blue fluorescence. Forms a picrato which melts at 
140®. Forms substitution products with chlorine, 
iiitro-derivatives with nitric acid, and sulphonic acids 
with sulphuric acid. On oxidation with chromic 
acid it gives phenanthraquinoue, 

QiP 

CO CO 

a yellow crystalline (needle.s) solid, which melts at 
198°. This compound on further oxidation gives 
diphonic acid, 

0-0 

COOH coon 

and diphenic acid when heated with sotla-lime gives 
diphenyl, Cglls — C'gHj. These reactions show that 
phenanthrene is a diplienyl derivative, and as pbenan- 
threne can be obtained by passing dibenzyl or stUbeno 
ttirough a red-hot tube, its constitution must be repre- 

■ sented as above. 

c.iis.cii, rjr,.CH cji,.cn 

i —> I il II 

CgHj. CH, CgTI^. CH CgHi. CH 

It occurs in crude .anthracene, from which it can be 
separated by carbon di.sulpbide—in which it is more 
, .soluble than anthracene—and purified by conversion 
I into the picrate. Mor|)hine is a phenanthrene 
I derivative. 

Phenetole (Chem.) CgHjOC^Hy The ethyl ether of 

■ phenol. It is a colourless oil which boUs at 172°. 
It may be obtaine<l by the action of ethyl iodide on 
potassium phenate. 

Phenol (Chem.) CglTjOH, Carbolic acid. Forms 
I colourless prisnu,; melts at 42°; boils at 183°; is 
i volatile in steam; has a characteristic smell; blisters 
I the skin; is very poisonous; largely used as a dis¬ 
infectant. Soluble in water (1 jMirt in 14 parts 
water) ; more soluble in the usual organic solvents, 
alcohol, ether, benzene, etc. It is deliquescent. 
When exposed to air and light it turns rod. Chlorine 
and bromine yield symmetrical trichlor- and trl- 
' brom-plieuol, t\lI.jBr,6lI; in presence of a halogen 
i carrier chlorine will yield higher chlorinated pro- 
i ducts, while in alkaline solution it breaks tbe 
benzene ring. Sulphuric acid probably forms phenyl 

snlphuric acid, undergoes 

rearrangement to ortho- and paia-phenol sulphonic 
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acids, HOC^HfSOjOH. Salts of phenyl salphorio 
acid are known, and *potassium phenyl snlphate, 

SO,^Q^®», occais in nrine. Nitric acid gives a 


mixture of ortho* and para-nitrophenol; stronger acid 
gives picric acid {q.v.) The phenyl group confers slight 
acid properties on the hydroxy] nydrogen atom, so 
that phenol unites with powerful bases to form salts: 
e.g. ^th canstic soda and caustic j3otash it forms 
sodium and potassium phenates, C^H^ONa and 
C^I^OE; but it will not react with a carbonate. 
Like an alcohol, phenol forms ethers with other 
alcohols; e.g. potassium phenate and methyl iodide 
give phenyl methyl ether (anisole), CjH.OCH, (gee 
also Phbketole!) ; with acids (better, acia-chlorides) 
it forms esters, e.g,: 


C^jOH + CIOC.CH, =. CH.COOCjHj + HCl 

Fbenyl Acetate. 


Ferric chloride imparts a violet colour to its solution. 
Concentrated sulphuric acid, followed by a solution of 
a nitrite, gives a deep red colour with phenol, which 
turns blue with alkali (Liebermann’s Reaction). For 
other reactions relating to phenol, see Salicylic 
Acid, Picbio Acid, Nitbo Compoukds, Niteoso 
COMPOVNDa The chief source of phenol is coal 
tar. See Gas Manufactcbe, p. 248. It can be 
obtai n ed from benzene-sulphonic acid by fusion 
with caustic potash; also by boiling diazobenzene 
sulphate (see DiAZo Reactions) wi& water. 


PheBolphthalein (CAem.) 


CAT. 


C„n,OH 
-rgH^on 
>0 

CO" 


Small yellowish white crystals; melts at 250° ; in¬ 
soluble in water; soluble in alcohol. It is prepared 
by heating together 5 parts phthalic anhydride, 
10 parts phenol, and 4 parts concentrated sulphuric 
acid for several hours at 116 to 120°. The product is 
extracted by boiling with water, the insoluble part 
dissolved in canstic soda solution, and the pbenol* 
phthalein precipitated from this solution by neutral¬ 
isation with acetic acid and a little hydrochloric 
acid. That it has the above constitution is shown 
by its preparation from phthalophenone. 



1^ successive nitration, reduction, and diazotisation. 

Phthaleins. rhcuolphthalein is a valuable 
indicator (q.v.) ; it is specially useful in the titration 
of weak acids by strong alkalis; it should not be 
used with weak bases. Excess of a .strong alkali 
decolorises it. For its use as an indicator and the 
theory of its action, see Indicators. 

Phenols (Cheat.) A class of compounds derived 
from benzene or from homologues of benzene by 
replacing one or more hydrogen atoms of the benzene 
nucleus by hydroxyl groups. For examples see 
Phenol, Piceic Acid, Thymol, Cbesols, Cate¬ 
chol, Hydboquinonk, B^obcin, Pyeooallol, 
Phloboolpcin. 


nienyl (Cbem.) The name given to the group 
OA. derived from benzene by removal of any one 
atom of hydrogen. The group has no independent 


existence. The word is mneh used in naming bena^e- 
derivatives, e.g. 


chah. 

COOH 

Fheaylacetic Add. 


/C,H 

Trlphenrimsttaane. 


Phenylene (Chem.) A name given to the group- 
Cgll,. which is deriv^ from benzene by the removal 
of any two of its hydrogen atoms. When the two 
hydrogen atoms removed are adjacent, tlie residue is 
called orthophenylcne; when next but oue to each 
other, metaphenylene; when opposite, paraphenylene.. 
The group has no independent existence. 


Pbanyleoediaminea (Chem.) There are three of 

these compounds, viz. 

C.NH, 

nCf' 

Orthophenylene- 
diamine HCs 

'^CNH, 

M.P.102“. B.P.252“. 

s^CH 


cn 


c. xn,’ 

HC/ 

Metaphenylene- 1 

diamine IIO s 

M.P, 63°. B.P. 287' 
.^yCNIl, 

CH 


C. NH, 

HCf« 

Paraphenylene- I 

diamine IICV 

M.P. 147° B.P. 207°. 

s^CII 


C. NH, 


Tlieyare all white crystalline (plates) solids ; soluble 
in water; more soluble in alcohol and ether. They 
arc diacid bases. The ortho-eompimnd Benzanilidc is 
nitrated, the product saponifie<l and distilled in 
steam, when orthonitraniline distils over; this is 
reduced by caustic soda and zinc dust. 


C,HsNHCOC6lIs -> C.,H,NO^HCOC«n4 
C,H<KOjNIl. CjUXNH,)^ 

The orthonitraniline can also be prepared by heat¬ 
ing orthonitroplienol with ammonia under pressure. 
With nitrous acid it gives azimidobenzene: 


CM 


NIL 


N; XOn 


+ ONOII - C.II. 




Nil, 

:NOH 




+ 11,0 


NIL 


\nh.. 


N. 

Azimidobenzene. 


>N +H,0 


On oxidation it gives unsymmetrical diaminophen* 


MX )>CsH,(NII,), 

v/tr meta-eompovnd is obtained by redaction of meta- 
dinitrobenzono with tin and hydrochloric acid. See 
Xitbobenzenb. With nitrous acid it yields Bismarck 
Brown (q.v.) Tlte para-eompoutid is obtained by 
nitrating acetanilide in presence of much sulpburic 
acid at a low temperature; the parMitrMetanilide is 
hydrolysed, and the resulttog pamnitraniline reduced 
by tin and hydrochlorio arid. It is also obtained by 
heating phenylhydrazine with hydrochloric arid at 
20(f. For its reaction with ferric chloride and sul¬ 
phuretted hydrogen see Lauih’s Violet. It ia 
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oxidised by manganese dioxide and snlpboric add to 
quinone. A hypooblorite gives qninone dichlorimide, 
CIK : C,H.: KCl. Its dimethyl derivative (para- 
dimethylpbenylenediamine) is used in the pre¬ 
paration of methylene blue iq.v.), and is prepared 
by reducing nitrosodimethyl aniline. See NiTBOBO 
COHPOVKDM, INDAMIKES, SAFFRANIKE. 

Phenylfaydrazine ( Chem.) > N. NH, 

Colourless prisms or plates; molts at 23°; boils at 
246°, with decomposition ; {»cnliar smell; sparingly 
Bolnble in water; easily soluble in alcohol, ether, 
etc. It is a iMse, forming well crystallised salts, e.g. 
phenylhydrazine hydrochloride, : NH^Cl. 

It reduces Fehling’s solution. Zinc dust and hydro¬ 
chloric acid reduce it to aniline and ammonia. 
Boiled with copper sulphate or ferric chloride, it j 
yields benzene. With aldehydes and ketones it yields 
hydrazones {q.v.) With sugar it yields osazones (j'.r.) 
For its reaction with aoetoacctic ester, tee vnder 
Ethtlacetoacetate. It is very important as a 
reagent for aldehydes, ketones, and sugsOT; also in 
the preparation of antipyrine (y.r.) It is prepared 
by diazutising aniline with hydrochloric acid and 
sodium nitrite (tee DiAZO llBAcrroNS), and reducing 
the diazobenzone chloride with tin and hydrochloric 
acid; this gives phenylhydrazine hydrochloride, 
which is filtered oft, dissolved in water, decomposed 
by potash, and extracted with .ether. The ether is 
distilled off, and the base fractionally distilled 
under reduced pressure. 

Phenyliaoeyanata (r%rtK.) CgHjN : CO, Carbanii. 
A colourless liquid; Imils at 166° ; penetrating smell. 
It reacts with compounds containing hydroxyl and 
amino groups to form substituted ureas, e.q. 

2C,HsN: CO + HOli = (CgH^. H . K),CO + CO, 


C,HjN:CO + NH, 


CeHj.IlhX 

h,n/ 


CO. 


Hence it is used in determining the presence of these 
grou{>8 in compounds, and also sometimes in isolating 
such compounds from mixtures. It is preparetl 
by acting on diazobcnzcnc chloride (tee I)lAZO 
KeActions) with potassium cyanate and finely divided 
copper; also by heating phenyl mustard oil (see 
Mustard Oils) with mercuric oxide. 

Phenyliioeyaiiide ( Chem.) CgHjNC, Phcnylcarbyl- 
amiuc. A colourless liquid ; boils at 166“ and poly¬ 
merises ; boils uncliangcd under reduced pressure; 
powerful and offensive smell, which causes sictooss; 
on keeping it turns blue in colour and resiniscs. 
On heating at 220° it undergoes rearrangement to 
phenyl cyanide,C^HjCN; on reduction it yields methyl 
aniline. It is obtained by heating aniline with 
cbloroiorm and alcoholic potash. 


forms pyrozole derivatives, e.q. hydzadne hydsate 
gives 3-phenylpyzazoloQ. 

H 

N N 
CH, 

It is obtained from dibromcinnamic add (jue 
CiNNAJllc Acid) by boiling with alcoholic potash. 
The ortho-nitro phenylpropiolic_ add is similarly 
obtained from orthonitrooinnamic acid dibromide; 
alkaline reducing agents, e.y. grape sugar and cansdo 
potash, convert it into indigo. 

Pheon (Her.) The barbed iron head of spear or 
arrow, engrailed on the inner side, generally with 
point downwards. 

Phigalelan Harbles (Senlp.) The name given to 
the sculptured ‘frieze of the cella of the Temple of 
Apollo at I’higalia, in Arcadia. It was brought to 
this country early in the nineteenth oentnry, and is 
now in the British Museum. Represents contests 
between the Centaurs and Lapithse. See Elgir 
Marbles.. 

Phlezine. See Dteb axd Dteinq. 

Phloridzin (Chem.), C„,H„0,e. White crystalline 
solid (needles); melts at J0»°; sparingly soluble in 
cold water, easily soluble in hot water and in alcohol. 
Laivorotatory. Hydrolysed by acids to glucose and 
phloretin. The latter is the phloroglnoinol ester of 
paraoxvphenylpropionic acid, HOC^H^CH,, CH,. 
UOOH.' W'hen phloridzin is administer^ it gives 
rise to a condition known as phloridzin diabetes. In. 
this condition far more glucose is excreted in the 
urine than csin be accounted for by the hydrolysis of 
the phloridzin : and phloretin itself, which contains 
no glucose residue, can produce phloridzin diabetes. 
It is supposed therefore that the glucose arises from 
protoplasmic metabolism. Phloridzin ewenrs in the 
root bark of a number of common fruit trees, such 
as the apple, cherry, pear, and plum; it can be 
extracted from these barks by dilute alcohol. 

Phlopoglueinol (CTiem.) (1:3:5-trihydroxy- 
bcDzenc) 

C. Oil 
HCr^^Cn 

tautomeric form 

HO.CI^C.OH 

CH 

CO 

IJ^Cr^CH, 

I (1:3; 5-trikctohexamethylene). 

ClI, 


/H Cl\ /Cl 

+ /C' +3KOH = C6lT4EC + 

\h Cl/ \1I 

3KC1 + 311,0, 

This reaction is used as a test for chloroform or 
aniline, as the smell of the isocyanido is unmis¬ 
takable. 

PhaBylpvepiolie Aeid (Chem.) C,HjC : C. COOH. 
A white crystalline solid; melts at 136°; heated to 
120° with widar it gives phenylsmetylene, CjHjC; CH, 
and carbon dioxide; on reduction with sodium and 
alcohol it gives oinniunio acid; with hydrazines it 


Crystallises in colonrless prisms with two molectdes 
of water; loses its water at 100° and melts at 218° ; 
soluble iu water, alcohol, and ether; sweet taste. 
Its aqueous solution is coloured violet by fenrio 
chloride, and is resolved by passing in chlorine into 
dichloracctic acid and tetrachloracetone. Ite alkaline 
solution absorte oxygen and reduces Fehllng’s solu¬ 
tion. Phloroglucinol yields a triacetate with aoetyl 
chloride. With hydroxylamine it reacts in the tauto¬ 
meric form and yields a trioxime. In the form of 
Gnnsberg’s reagent it is used as a test tor free hydro¬ 
chloric acid in the gastric juice. When the reagent 
(2 parts phloroglucinol, 1 part vanillin, 30 parts 
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rectified spirit) is warmed with the liquid to be tested, 
it gives a red colour—sensitive to 1 part add in 10,000. 
It is also used, mixed with hydrochloric add, as a 
test for pentoses, with which it gives a red colour 
with a oharacteristic absorption band. It is formed 
when quercetin, gamboge, dragon's blood, and other 
resins are fused with caustio potash. To prepare it, 
resorcin (q.v.) is fused with caustio soda, or sym¬ 
metrical trinitrobenzene is reduced by tin and hydro¬ 
chloric acid, and the resulting double salt of triamido- 
benzene and tin hydrochlorides hydrolysed by caustic 
soda. It is also obtained by fusing ethylphloro- 
glucin tricarboxylate with caustic potash. See 
MAI.ONIC Acid. 

Phoboa (^Aitron.) The inner satellite of Mars. 

Phone. A colloquial contraction for Telephone. 

Phonograph. A machine for recording and re¬ 
producing definite sounds. To produce a Hecobd, 
the voice or sound to be recorded is made to set 
in vibration a light diaphragm, carrying a sharp 
tracing point or style, which makes contact with a 
cylinder coated with wax. This cylinder is caused 
to revolve, and the recorderto slowly travel from one 
end of the cylinder to the other. As it dues so the 
movement of the style cuts a groove, whoso depth 
corresponds to the vibrations of the diaphragm. 
If the sharp point be replaced by a smooth ended 
needle, which is allowed to rest in the groov'c, the 
motion of the cylinder will cause the style, and 
therefore the diaphragm, to reprotluce its original 
vibrations, and thereby reproduce the sound.s which 
caused these vibrations with more or less fidelity. 
The instrument is frequently sold under the name 
Qbaphofhoke, land large numbers of records of 
all kinds can be obtained. In the Gbahaphone 
the records are formed on a fiat rotatiiig disc, but 
the essential princijde remains tmaltered except that 
records cannot be made by the user. 

Phenollte (.) In its original sen.se it meant 
any rock of eruptive origin which clinked or gave 
forth a kind of metallic ring when struck with a 
hammer. At the present day the term is restricteil 
to an eruptive rock (gcnorally, if not always, of 
trappean mode of occurrence, i.e. intrusive), which 
consists of a lithoidnl ground mass agreeing in 
mineral constitution with Syenites and Trachytes 
(g.v,), but which contains the mineral Nephcline. 

Phoraiam {Botany'). The generic name for New 
Zealand flax. 

Phorone(f7rcan) 

™|>0:Cn-CO .0H:c4g_ 

Yellow prisms (it contains the group — C—C'—C— 

i 11 

like quinone); melts at 2’!°; boils at 197°; smells 
like geranium; soluble in alcujhol and benzene. 
Boiled with dilute sulphuric acid it yields mosityl 
oxide and acetone; heated with strong sulpbnric 
acid, mesitylene. Like a ketone, it unites with 
sodium hydrogen sulphite, forms an oxime, and 
nnites with hydrocyanic acid (KCN solution and 
HCl). It is obtained, along with mesityl oxide 
iq.v.), by the action of hydrochloric acid fui acetone, 
and is separated by fractional distillation from the 
mesityl oxide, which only boils at 132°. 

niMgene Oat ( Chem.) An old name for Cab- 
BOSn. CHLOBIDB {q.v.) 


PhoagttBite (Sfin.) A chloride and carbonate of 
lead, I'bClj. PbCO,, White or grey, sectile; from 
Cromford in Derbyshire, Elgin, Cornwall, etc. AUo 
called Cboufobditb. 

Phoiphate of Iron {Min.) See Yivian'ITB. 

Phosphate of Lead {Min.) See Pvbouobfhitb. 

Phosphate of Lime {Min.) See Apatitb. 

Phosphates {Chem.) Salts of orthophosphoric 
acid, lijPO,. See under PHOSPHOEtrs Compocnd 8. 
The individual phosphates, wdien they are of import¬ 
ance, are described under the corresponding metal. 
See Sodium Compounds, Calcium Compounds, 
Magnesium Compounds. 

Phosphatie Nodules ( Geol.) These are often, bnt 
erroneously, spoken of under the name of COPBOLITB. 
They consist essentially of calcareous matter, con¬ 
taining a sufficiently high percentage of phosphoric 
acid to be of commercial value in the manufacture of 
artificial manures. Tiie phosphoric acid seems to be, 
in nearly all cases, of organic origin; but the precise 
mode of formation of the nodules is not yet well 
understood. Important deposits of phospliato of 
lime arise from the prolonged action of gnano upon 
limestone islands in the rainless regions of the 
Pacific. Others may he duo to the decompo.<ition on 
the ocean floor of large numbers of fish which have 
been killed by a sudden change of temperature of the 
sea water in which tliey lived. 

Phosphides {(hem.) Compounds formed by the 
union of phosjihorus an<l one other clement, e.g. 
calcium phospliuk. See Calcium Compounds and 
Holmes's .Signal. 

Phosphine {Chem.) A name for piiosphoretted 
iiydrogen. S,e vnder I'uoSPHOKl’s COMPOUNDS. 

Phosphines {Chem.) (.’onipound.s derived from 
phosphine tpho.spli(iretied Iiydrogen) by replacing tlie 
hydrogen byalcoiiol radicals, e.g. l\C.jHj), is tricthyl 
phosphine, PIl.X’jllj is etliyl phosphine, 

Phosphomolybdie Acid (f’/icm.) See Molybdenum 
AND ITS Compounds. 

Phosphonium Compounds {Chem.) The name 

phosptioniiim is given to tiie group from 

analogy w'ith the group NH,, which i.s called 
amnioninm. I’JIOSPHONIUM CuLOiiiUE, riI,Cl, does 
not exi.'.t under the ordinary contlitions of tempera¬ 
ture atid pre.ssure. It is formed by tiie union of 
phos|ihoTetted hydrogen and hydrogen chloride either 
at — 2r° or under a pressure of atmospheres at 
the ordinary temisirature. Phosphonium Bbomide, 
ITl^Br, is a white orj-stallinc solid which dissociates 
into phosplioretted hydrogen and hydrogen bromide 
at its melting i»int,*tiri. it is decomposed by 
water into the same substances, and it is formed 
from them by direct union at the ordinary tempera¬ 
ture, Phosphonium Iodide, PII^l, is a shining 
crystalline solid; ea.sily sublime.s on warming; tioils 
at HO®, and dissociates into i»hosphoretted hydrogen 
and hydriodic acid; dccomiwsed by water into the 
same snb.stances; warmed with caustic potash it 
gives phospboretted hydrogen, ^e PUOSPHOBUS 
Compounds. It is formed by dis-solving phosphorus 
and ioilinc in carbon disulphide in a retort, c\a|K>r- 
ating the solvent in a stream of carbon dioxule, and 
gently heating the residne, with gradual addition of 
water. The phosphonium iodide sublimes. The 
carbon dioxide is to exclude air, and materials and 
apporatas must be dry. Phosphonium iodide is used in 
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the prepantlon of organic derivatives of phosphorus, 
snob as triethjlphosphine P(C,Hj),. See Phosphobus 
Compounds. 

Phosphor Bronie {Met.) Bronze containing 2 to 
6 per cent, of phosphoms. It is very hard and 
durable, and shitable for parts of machinery exposed 
to shocks. As its electrical conductivity is good, it 
is employed for telephone wires, etc., being much 
stronger than pure copper. 

PhosphoPOBceneo (P%«,) Certain substances, 
after exposure to light, exhibit a degree of 
luminosity for some time. This property is termed 
PhosphobbScbnce. The sulphides of calcium, 
barium, and strontium are examples. 

Phosphoretted Hydrogen (CAm.) See Pros* 
PHOBUS Compounds. 

Phosphorna (Chem.) P. Atomic weight, 31. A 
colourless crystalline solid; but ordinarily it is 
slightly yellow and translucent; melts at 44®, and 
sublimes below this temperature in an atmosphere 
which does not act on it; boils at 290°; it has a 
vapour density corresponding to the formula at 
l,fX)0°, and to the formula I‘. at 1,750°. Phosphorus 
is insoluble in water, slightly soluble in ether and a 
number of oils, easily soluble in carbon disulphide. 
It is very {K>isonous, and on this account is used 
as a vermin killer. The “phosphorus paste" used 
for this pur|K>se consists of fat mixed with a little 
phosphorus, and usually flour and sugar and a colour. 
Its vapour also is dangerous, as it attacks and destroys 
the jawbones of {leople such as matchmakers, who 
are constantly expo 8 e<i to its action. Phosphorus 
unites directly with many elements. With oxygen 
it unites with extreme ease in presence of moisture, 
but not at all in the total absence of moisture. The 
luminosity of phosphorus setm in the dark or in a 
feeble light is due to a low temperature flame arising 
from tlie slow combustion of the phosphorus in moist 
air or oxygen; in oxygen at atmosfihcric pre.ssure 
phosphorus is not luminous, but t)ccomes .so on 
rt'ducing the iircssure or on warming. The glow of 
j»hosphorus is prevented by the presence of small 
quantities of csasily oxidLsable gases and vajwurs. A 
I)iecc of pbosjihorus left exposed to air will take fire 
spontaneously on standing; on warming, it ignites 
at 60^, forming chiefly the i>cntoxide; on this account 
phosphorus i.s kept under water. 'J'lie products of 
this slow oxidation are phosphorous oxide, phos¬ 
phoric oxide, ozone, and hydrogen peroxide; the two 
oxides unite with water, and give phosphorous and 
phosphoric acids. I’liosphovu.s rcavlily unites with 
all the halogens ; in<linc put upon phosphorus sets it 
on fire in air; pliosphorus dropi^ed into bromine in¬ 
stantly unites with it with a loud explosion, and it 
bums si>ontaneou 8 ly in chlorine and fluorine. Tlaced 
in solutions of s.-Uts of mctal-s with easily reducible 
oxides, phosphorus precipitates the meUl, which in 
some cases unites with the phosphorus to form a 
phosphide, e.ff. it jirecipitates silver from silver 
nitrate—Htas i)reparcil pure silver in this way; it 
precipitates copper from copiicr sulphate, and the 
copper unites with the phosphorus to form a phos¬ 
phide. For the action of alkalis and nitric acid, see 
I’HOSPHOBUS Compounds. Ordinary phosphorus 
under the influence of heat and certain catalytic 
agents (a trace of iodine or phosphorus tribromidc) 
changes to the red moditication. This red phosphorus 
consists of very small ciystals, and is insoluble in 
those solvents which dissolve ordinary phosphorus, 
is not poisonous, takes fire at a much higher tempera¬ 


ture in air, and in general reacts slowly with those 
elements and compounds which react npidly with 
ordinary phosphorus, and has a mneh lower vapour 
pressare and higher melting point than ordinary 
phosphorus. As yellow phosphorus changes with 
extreme slowness at the ordinary temperature into 
the red modification, it is probable that the red farm 
is a polymer of the ordinary form. To obtain the 
ted form in quantity, ordinary phosphorus is heated 
out of air at 260° or over; at 300° the change is very 
rapid. Over 350®, when the vapour pressure of the 
red form becomes very appreciable, this form is re¬ 
converted into the yellow form, lied phosphorus is 
soluble in a solution of caustic potash in diluted 
alcohol, and hydrochloric acid reprecipitates it from 
this solution. Yellow phosphorus is used in tipping 
ordinary matches; red phosphorus is used on the 
rubber and not on the tip of the match in making safety 
matches. Phosphorus occurs naturally as phosphates. 
See vnder Apatite; Calcium Compounds; Phos- 
PHOBITE ; Wavellite. It also occurs in bone (see 
Bone Ash) and in nerve tissue (see Lecithins). 
Phosphorus is obtained by beating an intimate 
mixtui'e of calcium phosphate, carbon, and sand in 
an electric furnace with carbon electrodes, and con¬ 
densing fhe pbosphoru.s vapour under water in copper 
j vessels ; the yield is about 86 per cent. It can be 
; obtained in the laboratory by heating a mixture of 
! aluminium powder (2'5 cquivs.), sodium metaphos- 
I phate (6 equlvs.), and silica (2 cquivs.) in a porcelain 
i lioat contained in a piece of combustion tubing, in a 
i stream of dry hydrogen. The phosphorus is condensed 
; in a receiver attached to the combustion tube; 
i GNaPo, + lOAl - 1 - 3SiO., = 3NaSl,0, + 2AljO, + 6 P. 

Phosphorus Compounds. With Hydbogen : 

; Phesphoretted hi/drogca or phosphine, PH, ; a colour- 
I Ic.ssgas; melts at —131°; boils at —85°; character- 
! istic smell (variously described as like that of putrid 
fish or like garlic); very poisonous ; slightly soluble 
in water; takes fire in air on slight heating or in 
oxygen ou sadden reduction of pressure, and forms 
metaphosphoric acid and water, 4PH, + 160 = 

[ ^’ 40,9 + 6 H.jO = 2HjPjO^ + 4H,0 ; decomposed to 
{phosphorus and hydrogen on lieating. It has feebly 
basic properties, and unites directly with lo'driodic 
acid and hydrobromic acid at the ordinary tempera¬ 
ture and pressure, but only at —25° with hydro¬ 
chloric acid. When piissed into solutions of salts of 
many metals, the metal ora phosphide is precipitated. 
It is obtained by heating phosphorus with a strong 
solution of an alkali— 

P, + 3KOH + 3H„0 = .3KH,PO, + PH, 

Pot. UyiHpphoiphite. 

In this case the gas is mixed with hydrogen, and 
another hydride, P-H^, which makes it spontaneously 
inflammable. A similar impure product arises from 
tlie action of calcium phasphidc on water. The pure 
giis is obtained by the act ion of a solution of cjiustio 
potash on phosphonium iodide; the gas is only pure 
when the action is slow. Otheh HydbideS: A 
liquid hydrogen phosplihle, PjHj, is obtained along 
with tlic gaseous hydrulo PH,, when the latter is 
prepared by the action of caustic potash on phos¬ 
phorus or water on calcium phosphide. It is separated 
from the gas by passing the gas through a tube cooled 
to 0°. It is a colourlciiS liquid, which boils at 67® 
(736 mm.); immediately catches fire in air; decom¬ 
posed by light, by heating above its boiling point, 
and by hyiirochlorio acid into a toUd hydride and 
phosphoretted hydrogen, oPjH^ =» 2P,H + 6 PH,. The 
solid hydride is yellow, catches fire in air on heating. 
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and is docomposed into phosphoms and iiydrogen on 
beating ont of air. WITH Haloohks : Pbospborns 
unites with all tbo halogens directljr. The tri' 
fluoride TF, and pentafluoride PF^ are gases. The 
tncMoride PCI, is a colourless liquid; boils at 76° ; 
fumes in air owing to its decomposition by water 
vapour. Water decomposes it, forming phosphorous 
and hydrochloric acids, PCI, -r 3HOU 3HCT + 
liyl’O,. It behaves in a similar manner with organic 
compounds which contain hydroxy groups; for this 
reason it is an important reagent in organic chemistry, 
e.g. 3Cn,CO.OH + I'd, = 3C'II,C001 + H,PO,. It is 
obtained by passing dry chlorine over phosphorus; 
the product contains pentachloride. which is removed, 
by standing for a while over phosphorus and then 
distilling. The ^lUacMondc PCI, is a yellowish 
white solid with mwerful smell; sublimes without 
molting at the ordinary pressure; fumes strongly in 
air, owing to decomposition by water vapour. On 
heating it dissociates, so that its ra].x>ur is a mixture 
of chlorine and trichloride. When water acts slowly 
on It, phosphorus oxychloride is formed, PCI, + H ,6 
= POCl, + 2HC1; but the oxychloride itself is easily 
decomposed by water, so that with much water phos< 
phoric acid is formed, POCl, + 3H0H =» 1*0(011), + 
.3Hd. With organic or inorganic compounds con¬ 
taining hydroxy groups it reacts in a similar way ; 
with organic compounds containing the carbonyl 
group( —CO—) the oxygen is replaced by two chlorine 
atoms—hence it is an important reagent for the 
detection of these groups. Examples : 

S0,<®]^ + Pd, = 80„<J1J^+ POCl, + HCl 
Cblormill'hunie Acid. 

(CH,),CO + PCI, =. (CII,),Cd, + POCl, 
Acetone. 

It is formed by the action of chlorine on the tri¬ 
chloride. The tnhromide PBr, resembles the 
trichloride, and is prepared by mixing carbon disul¬ 
phide solutions of phosphorus and bromine and dis¬ 
tilling off the solvent. The pcntabroniidc PBr, is a 
yellow ciystalline solid obtained by direct union of 
bromine with the tribromide. A heptabromide, PBrj, 
a red crystalline solid, decorarKwed into bromine, 
jihosphoric and hydrobromic acids by water, is 
formed by mixing the pontabromide and bromine, 
and heating in a sealed tul>e at 00 °, when the hepta¬ 
bromide sublimes. A di-iedide, P,I,, and tri-iodidc 
are known; but the existonr-c of a penta-iodido is 
doubtful. Many oanjhalogpn rtmpovndB are known. 
The oxyfluoride POF, is formed by direct union of 
the tritlnoride and oxygen; it is a gas. The oxy- 
ehloride POCl, is a liquid: melts at -1-5°; boils at 
107°. It fumes in air, owing to the presence of water 
vapour. Water decumi>ot-c.s it. >See above. It is 
prepared by the action of anhjdrous oxalic acid on 
the pentachloride, 

COOH 

I + PCI, = CO + CO, + 2HC1 + POCL ; 

COOH 

also by heating the pentachloride and pentoxide in 
a sealed tube; Vjy the action of potassium chlorate 
on the trichloride; by the action of ozone on the 
trichloride. It is used, like the trichloride, in organic 
chemistry. With Sulphur: The pentatndpbide 
r,8, a pale yellow crystalline solid ; melts at 275°; 
boils at 518°; decomposed‘by water, r,S, + 8H,0 = 
2H,PO, + 68 Hy It IS used in orgaidc tmemistry in 
the preparation of sulphur compounda Bee Diks- 
TONBs; liJKVuuNic AciD; MbbCaptahb. It may 
be prepared by beating red phosphorus and sulphur 


together in the proper proportions and distilling the 
product in a stream of carbon disulphide, With 
OXTORN AMO OXYOBH AMO HTDBOOSM—OXIOKS 
AND Acids : Pheephorovt owiie, r,0„ is a white 
crystalline solid; melts at 22-6°; boils at 173°; Its 
vaponr density corresponds to the formula P 4 O,; 
soluble in ether, carbon disulphide, benzene, and 
chloroform; bums in air and with great brilliancy 
in warm oxygen to phosphorio oxide; with cold 
water it slowly forms phosphorous acid, and with 
dilute alkalis phosphites. With warm water the 
action is cnergetic,and red phosphorus, spontaneously 
inflammable pbosphoretted hydrogen, and phosphoric 
acid are produced. It is formed when phosphorus 
burns in a restricted supply of air. PkoKphorosophee- 
plume oxide, I'.O,, l^Oiju is a colourless, shining, 
crj’stalline solid ; dissolves slowly in water with 


hissing sound, and forms a mixture of pbosphorous 
and metaphosphoric acids; on heating, it sublimes 
without melting and without decomposition. It is 
obbiined by heating phosphorous oxide in an ex¬ 
hausted tube, when phosphorus distils away first and 
is followed by the phosphorosophosphorio oxide. Its 
vapour density at 1,400“ is 229. Phoephoric oxide, 
P, 0 ,Q, is ordinarily a soft white powder, but can be 
obtained in cry.stal.s by sublimation; on heating, it 
sublimes without melting; its vapour density at 
li) 0 O° corresponds to a formula not less than P,P,(,; 
it combines with water with great energy, forming 
metaphosphoric acid, I’jO,, + 2H,0 = 2H.,l*/V 0° 

this account it is used as a drying and dehydrating 
agent; thus, when added to nitric acid it withdraws 
water, and nitrogen pentoxide is formed. To obtain 
it, phosphorus is burnt in a free supply of air or 
oxygen previously dried by sulphuric acid; tho 
product contains some phosphorous oxide, which may 
be removc<l by vapourising it in a current of oxygen 
and passing the mixed gases over heated spongy 
platinum. Jlyjwphotphonms acid, Hjl’D,. Bee IlYPO- 
PHOSPMOBotJS Acid. Phonphoruve acid, 11,1*0,, is 
a crystalline solid; melts at 74°; it is very deli¬ 
quescent. When heated it gives phosplioretted 
liydrogen and phosjihoric acid, 411,1*0, = 811,1*0, + 
I'iT,, It is a powerful reducing agent; its solution 
absorbs oxygen from the air, and reduces salts of 
gold, silver, mercury, and copiier to the metallic 
state. With phosphorus pentachloride it gives 
pho.«!phoru& trichloride, H,I*0, + I’CI, = 1*CI, + 
31*001, f 3IIC1. It is a tribasic acid, but the third 
hydrogen atom is difficultly replaced by metals. Its 
salts, the phosphites, are not important. The acid 
is obtained by the action of cold w.itcr on pbos¬ 
phorous oxide; by the action of the trichloride on 
water; or by heating the trichloride with crystidUsed 
oxalic acid. PkoitphorotopAMpheHe acid (Hy{M}phos- 
phoric acid), H,1*,0„ is a white crystalline solid; 
melts at 55°; decomposes on beating into phosphoric 
acid and pbosphoretted hydrogen ; it is a weak re¬ 
ducing agent; it is tctrabasic. The acid is formed, 
along with phosphorous and phospheuric acids, when 
phosphorus is oxi)oseil to the action of moist air. 
Wlien the liquid which results from this prolonged 
exposure is partly neutralised by caustic soda, the 
sparingly soluble sodium salt, N^H, 1 *, 0 ,, crystallises 
out. A solution of this salt is decomposed by lea<l 
acetate, and the precipitated lead salt decomposed 
by sulphuretted hydrogen. The solution is concen¬ 
trated in a vacuum. I'nosPBOBioACIDS: Orthophoe- 
phoric arid, H,Pi^ ■» PO(OH),: a white crystalli&e 
solid; melts at 42"; it is difficult to crystallise, mad 
is usually met with as a thick syrupy liquid. It is 
extremely soluble in water. On tmting to 213° it 
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forms Pyrmho^horie acirf, H,P.O,, 2n,P0, «» ILO + 
H^PjO;. Ortbophosphorio acia is tribasic. It is 
obti^ed bj the action of phosphorus pentachloride 
(y.e.) on water; usually by boiling red phosphorus 
with nitric acid. On the large scale an impure acid 
is made by the action of sulphuric acid on bone ash 
(^.r.),Ca^(PO^)j + 311 j80, -SCaBO. + 2H,PO,. Pyro- 
pkotphor^ aevi, H,PjO^ is an inoistinctly crystal¬ 
lised soiid.^ It is soluble in water, and its solution 
slowly—quickly when warmed or in presence of a 
strong acid—changes to ortbophosphoric acid; it is 
a tetrabasic acid. The silver salt is white. It is 
obtained as mentioned above or from its sodium 
salt (which is formed by heating common sodium 
phosphate) by precipitation with lead acetate, and 
decomposition of the lead salt with sulphuretted 
hydrogen. Metaphotphorio add, ll^PjOg (Glacial 
phosphoric acid), a glassy or ice-like solid; 
deliquescent; vapour density acoonls with the 
formula HyP^O,,; its solution changes just like that 
of the pyrophosphoric acid, to orthopho-sphoric acid; 
it gives a white silver salt, and coagulates albumin. 
It is obtained by strongly heating either of the two 
preceding acids ;* also by the action of water on phos¬ 
phoric oxide. The more important phosphates are 
described under the compounds of the corresponding 
metals. Phosphorus unites with alcohol radicals just 
as i^trogen docs to form compounds like the amines. 
Thus,' triethyl phosphine, P(C 5 ,Hj)„ and tetra-cthyl 
phosphonium iodide, lVC,^llj),T, arc obtained by 
heating phosphonium iodide with ethyl iodide under 
pressure. 

Phosphotungstie Acid (67irm.) Si-c Tu^^asTiJK 

AND ITS COMPOU.N’DS. 

Photochemical Effects. Chemical changes pro¬ 
duced by the action of light. Sec Photogbaphy, etc. 

Photochromy. The reproduction of colours Ity 
photography. See Photoubaphy’ jn Coloues. 

Photochronograph (Aetrm.) A small appitratus 
fitted to the eye end of a transit instrument for reconl- 
ing photographically the transit u ires, tlie time, and 
the star trail. 

Photo Engraving. The production of engraved 
plates by means ot photograplxic prooe.sses. Tiude 
terminology has divided y)liotc) engraving into three 
classes. (1) Pbocess : The protluction of typographic 
printing blocks (halftone blocks) from ordinary 
photographs, wash drawings, etc. (2) I’HOTO En- 
aRAViNO: Tlie production of relief plates for u.ve 
with type, from block and white subjects in 
pvre line. (3) Photogkavube : Intaglio plates on 
copper (afterwanls faced with steel) for the repro¬ 
duction of paintings, etc., in monochrome. The first 
and second have displaced wochI engraving and, to 
somo extent, lithography. The third has largely 
replaced mezzotint engraving and steel plate en¬ 
graving. The reprotiuction of subjects in pure 
line is practically coeval with the art of photo¬ 
graphy, the Ordnance Survey Department having 
employed photo engraving for the repieduction of 
maps and plans soon after the introduction of photo¬ 
graphy. Tlic production of halftone engravings was 
not accomplished until about half a century later. 
(1) Halftone Engravings: Iu reproducing photo¬ 
graphs or wash drawings the result is obtained by 
breaking up the continuous tone of the original into 
stipplo or grsiin, the process being as follows: A 
negative is made from the original on a wet collodion 
plate or on a dry gelatine plate, the former being 
much more commonly used; but at a short distance 


in front of the sensitive plate is placed atransparenfc 
screen, formed of two sheets of glass cemented 
together with Canada balsam, both sheets being ruled 
and placed so that the lines cross each other. 3'he 
lines are ab.solately opaque, and vary in number 
according to the purpose for whioh the work is 
required, e.g. 60 lines per square inch are need for a 
coarse grain block, and up to 200 or more for fine ait 
illustrations. The screen causes the highlighta of 
the original to be represented on the negative as 
round transparent dots, which gradually enlar^ as 
the tone of the original darkens. A pure halftone 
resembles a chessboard pattern of opaque and trans¬ 
parent perfect squares. Contiiiuing the ratio of 
tone, the transparent squares gradually enlarge, until 
the darkest parts of the original are represented by 
minute opaque pin points. A copperplate, prepared 
by polishing with charcoal or precipitated pumice 
powder, is then sensitised by coating with ah 
even film of bichromated fish glue. Light acting 
upon this compoun<l renders the sitbstance insoluble 
in cold water. A positive image is therefore obtained 
by placing the negative iu contact with the sensitised 
metal surface, and exposing in a pressure frame to 
the electric “ arc ” or sunlight, the length of time 
varying from one to thirty minutes, according to the 
degree of sensitiveness of solution, the quality of 
n(^tive, and the actinic power of the light. After 
exposure, the plate is put into a tray of cold water to 
develop, aud every part of the film upon which Hght 
has not acted, owing to the opaque portions of the 
nc^rative, is readily dissolved. The result is an 
invisible positive image, rendered insoluble by the 
light passing through the transparent parts of the 
negative. The image is at once made apparent by 
staining the film with a weak solution of aniline dye, 
which is allowed to flow over it. After drj'ing, the 
metal plate is slowly and evenly heated to a tempera¬ 
ture of about 340” to 400” C., the insoluble image of 
soft glue being thereby converted into a hard car¬ 
bonised film. When cool tiic plate is immersed in an 
etching mordant of ferric (icrcLloride, ranging in 
streugtii from 25” to 4^° Beaume, the carbonised 
image resisting the dissolving action of the mordant, 
whilst the intervening spiices and points of bare 
metal arc readily attacked. From two to five 
minutes are suliicient to etch the plate to a suitablo 
depth, so tliat the image may be left in relief. 
Theoretically, an impression from this plate should 
be a facsimile of the original; but the process baa 
to Vx! modified to meet certain technical difiicultics, 
one of these being that the liglxter tones of the 
original are rendered more or less dull through the 
interposition of the cross lined screen, thus causing 
a diffused shadow to be thrown over those {larts on 
the negative. This is remedied by passing the plate 
on to a “ Fine Etcher,” who, being possessed of some 
artistic ability, covers tliose tones which, on tho 
copperplate, are corresjiondingly correct with tho 
orjginal, with an acid-resisting vann.'h. It is then 
again immersed in the etching mordant. Ifiieces- 
sarj', the proce-ss is repeated by covering the next 
lighter tones and further etching. The intervening 
spaces between the carbonised film arc thus gradually 
ebjhcd wider, until the highest lights of the original 
are (if wliite) represented by minute pin points, or, 
in some oases, etched or cut away altogether. An 
impression on paper mny be obtained by inking tiie 
plate with a gelatine roller charged with letterpress 
ink and passing it through a press. After cutting 
away the surplus edges by special mnohinery, the 
plate is mounted on oak or mahogany wood, and 
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planed to a certain gauge, so that anj block may be 
printed with anj type matter in an ordinary typo¬ 
graphic machine. (2) A similar method is used for 
rcprodociug LINE DsAWiNas, but the absence of 
tone does away with the necessity of using a 
screen. The metal generally used is zinc, and the 
etching mordant, nitric acid, varying in strength 
from one or five to twenty parts water. The 
sensitive him also differs in that bichromatised 
albumen is generally used. After coating the plate 
with the 8en$iti\e solution and exposing to light, 
the plate is inked over by means of a gelatine roller 
with a very thin him of lithographic transfer ink, 
and developed by pl.ocing in a tray of cold water, 
the action of light on the albumen him also rendering 
it insoluble, liy gently rubbing with a tnft of cotton 
wool, that part unacted upon by light is vrashed away, 
leaving an insoluble imago of the line drawing thinly 
coated with a greasy film of ink. Finely powdered 
bitumen is then dnsted over, and adheres to the ink. 
After carefully wasidng off excess of powder and 
drying, the plate is gentlj' hesited, the bitumen melting 
and forming with the ink a firm .acid resisting image. 
After cooling, the image is obtained in slight relief 
by immersing for a short time in a weak aqueous 
solution of nitric acid (one part to twenty parts 
water). The image is further protected by rolling 
over another coating of fatty ink by means of a 
lithographic “ nap" roller, and dusting with resin 
and resinous powder, commercially known a.s 
“ Dragon’s blood." After heating sufficiently to melt 
the resinous film and cooling, the plate is further 
etched, the process being repeated with in¬ 
creasingly stronger acid until the image is in 
sufficient relief for printing in press. A different 
resist from that used for copjxsr is employed becan.so 
the high temperature necessary to carboni.sc a film 
of fish glue would change the structure and properties 
of zinc, the latter metal being readily powdered 
at a temperature of 300’ and melting at 42fr C. 
(3) Photooravube : This is a general term for the 
various processes for producing plate.s for printing 
parposc.<i which .are the rever.se of (I) and (2), ».c. the 
engraving is in itUatjlw instead of “in relief." A.s 
in the case of (1) and (2), bichromati.sed gelatine is the 
medium by which the (date is produced. A cloud of 
bitumen dust is allowed to settle on a plate placed 
inside a cabinet, the grains of bitumen being after¬ 
wards fixed to tlie plate by heat. The bichromatised 
gelatine film is now placed over this surface, and the 
subject printed uprm it through a glass positive. The 
liardcning process is effected by means of light, 
the unhardened ixirtiont being afterwards washed 
out. (1) Halftone Enobavisg. The plate i.<i 
next immersed in (lercltloride tff iron for the purpose 
of being etched, and is finally finished by a retoucher. 
Plates may al&o be prepared by msing a grain screen 
instead of bitumen powder; but the result is not so 
satisfactory in the case of fine work. Photogravure 
reproduces the tones of the original drawing.*, etc., 
much more satisfactorily than the processes pre¬ 
viously described, but the cost of producing the 
plates is much greater. A commercial Trtcoloub 
Illustration is produced by superimposing three 
prints one over the other from three halftone 
blocks, yellow, red, and blue, in their respective 
colours, resulting in a correct colour rendering of 
the original from which the blocks were made. The 
method generally employed is that known as the 
** direct” process. Three light filters, usually of dyed 
collodion, representing the three primary colours—re<l, 
green, and violet {tee Coloubs)— are placed succes¬ 


sively behind the lens, and three separate negatives, 
j made on dry gelatine plates or collodion emulsion, 
arc taken from the coloured original, the cross lined 
screen being placed in front or the sensitive plate, 
as in the case of black and white tone work. The 
red filter transmits all rays of light reflected from 
the original with the exception of its oomplemontary 
colour, blue. A positive print made from this nega¬ 
tive and etched on copper is therefore printed in the 
press with blue colour. The green filter has a similar 
action in suppressing the complementary colour, red, 
I the bloc.k made from this negative being printed 
1 with red. Tlie violet filter likewise suppresses the 
I yellow, the subsequent block being printed in that 
; colour. To prevent patterning of the screen in the 
I three superimixtscd colour prints on paper, the angle 
i of screen is so arranged that the lines for the yellow 
! negative arc crossed by those of the red at an angle 
! of 60°, and by those of the blue at 120^. This is 
I generally attained by adopting a revolving copy 
i board, so that the original, instead of the screen, 
' can be moved to the required angle for ca<di negative. 
' The inethod for etching and finishing the block is 
identical with that in use for ordiimry black and 
white work. 

Photo^aphie Camera. A photograpliic camera 
consists essenliully of a dark chamber. At the back 
is placed the sensitive plate, and in the front is the 
lens by which the image is projected on to the .sensi- 
tivc plate. The simplest type is the Fixed Foots 
Cameba, which may be merely a rectangular box, 
the plate being supported by some suitable device 
at the end. Most cameras, however, pi'sscss some 
arrangements for focussing, or varying the distance 
between tbe lens and plate in order tosecun; a sharp 
' image. The body is then made in two or more parts, 
, one of which may slide in and out of the other; or 
the two jwrts maybe connected by a bellows, a light- 
tight folding portion composed of leather kejit in 
shape by internal strips of eardooardor other stiffen¬ 
ing material. The ofveration of focussing is effected 
in this case by moving the front, to which the lens 
, is attached by means of a rack and pinion. The 
' open back carries a ground glass Focussi.ng Screen, 
on which an image is produced which is visible to the 
operator. tVhen thi.s image is in focus, the opening 
. of the lens's clo.scd by a cap or shatter; the screen 
. is repla(’.ed by a Dark Slide, a fiat box carrying the 
plate, .shut in by a sliding cover. When piaced in 
jHt.tition the sli'lo is withdrawn, and the surface of 
, th.e plate occupies the position previously occupied 
by the surl’ace of the screen. On opening the shutter 
or cap of the lens the image i.* prorluced on the plate. 

\ The l)cst types of camera have a Rising and Fall¬ 
ing Front, whereby tbe lens may bo raised or 
lowered, and also a Swing Back, by which the dark 
slide and the contained plate may bo brought into a 
; vertical position if it be necessary to tilt the camera. 

This prevents the distortion of the imago which 
' would otherwise occur by pointing the camera 
' upward or downward, and is essential in photograph- 
' ing architectural objects. A Folding Caueba is 
one in which the IkjHows can be compressed into n 
small space, bringing tbe back and front close 
together, in order that great portability may bo 
obtained. A Magazine Caueba is one in which 
a number of plates or films are contained, some 
mechanical de.vicc being fitted to enable a fresh plate 
to be placer! in position after an exposure has lieen 
made, and the exposed plate to be removed to a 
position in which it will no longer bo acted on by 
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light. Various devices are now in use by which 
Batlioht Loading is effected, i . e . a fresh supply 
of films cw be introdnoed and the exposed ones 
removed without a darkroom. There are two main 
ways of doing this. In the first method the films 
are cut to size'and arranged in a pile like a pack of 
cards, each film being separated from the next by a 
sfarat of black paper; the whole pile is protected by 
a light-tight covering, which can be removed after 
the films are introduced. In the second, which is 
the more popular method, the film is made in a con¬ 
tinuous sheet, and rolled up on a reel in contact with 
a sheet of black paper, of which the ends are left 
long enough to furnish several turn.s round the outside 
of the spool, in order to exclude light. The spool is 
placed inside the camera, and the film wound o€ 
on to another reel as required for each exposure. 
When all the film has been exposed, the second 
reel is full, and the film is again protected by 
several layers of the black paper, enabling the 
exposed film to be removed with safety. Hee also 
rnoTOGBAPHy and Photogbaphy in Coloubs. 

Photographic Telescope {Atfron.) A telescope 
so arntnged that the photographic plate replaces 
I lie eye. 

Photography. The art of obtaining images by 
the chemical agency of light upon sensitive sub¬ 
stances. The darkening cffe<;t of light on silver 
chloride was noticed by the alchemists in the six¬ 
teenth century, and furni.shed a good example of 
photographic action, ttic nature of which was after¬ 
wards investigated by Scheele. The first attempts .o 
practically utilise the darkening of silver salts by 
light appears to have been marie by Werlgwood anrl 
Davy about lf<02. A sheet of white paper or leather 
was coated with a strung solution of silver nitrate 
and dried, the objects intenrled t<> be copied being 
cither placed in contact or ilicir shadows pro¬ 
jected upon it. Upon exposure to sunlight, the 
parts protected by the objects remained white, 
while those surrounding them darkened under 
the influence of the sun's rays. Experiments of 
this and similar natnre.s were, however, rendered 
comparatively valueless from the want of means 
for fixing the images, and so preventing any 
further action of light from taking place, the 
unaltered silver salt remaining in the white portions 
of the {lapcr gradually darkening. In many cases, 
however, the action of light is invisible, and agents 
technically known as developers have to be employed 
to bring the minute change effected by light to tlie 
cognisance of our senses. In the Dagueireotypo 
process, w'hero an invi.sible action of light is pro¬ 
duced on a silvered copperplate, tendered sensitive 
by exposure to the va^wur of iodine, the develop¬ 
ment is accomplished by means of mercury, the 
vapour of this attaching itself to the substance 
altered by light, but whether from a physical or 
chemical cause is uncertain. In the process jiatented 
by Fox Talbot in 1841, under the name of Galotype, 
in which the sensitive material consists of silver iodide 
formed upon paper, tlic development was effected 
by means of gallic acid, a method discovered by the 
B<ev. J. B. lieade. Owing to the suggestion of 
M. Lo Oray, of Paris, of the possible use of collodion 
in photography, and its practical application by Scott 
Archer in 1851, such a stimulus was given to the 
progress of the art that it soon began to assume the 
importance it has since attained. In this collodion 
process, a glass plate, coated with collodion con¬ 
taining iodides and bromides of metals or alkalis, 


is immersed in a solution of silver nitrate, a sensitive 
snr&ce consisting of iodide and bromide of silvet 
being thus formed. The plate is then exposed wet in 
the camera, and the image afterwards developed by 
means of an acid solution of pyrogallol or sulphate 
of iron, the silver reduced from'the silver nitrate 
present being deposited upon the parts altered by 
light. Although very fine photographs can be ob¬ 
tained upon wet collodion, the necessity of preparing 
the plates at the moment required, and obtaining the 
finished results without delay, are disadvantages, and 
the process (except in the case of certain classes of 
work) has long been superseded by the use of 
gulatinu bromide dry plates, the sensitiveness and 
keeping proiierties of the latter rendering them 
available in cases that are practically impossible 
with the former. With dry plates and those which 
do not contain silver nitrate, a method of developing 
the invisible image, known as alkaline development, 
is employed, in this case the developer directly 
acting upon tho.se parts affected by light, and so 
reducing the sub-salt of silver forming the invisible 
image to metallic silver. This in its turn combines 
with silver bromide to form mechanically fresh sub- 
bromide, .which becomes reduced by the developer as 
before. And if the image be a negative one, such as 
results from expiring a plate in the camera under 
ordinary conditions, it would, when viewed by trans¬ 
mitted light, show all the lights and shades in the 
objects represented, reversed. After the image has 
been developed, an oixiration technically known as 
fixing is employed to remove the unaltered silver 
salts from the film. In the wet collodion proce^s 
this is usually accomplished by means of potassium 
cyanide, but in the case of gelatine plates sodium 
thiosulphate (hypo) is used instead, owing to the 
danger of cyanide attacking the half tones. It 
frequently happens, especially with gclatiuo plates 
developed with some of tlic rocent developers, tlial 
the negative after fixing is found to be too thin for 
printing, and resort has to be had to intensification. 
Ihere are various methods in use for this purpose, 
those with mercury usually being emploj'ed with 
gelatine plates. The image, being bleached in a 
solution of mercuric chloride or bromide, is well 
washed, and converted into a grey or black colour 
by' means of a solution of sodium sulphite, ammonia, 
silver cyanide, or a ferrous oxalate developer, this 
latter offering the extra uiivautsqre of permanency in 
the intensified image. Of methods for reducing the 
opacity of negatives, that with potassium ferri- 
cyanidc and hypo is |>erliaps most generally used, 
although for r^ucing the contrasts in them a 2 per 
cent, solution of ammonium persulphate is found 
valuable. From the observations of Dr. Yozel in 
1873, that the addition of dyes to silver salts 
increased their sensitiveness to certain colours, wo 
owe a discovery of very considerable importance, 
and one which ha.s since received practical applica¬ 
tion in the u.se of orthochromatic plates. In order, 
however, to obtain any appreciable difference in the 
results when using them for ordinary work by day¬ 
light, a yellow screen must be employed to cut off 
some of the blue rays, as the sensitiveness to blue 
and violet still predominates. The seleclion of this 
screen is a matter of im[X)rtancc, since if it bo too 
deep in colour it may cut off the blue and violet- 
entirely. For the iiest results it should be one that 
is adjusted to the plate. When this is not the case, 
it is perhaps advisable that the one chosen should 
not require au increase of exposure of more than 
six or eight times. A screen can often be employed 
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with advantage in hand camera work, although in 
mofit cases it mast not more than double the 
ordinary exposure required. Of the various printing 
processes, those in which the image is printed out 
on gelatine chloride, collodio chloride, or albuminised 
papers, and afterwards toned with gold, are largely 
used, while the numerous development papers offer 
the great advantage of rapidity in the production of 
the prints. For permanency, however, platinum and 
carbon stand unrivalled. Modifications of the carbon 
process have been introduced under the names of 
Artigne and Ozotype, in which tlie image is printed 
direct upon its final support. The former, however, 
while yielding very fine rosults, requires a good deal 
of care in manipulation, while the latter only needs 
that necessary in carbon printing generally. —E. B. 

Phott^aphy in Coloan. The methods by which 
objects can be represented photographically in 
colours may bo classed under two heads: (1) The 
direct method, in which a ligbt*sensithe substance is 
capable of reproducing the colours which fall upon it. 
(2) The indirect method, which is dependent upon 
the superposition of coloured images (usually three), 
and which is known as the three colour process. 
Dibect Method: The colours are duo either (1) to 
interference, as in the ease of the Becquerel and 
Lippmann process, or (2) when p,iper coated with silver 
chloride is used, such as Seeljcck employed, .are of a 
pigmentary nature. In this process of Dr. Seebeck, 
which dates back to bSlO, a solar spectrum was pro¬ 
jected upon paper prepared with moist silver chloride, 
and an imiige obtained somewhat resembling the 
spectrum colours. The chief worker, however, in 
this subject, M. Edmond Becquered (the first pub¬ 
lished account of wliose work appeared in 1848), 
obtained his best results upon chlorinated silver 
jdates, the particular method of chlorination ado|rted 
being that in which the chlorine was produced by the 
electrolysis of dilute hydrochloric acid, the na.secnt 
chlorine uniting with the silver. This method had 
the advantage of greater control over the thickness 
of the film of chloride formed, as when the violet 
colour was assumed for tlie second time the. silver 
{date was removed from the Iwith, wa.shed in distilled 
water, and dried at a gentle heat, the plate being then 
sensitive to all spectrum tint.s. The colours are, 
according to Wiener, jjartly pigmentary and partly 
due to interference. A great di.sadvantagc attending 
this process was that the coloured images could not 
l>e fixed. By far the most important methml of pro¬ 
ducing direct photographs in colour i.s that due to 
Professor Gabriel Lippmann, and first announced by 
him in 1891, and is based on the theory and work of 
Zenker and AViener. The process, which is very 
simple, consists in employing a plate of glass coated 
with a perfectly transparent sensitive film of silver 
bromide in gelatine, together with suitable colour 
sensitising dyes, and having in contact with the film 
daring exposure in the camera a metallic mirror in 
the form of a layer of mercury. The latter is for the 
purpose of reflecting tlie light back upon itself. 
This gives rise to stationary waves within the film, 
with the result that, after development and fixing, the 
image is formed of a laminated depo.sit of silver, 
separated by transparent layers of gelatine, tiie 
thickness of each transparent layer being equal to 
half the wave length of the light used during ex- 

E sure. When these photographs are viewed by white 
jht incident normally upon them, waves equal in 
len^h to those used during exposure will be reflected 
back to the eyes, and thus the film will appear of the 


same colour as the light to which it hod been exposed. 
When viewed obliquely the colours change, red 
becoming successively yellow, green, and blue. To 
enhance the brilliancy of these photographs, and at 
the same time eliminate disturbing surface reflec¬ 
tions, a shallow glass prism is usually cemented to 
the film with Canada balsam. The Ikdtbect Method 
of colour photography is based on the theory 
of Dr. Thomas Young, who found that any colour 
could be produced by the mixture in various propor¬ 
tions of three colours properly chosen. I’rofessor Clerk 
Maxwell, who supported this theory, appears to have 
first suggested how to carry it into practice by the 
aid of photography in a lecture delivered at the Royal 
Institution on May 17, 1861. The particular colours 
to employ, and the proportions in which they must 
be mixe<l to represent all intermediate spectrum hues, 
was first determined by Maxwell, and are shown in 
his famous diagram of colour mixture curves. Th^ 
curves have quite recently (1899) been re-detormined 
by Sir AVilliarn Abne}*, who.'-e results differ somewhat 
from the former; and the three simple colours which, 
when mixed in suitable proportions, will reproduce 
to the eye the isen.sation of every other spectrum 
colour, have been found to be; a red situate about 
the lithium line in the red; a green near the 
E line in the green; and a blue violet about the blue 
lithium line. In order, therefore, to obtain a three 
colour photograph of the spectrum, three photograplis 
must be taken, in each of which photographic action 
must be so tlistributed that it would be represented 
graphically by the respective curves in one of these 
diagrams. In order to realise this in practice, the 
negatives are taken through light filters (colour 
screens), which should transmit light in accordance 
aith the colour curves; such light filters, if they 
enaUle correct colour reconls of the siiectrum to 
obtained, should answer equally well in the case of 
landscapes, or coloured objects generally, since their 
colours are only mixtures of spectrum (xilours. As 
the.se filters require to be adjusted to suit the sensitive¬ 
ness of the plate.s employed, they can only be described 
in general terras as luing red, green, and blue violet 
in colour. Positives made from the negatives teken by 
their use, when backed by mtHlia allowing only pure 
colour to pass, will, when their images are suiHir- 
impo.sed on a screen, roproflucc the colours of the 
original; but if prints are to be produced, the prints 
mu.sl be made in colours which are complementary 
to the three colour .sensations. These prinei{tles ap¬ 
pear to hate been rocognisetl by Louis Dtieo.s da 
Hauron in 1868. To Mr. F. E. Ives, however, must 
be given the credit of bringing the process to the 
state of perfection it has now rcachctl. Me pointed 
out the necessity of using screens which transmit 
pure colour only for correct synthesis, as distinct 
from the colour curve screrms used in taking the 
negatives; and by means of his ingenious viewing 
ap^ratus the kromscop completed a most perfect 
method of composite heliochromy. When finished 
prints for use as transparencies or projection in a 
single lantern are required (a system of three colour 
photography brought to such perfection by Sanger 
Shepherd and Messrs. Lumi^rc), the poritives are 
usually made njon gelatino bromide celluloid films 
sensitised with bichromate, and after development 
and fixing arc stained the complementary colours in 
aqueous solutions of dyes. In the case, however, of 
the positive from the red record negative, it is found 
better to make this upon a lantern plate, and convert 
it into the requin^ blue colour with potaasium 
ferricyanide, followed after washing with ferric 
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chloride. The films are then cemented together 
between glasses, and form a finished transparency in 
colonrs. A. method suggested by Dr. Hauron in 1869 
for obtaining the three colour records on one plate, 
smd jput into practice by Professor Joly, of Dublin, 
consists of exposing the photographic film in contact 
with a glass plate placed in {front of it, ruled in 
transplant coloured inks, with red, green, and blue 
violet lines. These coloured lines, which correspond 
to the colour filters used in taking the record nega> 
tives in Ives’s process, number about 2C0 to the inch, 
and the order in which they are ruled is repeated 
throughout the plate, which by transmitted light 
appears of a light grey colour. Negatives taken 
through such a screen will be crossed by a scries of 
lines of deposited silver corresponding to the amount 
of light which acted through the respective lines, 
and a positive made from such a negative when 
placed in contact, and “correct register" with a 
similar lined screen, but ruled in colours which 
stimulate respectively the three colour sensations of 
the eye, will, when viewed directly, show the image 
in colours. A variation of the three colour process, 
due to Professor K. W. Wood, which does away with 
the necessity of using coloured screens or pigments 
for the finished pict urcs, consists in employing three 
diffraction gnatings, each ruled with such a number of 
lines to the inch tliat, when sujterposed in front of a 
lens, they will send red, green, and blue light to the 
same spot on a screen behind it, which by their 
mixture will convey to the eye the sensation of white 
light. To protluce a picture in colours by this 
method three negatives are taken through red, grcci:, 
and blue violet <;olour filters us usual, and from these 
positives arc made on lantern plates. A piece of 
glass coated with biebromated gelatine (or albumen) 
is jiilaced with its sensitive film in conUict with a 
grating bearing 2,000 lines jwr inch, and the whole 
covered with the jKjsitivc repi-esentiDg the action of 
the red light. An exposure of a few seconds to sun¬ 
light will impress the lines of the grating un the 
hiebromated film under the transparent parts of the 
positive. The second grating, consisting of 2,100 
lines per inch, and the fiositive, representing tlie 
action of the green light, are now substituted for the 
others, and a second exposure given, The same is 
then repeated for the blue, using a grating having 
2,750 lines i)cr inch, and the positive wliicb represents 
the blue. I'he plate is then washed for a few minutes 
in warm water, and (»n drying the image appears as 
a coloured photograph when placed in front of a lens 
and viewed through an aperture iu a screen. The 
finished pkdurc, which is perfectly transparent, 
merely consists of a diffraction grating on gelatine, 
with variable spacing. Some progress has also been 
made towards realising in practice Wiener's idea for 
an ideal colour sensitive surface, in which tliree films 
stained red, bine, and yellow with fugitive dj-es, are 
combined to form a black or neutral tint. Much a 
surface will, with prolonged exposure, under a 
coloured transparency, yield a more or less perfect 
reproduction of the coloured image. A means of 
thoroughly fixing these images, however, still remains 
to be found.—B. S. 

Photometers* A photometer is an instrument for 
comparing the illuminating powers of two sources of 
light. All such instruments in common use depend 
upon the fact that the eye is capable of judging with 
considerable accuracy when two surfaces adjacent to 
each other are equally illuminated. It is necessary 
that the illumination observed shall be due to the 


two sources only, and therefore all other ligbt must 
be excluded, the measurements being made In a 
darkened room or other enclosure, the inside of 
which should be blackened, to prevent reflected and 
diffused light from interfering with the observations. 
The source of light to be tested is usually fixed at 
one end of a horizontal benoh or bar, termed the 
Photombteb Bench or Bab, which is graduated in 
inches or centimetres; at the other end is fixed a 
standard light, which may be a Btandabo Candle, 
Pentane Lamp, Methuen Scbeen, etc. (q.v.) At a 
point between the two lights is fixed the Photo- 
metbb proper. Let I be the intensity of one of the 
two sources, then at a distance d the intensity of 

illumination is j • If Ii and I^ be the relative inten¬ 
sities, d^ and the di.stances of the two sources 
from the photometer, then when the latter is re¬ 
ceiving the same amount of light from each souroe. 


I. ^ 
d? d/ 


, or i 

1h9 


d* 

~d/ 


The form of photometer most used in practice is 
Bunsen’s Photombteb (q.v.y Observations with 
this instr.nmcnt are usually made with the aid of 
two mirrors placed behind the screen, and inclined 
at 90° to each other and at 45° to the screen; 
by this means both sides of the screen may be 
viewed at the same time, and the position of the 
photometer with reference to the two sources 
adjusted with considerable accuracy until the spot 
appears of the same biightness ns the rest of the 
surface of the screen. Jolt's Photombteb consists 
of two fiat plates of translucent paraffin wax placed 
in contact, with a sheet of tinfoil between them. 
When plac.ed between two sources of light and 
viewed edgt’wise, each plate appears to be illumi¬ 
nated ; when both appear equally bright, the 
intensities of the two lights are proportional to 
their distances from the screen. The Lummeu- 
Bbodhum Photometer consists of an opaque white 
screen, one side of which is illuminated, by each of 
the sources of light which are being compared. An 
ingenious arrangement of mirrors .and reflecting 
prisms enables the ventral portion of one surface 
of the screen, and the outer portion of the other, 
to be vicwetl at one time. If the two sides of the 
.screen are not equally illuminated the eye sees a 
bright patch surrounded by a dark zone, or rice verm. 
Adjustments arc made until the inner and outer 
zones arc equally illuminated. When this is the 
case the two surtaces must be equally Illuminated, 
and therefore the intensities of the two sources are 
proportional to the square of tlieir distances from 
the screen. A simpler arrangement, which possesses 
the advantage tliat it may be used in a room which 
is not quite dark, is Rumpoed’8 Shadow Photo- 
METEB. This consists of an opaque rod, a shadow 
of which is cast on a white screen by each of the two 
lights, which are moved backwards and forwards 
until the intensities of the sliadows are the same. 
The intensities of the lights are then proportional to 
the square of their distances from the screen. 

Photometry (Light'). The comparison of the 
intensity of a given source of light with a standard 
source by means of a Photom:£TBB (q.v.) 


Pfaotomierograph. A photograph of a microscopic 
object obtained by attaching the camera to the 
microscope tube. 

Photoqwetro HeUograph (Astron.) An instrn- 
ment for recording photographically » picture of the 
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Ban's disc and limb in colour of one wave len^fa or 
monochromatic light. The “ K ” line of calcium is 
the light usually employed. 

niotocphere {Agtron.) The sun’s visible surface. 

Phototype- A general name for copying processes 
based upon photc^raphy. See Blue Pbint. 

Phrase (Mveic). The subdivisions of a musical 
sentence or period are called phrases, two or more of 
which form a period. 

Phrygian Mode {Mime). See Modes. 

Phthaleins { Clum .) Bubstitution products of 
phtbalopLenone (dipheiiylphthalide), 


c,n,<; .0 

^'CO 


But the Fhthaleins are not usually prepared from 
pbthalophcnone ; they are prepared by heating 
phenols with phthalic anliydride in presence of a 
dehydrating agent, such as sulphuric acid or zinc 
chloride. For examples of phthaleins. $ee Phenol- 
pHTHALEix, Fluorescein, Eosine. Tliat phthnlo- 
pbenone has the constitution assigned to it is prove<l 
by its synthesis by Friedel and Craft’s reaction (jf.r.) 
from phthalylchloride and benzene: 

->o + 2CA = 

^ co-^ 


/CVH, 


CJl. 2B(’l 

Also phenol-phthalein iq-v.) can bo .synthesised 
from phthaloplumone by nitratiiin, reduction, and 
diazotisatioD. The RHODAMINE.S iq.r.) are also 
Phthaleins. 


Phthnlic Aeid(rArw.) 

C. COOIT 
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A colourless crystalline solid (pi isms) ; melts at 203'^^ 
if quickly heated, and forms the anhydride with loss 
of one molecule of water: 


’CcOOH ~ ^ ® ■*" 


Sparingly soluble in cold water; readily soluble in 
hot water and in alcohol. It is a dibasic acid, 
fonning two classes of salts and esters. Heated 
with soda lime it gives first benzoic acid, then 
benzene. It is prepared by oxidising naphthalene 
tetrachloride with nitric acid. See p. 447. It is also 
prepared, in the form of its anhydride, on a large 
scale for the preparation of indigo. See Indigo. 
Phthalic acid can unite with two, four, or six 
hydrogen atoms, and so give rise to many hydro- 
phtbalic acids; thus, theoretically it would give six 
dihjdrophthalic acids. Of these, four are known; 
the A®- ®«dihydrophthalic acid (jtee Nomenclature) 
can exist in two forms, known as the cis- and trans¬ 
forms. The cLs-A**®-<lihydrophthalic acid has the 
two carboxyl groups on one side of the benzene ring, 
while the trans- acid has them on opposite sides. 
The cis- acid readily forms an anhydride; the trans- 
add forms an anhydride with diflSculty, and the 
anbvdride formed is that of the ds- acid. The 


trans-A®* ‘-dihydrophthalic add is obtained by reduo' 
tion of pbthdic anhydride in acetic add solution 
by sodium amalgam ; it passes into the cis- add on 
heating with acetic anhydride. Three tetrahydro- 
pbtbalic acids are known, of which the A* compound, 

Cri. COOH 


H,C 


CH.COOH 


IIC'^^'CH, 

CH 

is known in the cis- and^ trans- modifications. The 
hexahydro acid is known in the els- and trans- forms, 
and the latter, which contains an asymmetric carbon 
atom, can be resolved into its optically active com¬ 
ponents by means of quinine. The anhydride of 
jyhthalie acid. 


C.H.O 0 , 


forms long, shining, needles; melts at 128“; noils 
at 2.s4°; slightly soluble in water; very soluble in 
alcohol and ether. On heating, it easily sublimes. 
Alkalis readily form .salts of phthalic acid with it. 
With one molecular proportion of jihosphorus penta- 
chlorldc on heating it gives phthalyl chloride, which 
behaves in many of its reactions as if it has the 
constitution 

r./ 7 . with zinc and acetic acid it yields phlhalido, 

C II,' 0 

-'vf aleo I'liTHALEixs. Heated with phenols, the 
.anhydride gives Phthaleins (q.v.) The anhydride is 
ulitaincrl l>y heating phthalic acid alone or with 
acetyl chloride, Phihalimid-e, 


C„IT. 


CO-'" 


is a white crystalline solid (prisms); melts at 229°; 
soluble in ether; sublitues on heating. With alcoholic 
potasl) it fonns a well crystallised potassium salt, 
potassium phthalimide. 


C«U 


\CO/ 


This salt reacts with alkyl iodides, forming alkyl 
}>hthalimides. which are converted by alkalis into 
phthalates and primary amines; 

C'»H,/rn'>N. C,IIs -e 2ITOK = C^IIiNII, + 


C U OOK 
COOK 


For a very important reaction of phthalimide, see 
Indigo. Phthalimide is obtained by beating phthalyl 
chloride or phthalic anhydride in a stream of ammonia 
gas. Isomeric with phthalic acid are isophthalic acid, 


HC 

HC 


C . COOH 

0: 


COOH 


CH 


and terephthalic acid; the former is not an imprtant 
compound, the latter is treated by itself. Neither of 
the isomers of phthalic acid forms an anhydride. 

PhylUte {Oeol.) A rock of argillaoeous com¬ 
position, and usually of sedimentary origin, whioh 
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luw been snbjecterl to metamorphltca, 

with the result that tbd microscopic fragments of 
potash felspar occurring in the parent rook have been 
paimmorphoaed into fla^ «f Muscovite, which have 
a common orientation throughout the rock, and thus 
facilitate its separation into thin sheets in the same 
manner as slatea These scales or flakes of mica 
usually impart a peculiar silky lustre to the face of 
a phyllite which has been split up by mechanical 
means. 

Phylloporphyiin (Chrtn.) C,eH,gTSrjO. A decom¬ 
position produt:t of chlorophyll. It forms short 
reddish violet prisms; soluble in chloroform; less 
soluhle in ether or alcohol; gives red fluorescent 
solutions. It shows an absorption spectrum of seven 
bands, which closely resembles that of hffimatupor- 
phyrin from hasmoglobin and it appears to 

differ from this substance only in containing tu'u 
oxygen atoms less; corresponding to this pbyllopor- 
phyrin is insoluble in aqueous alkalis, while hsmato- 
porpbyrin is readily soluble. like haematoporpbyrin 
{tee Hjekoglobik), it yields as products of oxidation 
and reduction respectively baernatinic acid andhmmo- 
pyrrol. The tsompound mesoporphyrin (see IliGMO- 
ciLiOniN) is intermediate between phylloporphyrin 
and hsematoporphyrin. 

Physical Astronomy. Tlic branch of astronomy 
dealing with tlie conqKmition, temperature, etc., of 
heavenly bodies. It owes its existence almost entirely 
to observations by the spectroscoj'o. See Kpectbum 
Analysis. 

Physical Isomerldos. A name given to compounds 
which have the same constitutional formula, aut. 
therefore the same chemical reactions, but have 
different physical properties. The difference in 
physical properties is caused by the different s^iaeinl 
arraiigcmonts of the atoms or atomic groups in these 
compounds. See Storeoisomeuism. 

Physios. Tho term Physics originally referred to 
the study of Nature and natural phenmuena in 
general; it is now restricted to the studv of the pro¬ 
perties of matter and of natural forces and phenomena 
which arc neither organic nor clicmical in their 
nature. There is no hard and fast l>oandary line, 
however, l>otween physical and chemical phenomena. 

Physio-Chemical Eng^eerln^. Origin and 
IIlMTORY ; Throughout this Dictionary a number of 
definitions ate given under the classification of (lu-m, 
JJng., and some explanation of this classification is 
necessary. The term is a shortened form of what is 
really Physio-Chemical Engineering, a profeasion, or 
branch of the engineering industry, which has only 
been recognised during the last fifteen or twenty yo.ars. 
Strictly speaking, it is an offshoot of engineering 
which has arisen out of (he needs of the ohemiral 
industry, and finds a parallel in electrical cn^nccring, 
though perhaps there is more engineering than 
electrical knowledps required for the latter, while in 
chemical engineering there is need for a more general 
knowledge of each component. On the other hand, 
so-called chemical engineering is of a more complex 
nature than tho name implies, and tor this reason 
it is thought preferable to deal with tho subject 
utidor Physio-Chcmioal Engineering. The present 
Bocloty of Chemical Industry started as a Society of 
Chemical Engineers, but (be title was thought to bo 
too exclusive at that time. The need for a chemical 
engineer arose out of the industrial developments of 
chemistry. Processes were worked out In the 
lal^oraiory, but when it came to working on a manu¬ 


facturing scale, glass vessels and iaSiJHnbber tafafaig 
were inaptfiicable. The mechanical« bgitteer to 

devise and construct as best he could suitable fAeab 
and appaurattts with which to carry out proc pesos 
on a large scale. In time it became evident that 
many processes were impracticable for want of better 
chemical plant. The chemist consulted the engineer, 
and the latter endeavoured to construct what was 
needed. Boeing the scope afforded, some men 
specialised and made themselves acquainted with aU 
ttot engineers were doing or had done, and applied 
the knowledge so acquired. Hence the ohemioU 
engineer. Since then there has been much conrix>- 
versy as to what are tho qualifications of a chemical 
engineer. There is little doubt, however, that a 
knowledge of chemistry and physics is of more 
imx>ortance than detailed knowledge of mechanical 
engineering, though a practical acquaintance with 
the latter is a great help, and some knowledge 
essential. Definition : To define Physio-Cbemi^ 
Engineering is obviously no easy task. Tho definition 
must necessarily be rather involved, as it includes a 
knowledge of chemistry, physics, civil and mechanical 
cngiiiccring. Perhap.s the most concise definition 
is this: The adaptation of materials to methods, 
in doii^ which the three chief qualifications are 
common sense, observation, and ingenuity. Appli¬ 
cations ; Physio-('bcmical Engineering deals with 
the manipulation, control, and transport of the gases,. 
liquids, and solids which result from or are essentiai 
to chemical reactions on a manufacturing scale. 
These bodies may be hot or cold, inert or corrosive, 
volatile or stable, as well :uh explosive or inflammable. 
An accurate knowledge of their chemical and physical 
I»roportieh is necessary before suitable plant tor their 
manipulation can be evolved. In the same way 
constructional details have to be modified to meet 
the various methods for their solution, decom¬ 
position, yxiviation, precipitation, filtration, eva¬ 
poration, (Tistillation, concentration, or condensation. 
This involves a study of the materials which will 
withstand the forces exerted by such gases, liquids, 
and solids while nndeigoing chemical change and 
the consequent variations in iheir pfapsical conditions. 
It will be .seen, therefore, that Physio-Chemical En¬ 
gineering is a very extensive branch of engineering, 
and is not ea.sily defined, more particularly as in 
this relationship chemistry and engineering are so 
largely interdependent. Undoubtedly to the chemical 
engineer is due the evolution of certain plant 
and apparatus which otherwise might never have 
V>een thought of. The filterjiross, centrifugal dryer, 
steam trap, and Montejus or acid egg, are four 
striking examples. In tho first two the engineer 
turned well known forces to account. The develop¬ 
ment of steam coils for heating in all branches of 
chemical industry created a demand for an effectual 
means of removing condensed steam without letting 
live steam escape; while in the transport of corrosive 
fluids the load-lined acid egg took the place of the 
old type of pum]i, with compressed airsu^tituted for 
the plunger or piston. As the result of these ohanges 
the euginecr on the mechanical side perfected the 
existing air compressing and exhausting engine and 
enabled the manufm'tnrer to use comptesaed air, 
vacuum pans, and multiple effect evaporation with 
economy. Yet chemical knowledge is largely funda¬ 
mental in effecting improvements. In the aiuline 
dye industry the supply of concentrated vitriol to 
almost every deportment of tho works is necessary. 
Oast iron pipes and compressed idr exist, but it needs 
tho reassurance of the chemist that oast iron is 
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piacUcolly nna:ttaoked by strong vitriol (altbongli 
WBSoived by weak) before the engineer is able 
to employ the two, and so transport the acid to 
any {Muii- of the works with ease and safety. 
In the" same way the chemist has co-operated with 
the engineer in producing acid-resisting alloys or 
other material for taps, valves, pa<'kings, washers, 
and other engineering accessories suitable for chemi¬ 
cal' plant. Disint^rators, mechanical agitators, 
steam jet beaters and agitators have also been 
adapted to the special requirements of chemical 
engineering. The soap industiy, however, affords nn 
excellent example of how purely engineering skill | 
has been devoted to the production of special plant : 
(for which only a knowledge of physics and engineer- | 
ing was essential), notably in connection with the j 
cooling, drying, shredding, and milling of soap. The i 
introduction of carborundum also affords an instance I 
of how the electro chemist comes to the aid of the i 
chemical engineer by ju-oviding an acid and beat j 
resisting material for furnace linings and allied uses. 

It is not possible in a short review such as this to j 
do more than indicate thus the varying phases of I 
chemical engineering, in order to show how <"ompre- ; 
hensive tho term is, and consequently' so diflicult to | 
define. In the future it is prolwiblc that the term ■ 
will become as generic as that of civil engineering, , 
and include a number of industries in which chemical ] 
plant is used, but whicli are known by’ tho name <'f i 
the actual product produced. For instance, the gas 
engineer is largely a chemical engineer, or should bo: i 
but, owing to the present magnitude of this particular j 
industry, the title of Gas supplants the more genetal ' 
one of Chemical. Litekaturb : There is very little j 
available literature per xe, as most of it i.s to be , 
found in articles contributed to almost all classes of . 
technical journals. Chemical engineering itself, even ■ 
then, is seldom kept separate from works’ manage- ■ 
ment, organisation, and administration, but is dealt 
with only in so far as equipment bears upon these 
subjects. As for text books they can liardly be said 
to exist. For many years trade catalogues consti- ; 
tuted the nearest approach to anything of the kind, | 
and even now are often the best source of informa- ; 
tion. Of late the pick of such catalogues lias been j 
collected, classified, and occasionally suppleinemcd ' 
by notes, and then pre.sented in this condensed form | 
as a liandbook. Useful as this handier form un- i 
doubtedly is, the fact remains that condensed cata- | 
logues interspersed with a smattering of Trautwino j 
and Molesworth are the only chemical engineering i 
literature that exists, apait from .scattered articles, j 
moat of which are •'’ery restricted in scope and 
aspect. Thus its bibliography reflects and confirms | 
the heteroclitic nature of rhysio-C'hemicad Engineer- ; 
ing. The important influence which it does, and | 
must, exercise on the technics of the future may i 
result in its ultimately assuming a more definite and j 
conventional position as a business or profession. 

C.U.N. 

Pfaysoitl^iniiie Sre Calabar Beak. 

mneerey A {Munc). At pleasure. 

PUteeTOle Agreeably, pleasantly. 

Pianette A small pianoforte. 

Piangendo, Piangevole In a plaintive 

manner. 

Pianiieimo (_2Uu»ic), Very soft. Abbreviation, 

ppp(pipi>y. 


Piano (Mtuic). Soft. Abbreviation, yu. 

Pianoforte (Miuie). See Mvsical Iniitbumbkts 
(Stringed). 

Piatti (Mutic^. The Italian name for cymbals. 
Ar nnder Musical Instruments. 

Piazza {Arehitert.') A rectangular open space 
surrounded by buildings or colonnades. 

Pibroch (MunC). The Scottish military mnsic of 
the bagpipe. 

Pica {Typoff.) Type between English and small 
pica in size. The body of this type is generally used 
as the standard for loads, measures, etc. See Types. 

Piccolo (/V«jrtc). (1) See Musical Instruments 
(Wind). (2) An organ stop. See Organ, p. 441, 

Picea (JJetany). The genus of (hui/erof com- 
I rising the spruce fir (P. rxeiUaX yielding turpen¬ 
tine, resin, and timber, and the silver fir (P. alba). 

Pick. A pickaxe, the familiar tool used in ex¬ 
cavation, mining, etc. 

- or Shoot (^Textile Manvfac.) A throw of the 

shuttle carrying weft through the shed or opening 
between warp threads. 

Picker or Driver {Textile Manufac.) A device 
fitted in shuttle box for propelling tho shuttle. 

Picker Leather. T.cather sp'cially tanned for 
the making of picker bends used in cotton spinning, 
etc. 

Picking {Weariny). The second primary move¬ 
ment of tlio loom, ri:. the i)ropnlsion of the shuttle 
across llie loom sloy and through the warp shed 
(f/.r.) Jn the |)owor loom this is generally effected 
by cam movement oi^erating on picking arms or 
levers. There are two distinct methods; (1) Over- 
pick; (2) Uuderpick. Loom. 

Pickle. An acid solution u.sed for cleansing the 
.surface of uictallic objects. See 1'icklino, 

Pickling Tech.) Candle wicks arc pickled 

to prevent them bur’.iing too fast, and also avoid 
tbeir leaving too much ash. Borax, sal-ammonia, 
and phns])hate of auimonia solutions ure simie of 
those employed. The Avicks arc steept'd, wrung out, 
and dried. ’ This treatment has dune away with 
“ snuffing.’’ 

- {Eng.) Removing the bard skin on metal 

castings by immersion in dilute sulphuric or nitric 
acid; also used as a general term for processes in 
wliieli an acid (or occasionally another liquid) is 
allowed to act on metals for the purpose of 
cleaning, etc. 

- {Jjeather Mamfar.) Bheep skins, after the 

wool has been removcrl, are pickled for export. 
Thu most common method in u.se is soaking the 
pelts in a weak solution <>f sulphuiic acid, to which 
is addoti an excess of salt. Formic arid may be 
substituted for tho sulphuric. See al»o Cubing. 

- {Met.) The immersion of steel, etc., plates 

in dilute vitriol (?.r.) to remove scale and oxide 
prior to galvanising, or otherwise coating with a 
protective covering. 

Picks {Cfftton Manufax.) The term is applied 
to the weft threads in a cloth; sometimes termed 
8HOTS. 
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Pldu (Print.) Blots or patches caused by dirty 
ink or pieces of paper or roller composition filling 
up the face of the letter. They are picked out with a 
needle or sharp pointed bodkin. 

Pioolinei (Chem.) The monomethyl pyridines. 
See PYBinutB. a-l’XOOLIMB is a liquid; boils at 
130°; on oxidation it yields picolimc acid. It is 
formed on heating the methyl iodide compound of 
pyridine in scaled tubes. It can be prepared from 
crude pyridine by dissolving in hydrochloric acid, 
and precipitating with mercuric chloride. The 
resulting double salt is decomposed by caustic 
soda. jS-Ficolikk is a liquid; boils at 143°; on 
oxidation it givc.s nicotinic acid. It is obtained by 
heating acrolein with acrolein ammonia: 

H 



H,C^ 

/\ 

H,0:CH 

CH 

•H,CC 

CH 

one 

CTIOH 

no 

(’H 

• 

1I,n/ 

\k/ 


Also by heating glj’cerine with acetamide— 
2CH,OllcnOH0n„OH + CH,CONH, = CjH.CTIjN + 
CH.COOII + SIljO 

S-ricOLlVE is a liquid; boils at 144°; on oxidation 
it givc.s isonicotinic acid. Jt.ia formed along with 
the a-picoline when pyridine methiodide is heated in 
a sealed tube. It occurs in coal tar. 

Picric hcl'^iChem.) (Symmetrical trinitrophenol.) 

OH 

C 

NO,Ci'^C. NO, 

HCV^CH 
C. NO, 

Sometimes called carbazotic acid. Yellow crystalline 
solid; melts at 122 °; .sparingly soluble in cold water; 
fairly soluble in hot water. It is an acid, liberating 
carbon dioxide from sodium carbonate. Rurqs quietly 
on ignition ; the fused acid explodes powerfully on 
detonation; it also explodes with gn:at violence 
when hcate<l witlt an oxidising agent such as red 
lead. It enters into the compoidtion of a nuralxsr 
of smokeless explosives, such a.s lyddite. It unites 
with many hydrocarbons directly, e . g , with anthra¬ 
cene and naphthalene, and the compounds so formed 
are useful in identifying h 3 dro<airbons. With 
phosphorous pentachloride it forms picrylchloride, 
C,H,(NO,),Cl. It is extensively used as a dye; it 
dyes unmordanted wool and silk a greenish yellow 
colour. Hcric acid is formed by the action of nitric 
acid on many organic substances— e.g. resin-s, 
leather, woo), silk. It is prepared by dissoh-ing 
phenol in strong sulphuric acid, and acting on 
the mixture of ortho- and paia-phenol sulphonic 
acids so formed with strong nitric acid. See aho 
Dyes akd Dyeiko and Explosives. 

Plorotoxin (Chem.) The active principle of the 
Indian Berry (Cooeulug indiem). Silkj’ crystals; 
melts at 19:^ to 200° with change; sparingly soluble 
in cold water; fairly soluble in hot water; readily 
soluble in alcohol, liwvorotatory; dissolves In strong 
sulphuric acid with golden yellow colour; reduces 
Fehling’s solution. It is poisonous; its solutions 


have a bitter taste. It appears to he a fiiixtare of 
two substances, taz. Hcr^oxinini, and 

Picroline, CuHjgO,. ■ " - , 

ne (Tijpog.) Unsorted or “broken" type jadisi' 
oriminately mixed. . ‘ , 

Piece Mould. See Cast (Sculp.) 

Piece«ork< A system by which workmen Me 
paid for their labour at so much for each job op 
piece of work, instead of being employed at a fixed 
rate per hour. 

Pieno (Mutio). FulL 

Pier (Build.) ( 1 ) A pillar of brick or stone. (2) The 
part of a wall which is made thicker, forming a 
vertical projection, (3) The solid parts between 
openings in a wall, e.g. where a window or door 
intervenes. (4) The support to which a gate is 
hung. See alto ABCH. 

— (Civil Eng.) A breakwater or jetty built 
out into the sea, serving to form a harbour, a 
landing place, or a marine promenade. 

PiesometCF (Phyx.) An instrument for experi¬ 
ments on the elasticity of liquids; the latter are 
subjected to an increase of pressure, and the resulting 
diminutibn of volume observed. 

Pig (Gluts Manufae.) An iron grooved support 
for tbe blowing or working rods. It is placed 
immediately in front of the month of the Pot, and 
upon the Pat. 

- (Met!) The bars in which various metals are 

cast at the conclusion of the processes of smelting. 
Iron is always cast in pigs weighing alwnt a 
hundreds eight, when it is run out of the blast 
furnace. 

Pig Bed (Met.) A layer of sand in front of a 
bla.st fumaco, in which open moulds arc made fur 
casting the pigs. The main channel along which 
the molten metal runs from the furnace is termed 
the yow. 

Pig Boiling (Met.) A method of puddling iron 
(f.v.), in which basic oxidi.s<Ts are added to the 
metal in the furnace to remove the carbon, etc., 
as opposed to “ dry puddling,” iu which oxidation is 
effected solely by the air in the gases, to which the 
metal is subjected in the reverberatory furnace. 

Pigeon Holes (Tgpog.) Wide spaces between 
word.s are derisively called pigeon holes, it being the 
duty of a compositor to avoid them when possible. 

Pig Iron (Met.) Iron as it comes from the 
smelters. It is roughlj’- clas.sified according to its 
suitability for conversion into wrought iron, steel, 
castings, etc. See alto Ibox. 

Pigments (Bee.) The class of bodies, eitlter white 
or coloured, which, when reduced to a fine powder 
and mixed with oil, japan, water, or other vehicle, 
form a paint (g.r.) Pigments are both of mineral 
and organic origin, white lead and ochre being 
examples of the former, and ivory black and gamboge 
of the latter. A classification of pigments may be 
made cither according to their colour, chemical 
character, or their lasting properties when exposed 
to light and air or to tbe action of lime. The follow¬ 
ing lists ore arranged on the last mentioned plan: 
Pigments which are accepted as Pebmanbbt: 
Colcothar, Indian Bed, Light Bed, Bed Ochre, Bed 
Oxide, Bouge, Scarlet Red, Tenetian Bed, Vermilion 
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(doubtful), Cobalt Blue, Fruasian Blue, Ultaunorine, 
Cadmium Yellow, Bienoa, Yellow Ochre, Chrome 
Gremi, Cobalt Green, Terra Verte, tFmber, Vandyke 
Brown, Xaimpblack, Ivory Black, Carbon Blrck, 
Barytea (Sulphate of Barium), Blanc Fixe, Charlton 
White, China Clay, Gypsum Lithopoue, Orr’a White, 
Satin White, Strotian White, Whiting, and Zino 
Oxide. Not Pebmanbnt, i.e. pigments more or 
less affected by exposure to light or sulphuretted 
hydrogen: Carmine, Cochineal Lake, Crimson Lake, 
Derby Bed, Orange Bed, Bed Lead, Boyal Bed, 
Scarlet Lake, Signal Red, Vermilionette, Mineral 
Blue, Chrome Yellow, Naples Yellow, Chrome Red, 
Emerald Green, Gi'een Lake, Schecle’s Green, Verdi¬ 
gris, Sulphate of Lead, and White Lead. As a con¬ 
stituent of paint a pigment plays an important part. 
It gives solidity and strength to the film of oil, and 
increases its thickness; hence forms a better pro¬ 
tection to the surface to which it is applied. It 
also renders the film less porous. Of white pigments 
which form the base of most paints the chief virtue 
is opacity or body (q.v.) It is principally l^cause 
white lead possesses tlii.s qu.ality in so eminent a 
degree that it is so largely used as a paint. Some 
pigments, such as barytes, are very deficient in this 
quality, bnt being quite inert and very durable they 
make good jmints when mixed in small proportions 
wdth white lead. 

ngSklB (Bind.) The tanned hide of the domestic 
swine. Much us^ for binding in the Middle Ages. 
Dr. Dibdin stigmatises pigskin in book binding a.s 
“ the eternal engendcrer of mould and mildew.” It 
has again come into use for books that are much 
bandied, e.(f. for the backs of books in public lending 
libraries. 

PigtaU Twist. A laboratory appliance for quick¬ 
ening the filtration of liquids where a vacuum pump 
is not available. It is a piece of glass tubing the 
same diameter as the stem of the filter funnel, with 
a single coil near one end. The shorter length is 
coupled to the funnel by indiarubber tubing. The 
weight of liquid in longer limb creates a “pull” on 
the contents of the funnel. 

PilMter (Architi’ct.) A column attached to a wall 
from which it projects one-sixth to one-fourth of its 
width. The anta or pilaster used in Greek work 
always treated quite differently from the detached 
columns, but in Roman and Renaissance work the 
details of the pilaster-capital and base are the same 
as those of the columns. The term pilaster is 
occasionally used to denote a detached square 
column. A pilaster is also known as a parastata. 
See PlLASTEB Stbips. 

Mactar Strips (Arehiteet.) Vertical strips of 
ashlar in the rubble walling of Anglo-Saxon work. 
See Amglo-Saxok ABCHiTEcrtritE. 

Pile (Civil Eng., etc.) A heavy piece of timber 
of square section, pointed and shod at the end, driven 
into soft or wet ground to form foundation for 
masonry or part of a wall, as in the case of a coffer¬ 
dam, etc. 

- (Elect.) (1) A primitive form of battery, 

due to Volta, consisting of a series of alternate discs 
of copper and zinc, separated by discs of cloth 
damped with dilute acid. (2) A Thebmopils (q.v.) 

- (Her.) One of the ordinaries, in the form of 

s long thin wedge with the point downwards. 


Pile (Met.) A number of bars of puddled iron 
(q.v.) arranged one on top of each other ready to be 
heated and welded together; the mass thus formed 
is again rolled out into bars, which are much stroller 
than the original bar, as the grain or fibre of the iron 
can be caused to run in different directions, accord¬ 
ing to the method in which the bars are piled. 

- (TesotUe Manufae.) Tim fibre on the surface 

of cloth. It may be obtidned by raising, in cloths 
which liave been felted; or developed in waving by 
using wires over which the warp threads are pasaecl 
and cut; or left in loops, as in Axmlnster and 
Brussels carpets, respectively. 

Pile Cap (CivU Eng.) A horizontal beam con¬ 
necting the heads of ^joining piles. 

Pile Driver (Civil Eng.) Mechanism for driving 
piles into the ground. It consists essentially of a 
heavy weight, termed a MoNKBV, which is allowed 
to fall from a considerable height on to the head of 
the pile. It is guided in its fall by two uprights, 
forming part of the frame of the pile driver. The 
weight is raised either by hand or by pf>wcr. 

Pile Hoop (Civil Eng.) A hoop or band of iron, 
fixed on the npper en<l or head of a wooden pile to 
prevent the timl>cr from splitting under the blows of 
the falling weight or monkey of the pile driver. 

Pile Screw ( Ciril Etig.) The screw at the end of 
a BCBEW i’lLE (q.v.) 

Pile Shoe (Civil Eng.) An iron point fixed to 
the end of wo^en piles to enable them to enter the 
ground. 

Piling (Met.) The arrangement of bars and slabs 
of malleable iron or steel to form bundles or “ piles,” 
which are reheated and weltled into a solid mass 
from which sheets, rails, and mercliantable iron are 
rolled. Experience and skill are noedeil in the 
selection of metal and method of piling for various 
pujqioses. 

PUlar (Architect.) A disengaged column used to 
6 U]>port an arch. Its proportions always differ from 
thMe of the orders when used in Roman or Renais- 
sance architecture. See Clustebed PlLLAB. 

- (Mining). A column or mass of ore or rock 

left in giia in order to support the roof of the 
working. 

Pillar and Stall Syitem (Mining). See Mim^ig. 

Pillar Drill (Eng.) A drilling machine carried 
by a vertical central column or pillar. 

Pillar File (Eng.) A thin narrow file, usually 
with a Safe Edge (q.v.) 

Pillow Biook (Eng.) A Plgmmeb Block (q.v.) 

Pilot Engine ( Civil Eng.) An engine run in front 
of a train to ascertain that the line is clear, signals 
in working order, etc. 

Pilot Lamp (Elect. Eng). An incandescent lamp 
which is used to indicate roughly when the voltage 
of a dynamo, storage battery, etc., has its proper 
value. 

Pilot Wlree (Elect. Eug.) Wires leading from r 
particulm' point in a circuit to enable tests of tlie 
voltage, etc., at the point to be made at a testing 
station. 
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PUy omI PUy Boidy A shield divided 

£ lle also with piles aad bends; the latter term 

) then used. See Pilb and Hebaldbt. 

Mu iCarp. Jt Join.) (1) A piece that fits into 
the socket of a dovetail. (2) A short wooden rod of 
small diameter, need in a variety of ways. 

^A general term for a small cylindtical 
piece of metal, especially one forming the fnlcmm of 
a lever, or small ^ed axle for a wheel or pulley. 


Piaaeold A crystal form which lies 

parallel to two of the axes of the crystal. 


Pinaeollae ( Chem.) OH,. CC . C(CH,),. A colour¬ 
less liquid; boils at lOB'*; smells like pepper¬ 
mint. On reduction it forms pinacolyl alcohol, 
OH,CHOH. C(CIL)„ which is a liquid smelling like 
camphor; on oxidation it gives trimethylacetic acid, 
(CH,).G. COOH. It is formed when pinacono is 
heated with dilute sulphuric acid— 


CH,CH, 

V^^OH 

c.on 

CH,CH, 


Pinaoone (Chem.) 
(CH,),C.On 
I 

(CH,),C.OH 


OH. 


CH,-<i-CH, + H,0 


CO 



(Tetramethylglycol.) 


White crystalline solid; melts at 38®; boils at 172*; 
soluble in alcohol and in ether; dissolves in boiling 
water, and crystallises with fiH,0; the crystals melt 
at 42°. Heated with dilute sulphuric acid it loses 
one molecular proportion of water, and undergoes 
a Tcmarkablo intramolecular change to Pinacoline 
( 5 '.r.) Pinacone is obtained by the reduction of 
acetone with sodium. Si>e Ketokes. Pinacone is 
the simplest member of a wlude series of tetra-alkyl 
glycols, which are called by the general name 
Pinaconcs. 


Pinaeotheca. A picture galiery. 

Pinean. In carpentry a tool pravided with jaws 
for gripping the head of a nail which it is desired to 
withdraw from wood. Also applied in other trades 
to tools, constructed on a similar principle, used for 
gripping different objects. 

Piaeh Bar (Eng.) A crow bar. 

Pinehbaolu An alloy of copper, zinc, and tin, 
something like gold in appearance, formerly used 
in the manufacture of cheap jewellery. Hamcd after 
the inventor, Christopher Pinchbeck. 

naohod Post (Paper). A sheet of drawing or 
writing paper measnnng 18^ by 14| inches. 

Pla Gap (Cotton ginning). See Cop. 

Pill Drill (Eng, etc.) A drill or bit having a small 
cylindrical projection in the centre of its cutting 
end, which serves as a guide when a small hole (into 
which the pin fits) is being drilled out to a larger 
size. 

Piaa. See Woods. 

Ptnaaiffla (B<danyi). The well known fruit of 
the tropical plant Anatia* taiitv* (order, Bromeluuseee) 


consists of a succulent mass formed by the coal* 
esoenoe of the fruits of a mass of Sowers. 

Ptneae (Ckem.) (A Terpene.) 



A colourless liquid; boib at 155°; volatile in steam; 
smells like turpentine; it is known in a dextrorota¬ 
tory (45°), a Imvorotatory, and an optically inactive 
form; insoluble in water; soluble in ordinary 
organic solvents. It has a very laige number of 
reactions which are important in the chemistry of 
the terpenes (g.v.) A few are ; (1) It adds one 
molecular proportion of bromine, forming a dibro- 
midej it adds a like amount of hydr(^en chloride, 
forming a hydrochloride (artificial camphor); it 
adds a like amount of nitrosyl chloride, forming 
pinene nitrotoehloride ; it adds twice the amount 
of hypocblorous acid, forming a dichlorhydrin with 
splitting of the bridged ring; it ad^ two molecules 
of water under the influence of dilute sulphuric or 
nitric acids, forming terpin hydrate, which has been 
synthesised and shown to have the constitution (tee 
Tebpenes) 



When the dibromide is heated, it gives cymene; 
pinene itself on heating with iodine also gives 
cymene— 


CH CH 


CH,.c/ \c.CH 
CH CH 



WTien the hydrochloride is heated with sodium acetate 
and acetic acid at 200°, it does not yield pinene 
again, but an isomeric terpene called camphene. 



The hydrochloride from dextropinene is inactive; 
that from laevopineno is Isevorotatoiy'. The nitroso- 
chloride, on heating with alcoholic potash, loses 
hydrochloric acid and forms nitrosopinene, which 
can be reduced to an amine, and the pinylamine 
hydrochloride on heating gives a good yield of 
cymene. The nitrosocbloride is important u a 
means of identifying pinene ; for this purpose it is 
prepared by acting on the pinene with glacial aoetio 
acid, ethyl nitrite, and hydrochloric acid in the cold: 
the nitrosochloride crystallises out. (2) A very 
large amount of work has been done on the oxidation 



PEN- 


PIP 


S34 


products of pinene. It is oxidised in air under the 
influence of sunlight to pinol hydrate. 

OH 

CH CH, 

>-9’ 

CH,.C<^ yCH.C 

CH CH, 

Pinol itself— 


HyCH, 

/ 

\CH, 



is always formed in small quantity in addition to 
the nitrosocbloride, when nitrosylchloride acts upon 
pinene. When pinene is oxidised with nitric acid 
It yields terephtbaliu acid and tcrebic acid— 

OC-CII„ 

cir, 

— ':^cn 
C'H, 

COOH 

The same acid is formed when pinol is oxidised with 
nitric acid or with permanganate. When pinene is 
oxidised with chromic acid it yields terpenylic acid : 

OC-CH, 

CH, 

0-C— NCH 

CH, / 

HOOC-i'H, 

Tlie same acid is formed when pinol hydrate is 
oxidised with potassium permanganate. Both 
terebic and terpenylic acids have been synthesised. 
It will bo seen that every reaction is in harmony 
with the formula given for pinene, so that although 
pinene has not been synthesised its formula may be 
regarded as establishe<l. Pinene is the principal 
constituent of turpentine, and the dextropinene 
occurs in American and Burmese turpentine, and the 
Isevopinene in French turpentine. Pinene also 
occurs in many other essential oils, e.g, those of 
rosemary, june, juniper, camphor, laurel, lavender, 
mace, p^slej’, sage, etc It can be obtained from 
terpentine by distillation. 

PinhoUng i_Dec.) This defect in varnished work 
i.s only found on the best cla.ss of work, which has 
been rubbed down with felt and jiowdercd pumice- 
stone, and is due to the ground ijumice not having 
l)een properly washed off. 

Pinion {Eng., etc.) A small toothed wheel. The. 
term does not denote any particular size or form of 
wheel. 

Pin Mark {Typog.) A small circular indentation 
on the side of a type, ma»le in the process of casting 
by a small pin in the mould. See TvPEFOUNDiNtt. 

Pinnacle (Architect,') A feature which frequently 
forms the termination of a buttress in Gothic archi¬ 
tecture. It was used with the object of adding weight 
to the buttress, thus assisting the latter in resisting 
thrusts. It generally consists of a shaft terminating 
in a small spire. Sec Plying Butthess. 


Pinny (Met.') Metal containing spicules or small 
fragments of metal, harder than the rest, is said to 
be “ pinny.” 

Pint. See Weights and Measures. 

Pinos (Botany). A large and important genus of 
donifero!, yielding timber, resin, turpentine, tar, and 
other products, 

Pinzit. This Latin word, or the abbreviation 
piax., following the name of an individual on a 
painting or engraving, indicates that such person is 
the iiainter. The I.,atin word tcmlptU, or the abbre¬ 
viation sculp., indicates the engraver. 

Pipe Bending (Eng., etc.) In bending pipes of 
soft or malleable metal the cavity is first filled 
with sand, resin, fusible metal, etc., or by driving a 
bobbin or follower into the bore; the pipe is then 
bent by hammering or by the direct application of 
force in some convenient way. The material in the 
bore prevents a collapse of the pipe at the bend; it 
is removed when tiic bending is completed. 

Pipeclay. Kaolin or china clay (q.v.). It is used 
in forming both moulds and patterns in some kinds 
of castings, and for very many economic purposes, 
c.y. cleaning or whitening soldiers’ belt.s, gloves, etc. 

Pipe Cotter (Eng., etc.) A tool consisting of a bar 
bent into a hook which grasps the pipe, and a sharp- 
edgetl disc of hardened steel which travels round the 
outside of the piixj. By applying considerable pres¬ 
sure this steel disc cuts into the metaU 

Pipe Moulding. Cast iron pipes are usually made 
in considerable quantities at a time; tbc smaller 
sizes arc moulded from an iron pattern, the larger 
ones are struck (q.r.) The mould is commonly 
vertical. 


Pipe, Organ. See Musical Instruments. 

Pipe Ovens cr Stoves (Met.) A scries of pipes 
enclosed in a chamber or oven heated by a fire or by 
furnace gases; air is driven through the pipes to 
l>ecome heated before being supplied to a blast 
furnace w'orked with a hot Mast. 


Piperacea (Botany). A lowly order of Dicoty¬ 
ledons of economic interest, as the genus Piper 
supplies the condiment pepper and t’ubebs and 
Matico. The Betel leaf used in Areca nut chewing 
is derived from Piper hetle. 

Piperazine (Vhem.) Nil ^ c!r> 

White crystalline solid (tables'); melts at 104"; boils 
at 146°; soluble in water; it.s solution is a good 
solvent for uric acid, and is used in medicine, but 
its value is doubtful; powerful alkali; obtained by 
heating ethylene diamine hydrochloride, or by heating 
aniline with ethylene dibromide, forming the nitroso- 
compound of the product of this reaction, and boiling 
the nitroso-compound witli alcoholic potash— 


2 C.H 5 NII, + 2G,H,Br, = + 

4HBr ON. C,II,N N. C,H,NO -> 

Piperidine ((Biem.) 


CH, 


H,C|;^CH, 

II,cl^CH, 

NH 


(Hexahydropyridinfi,) A colourless liquid ; boils at 
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535, 
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106°; smells like ammonia and pepper; soluble in 
water; powerful base, forming salts; it is a secondary 
base, for it yields a nitroso.oompound with nitrous 
acid, and gives methyl piperidine with methyl iodide. 
Not attacked by boiling concentrated nitric acid; 
heated with concentrated sulphuric acid, it yields 
pyridine. It is prepared from piperino (f.o.) by 
boiling with alColiolic potash; also from pyridine 
by rrauction with alcohol and sodium amalgam; 
also by heating pcntamethylcncdiamine (jssCadave- 
bike) hydrochloride 

CFI,-ClI,xn,HCl 

CH, - cii;nu,iici “ 

+ NU,C1 

Piperiae iChem.y 

cn, 

ll,c CIT, 

II,O' CH, 

X/ 

N-co-cn=cn-cii = cii. cj 

(an alkaloid). A white crystalline solid (prisms); 
melts at 1251°; insoluble in water, soluble in alcohol 
and ether; it is a very weak base; with concentrated 
sulphuric acid it gives a blood-red coloration which 
vanishes on addition of water (test). Boiled for 
twenty-four hours with alcoholic potash, it is resolved 
into piperidine (//.r.), which can be distilled off, and 
iperic acid. Tiperine can bo reproduced from these 
y making the chloride of pij)eric acid and allowing 
this to net on piperidine in solution in benzene. 
When piperic acid is o.\idi.-ed it yj<*lds pipcronal 
(q.v.), an*l the acid can be synthesised from pi}>eronal 
thus: riperoual is carefully heated with aldehj'de 
and dilute caustic soda— 




/' 0 ..('T 1 ., 

‘/li ^ C'Uj.CHO = 

\c 

\o 

' + llaO 

\CII: CII. CHO 

Pi;ieron}'l Acrolein. 


This aldehyde undergoes Berkin's reaction (//.r.) with 
acetic anhydride anil sodium acetate— 


, 0,CI1, 

: CIJ. CHO 


‘ ■ +cn,cooii 

\(H - --- 


^'0,C1L 

■ + II..O. 

\cil: CII - Cir : CII - COOII 


The product is i<ii>eric acid. Thus jiiperinc is an 
alkaloid which can be oompleUly synthesised, 
riperino occurs in black pcp;>cr, whito pepper, long 
pepper to the extent of 8 to » per cent. It is obtained 
from the ground w'liite pepper by mi.xing it with 
slaked llmo and water, boiling for 15 minutes, and 
evaporating to dryness on the water bath. The dry 
powder is extracted with ether, and the crude 
alkaloid crystaJHscs out on concentrating the etheral 
solution. It is recryatallised from alcohol till 
pure. 


CHO 

*C 


Plperonai iChem.) 


(Frotocatechuicaldehyde methylene ether). Also 
called Heliotropine, because it smells like heliotrope. 
A white crystalline solid (prisms); melts at 87°; 
soluble in alcohol, ether, hot water. Its ehemical 
behaviour is that of an aldehyde, e-y. It gives 
pipcronylic acid, CH,O,C,n,C00H, on oxidation; 
pipcronyl alcohol, CII,0„CgIljCH,OH, among other 
product-!, on reduction*; and it yields an oxime which 
melts at 110°. It is formed from protocatechuic 
.aldehyde and methylene iodide by the action of an 
alkali: it is also formed by the oxidation of piperic 
acid (see I’ipebike) by potassium permanganate. In 
quantity for use as a perfume it is prepared from 
isosafrol. Ace Bafeol. The isosafrol is oxidised by 
potassium dichromate and dilute sulphuric acid, the 
product distilled in steam, the distillate extracted 
with ether, and the piperonal purified by conversion 
into its bisulphite compound. 

CII =‘CII - CH, CHO 

V C 


nCf^CH 




CO\ 



Isosafrol. 


Filieronal. 


Pipe Sleeken (Moulding). Tools used in smooth* 
ing the interior of moulds for pipes, etc. 

Pipe Tap (JUng., ete.y A screw tap (q.v.) for cut¬ 
ting gas tlireads; often termed a (lAs Tap. 


Pipe Tongs (Fng., etc.) Tongs with jaws adapted 
to holding and screwing up wrought iron pipe or 
barrel, i'he inner surface of the jaws is curved to 
tit the pipe, and furnished with grooves or serrations 
to secure a firm grip. 

Pique (.Textile J/anu/ne.) A cloth with ribs or 
welts running from selvedge to selvedge, produced by 
the insertion of thick weft or wadding between a fine 
face cloth and the back warp. 

Pirametep. An instrument for measuring the 
aniinint of draught resistance of a road to a vehicle. 

Pirl Finish ( Mmdlen and Wonated Manvfac.) A 
style of finish applied to fine cloths of a Venetian 
typo in which clearness and brightness are the chief 
ch.araeteristics. 

^\vn (Cotton Manvfac.) A bobbin, tube, or quill 
used for winding weft yarn on to, so as to fit into the 
shuttle. 

- or Quill (Silk Manvfac.) A hollow bobbin 

carried in .'.luittle on which the weft is wound. 


Piscina (Architect.) A shallow basin placed in a 
niche near the altar in a church. A pipe is carried 
from the basin to the exterior of the building, the 
piscina being intended to receive the water ns^ by 
the prioht ior washing his hands and rinsing the 
chalice used in the Communion Service. 

Pisolite (^»V<;f.) A coarse variety of oolite (q.v,) 
with the separate grains, in many <»ses, as large as 
peas. Like normal oolite, this type seems to b^ in 
nearly all cases, due to deposition around a nucleus 
of successive havers of carbonate of lime secreted 
and left by an alga. 
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Piston la general a movable partition 

fitting doself into the bore of a hollow oylinUer. 
The piston of a steam engine is a disc, finnljr attached 
to the piston rod, and provided with grooves on its 
ciionmferenoe into which are fitted piston rings (q.v.) 
or some other form of 6team>tight packing. In gas 
and petrol engines the piston is usaallj a tnbalar 
casth^ closed at one end, and the connecting rod is 
attached to the piston without any intermediate 
piston rod. See Gas EKOiitis, etc. 

A valve used in brass instruments, 
enabling the tube to be lengthened, and lowering the 
pitch of the sound. See Valvb Hobn, p. 435. 

PittoB Paekiag ( Eng.) The material placed round 
a piston to make a steam-tight or an air-tight fit. 

Platon Sing {Eng.) One of the metal rings fitted 
on a piston to make it steam tight. They are turned 
to a mameter slightly larger than that of the cylinder, 
and are then cut across and opened out sufficiently 
to enable them to be passed over the piston till they 
fall into one of the grooves cut on the periphery of 
the piston. When the piston is put in place the rings 
press closely against the bore or the cylinder. The 
joints or cuts in tbe rings should be arranged so that 
they do not come opposite to each other, in order tliat 
the possibility of leakage may be reduced to a 
minimum. 

Piatim Rod (Eng.) The cylindrical rod which i 
communicates the motion of the piston to tbe con- j 
necting rod. j 

naton Rod Gland (Eag.) The short tube which | 
fits into the stuffing box (q.r.) in tlie cylinder cover, j 
and presses the packing against the piston rod in | 
order to make a steam-tight joint. 

Platon Spring (Eng.) A pi'-ton ring or in 
some cases a steel spring placed in tbe groove round 
the piston to press the ring outward against the 
cylinder. 

Platon Yalve (Eng.) A valve consisting of a 
small piston and cylinder ; in tlie side of the latter 
are the openings, which are opened and closed by the 
movement of the piston past them. I’iston valves 
are occasionally used in steam engines instead of the 
ordinaiy Slide Valve (q.v.) 

Piteh. The solid hydrocarbon residue left after 
the final distillation of certain organic substances, 
e.g. coal tar. It is used for caulking jointsv etc., 
and occasionally fuel. See Gas Manufactpbe, 
Patent Fuel, Petboleum, Resins, etc. 

- 1 Bnrgondy (Botany). A re.sinou8 exudation 

from the stem of the spruce fir, Pieea exoelea (order, 
Canifer<e). The chief supply comes from Austria, 
Baden, and Switzerland. It resembles colophony, 
and is used medicinally for making plasters. 

—. Coal Tar (Bee.) This is sometimes used 
instead of Yolges pitch as a substitute for natural 
aspbaltum. It is obtained by distillation of coal tar, 
and is of two kinds—soft pitch and bard pitch. The 
latter is too brittle for ordinary use. Soft pitch is 
thinned down with naphtha for varnish makers’ use. 
It is also used to mix with coal dust to make 
briquettes. 

intoh (Build., Eng., etc.) (1) The angle of in¬ 
clination of a roof, a fiigbt of stairs, etc. (2) The 
distance between tbe centres of a number of holes, 
bolts, rivets, etc. (3) The distance a screw-tbread 
advances in a single turn, measured along a line 
parallel to the axis. (4) Ilie distance between the 
centres of wheel teeth, measured on the pitch-line. 


Pltoh (MuHe). The acuteness or gravity of a 
sound, determined by tbe rapidity with which the 
vibrations follow one another. The nomenclature of 
tbe different octave pitches is 
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CCC to BBB. 
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c‘ to b* 
oDce marked 
or 2 ft. Sve. 


e io1). 


o’ to V c’ to V 

twice marked tlirice 

or 1 ft. Sve. nuirked or 
C ill. Sve. 

c‘ to O'. f" to b‘. 


c’teb* 
four time* 
marked or 
3i&. Sve. 
c* fo 6*. 


In organ nomenclature, however, it is usual to talk 
of these octaves differently, us shown in the lower 
line of italics above. 'Phe standard of pitch in 
England unfortunately varies considerably. The tw'c 
recognised pitches in use at the present time (1905) 
are the following: (1) The Old Phillutrmonic or 


high concert pitch, A 




_a: 


=» 456, and C, 



540 dsuble vibrations per second at 


68 ° Fahrenheit. Tb/s ‘ pitch was introduced into 
England at the old Italian Opera, and adopted as the 
Knellcr Hall or military pitch. Feeling is strongly 
against this extremely high pitch, which is 34 
double vibrations per second more for A than in 
Handel’s time; but unfortunately, partly because 
of the cxjicDse of providing new instruments for tho 
liands, and partly because of an idea that more 
brilliancy is obtained with a high pitch, tbe re¬ 
tention of this high pitch is persisted in by militaiy 
banfis. (2) The other recogniseil pitch is the New 
Philharmonic, or Diapason Normal, A » 489 and 
0 522 double vibrations per second. This pitch 

has been adopted not only by the Philharmonic 
Society, but also by the Royal Academy of Music, 
the Royal College of Music, the Guildhall School of 
Music, the Queen's Hall Orchestra, the Italian Opera, 
etc. The orchestral instruments are tuned to the 
French diapason normal A == 435, it being found that 
as soon as the instruments warm up tho pitch rises 
four vibrations to A =■ 439; therefore, to meet this 
natural shariiening, the organ and pianoforte (tbe 
steel strings of this latter instrument having so 
great a tension—<ire Pianopobte, p. 430—are un¬ 
affected by the temperatore of the building during 
a concert) are tnnod to A » 439, as otherwise those 
instruments would soon be out of tune with the 
orchestra. Besides these two recognised pitches, 
there is the Medium, A “ 446, and C =« 630. In 
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Bnglimd pianoforte tuning is done from a C tuning 
forl^ the A tuning fork being more useful for 
orobestral and other stringed instruments.—W. W, 

Plidi {Tyjpog^ A line, imagpnuy or real, drawn 
across the ooffin or bed of a prints machine to 
indicate the ‘place at which contact is first made 
when the forme passes beneath the cylinder. The 
distance from the edge of the bed may be measured 
by a gauge. 

Pitehblende (IflA.) A complex nranate of uranyl, 
lead, and other metals, usually thorium, often 
metals of the lanthanum and yttrium groups, and 
containing traces of radium. Cubic, the cryst^ised 
varieties being known as Uranniobite, Broggeritc, 
Cleveite, and Nivenite. The c^stallised varieties are 
tare. The commoner massive variety is of a dull grey 
black colour, and has a peculiar pitchlike lustre. Its 
density is high—the massive variety about (i'4 and 
the crystallimd variety as high as 9*7. It contains 
70 to 80 per cent, of the oxides of uranium, with 
about 10 i)er cent, of lead, 6 per cent, silica, and 
3 fKr cent, ferrous oxide, besides traces of many 
other elements. Also known as Uraninito. It is 
found in several mines in Cornwall; abroad at 
Eongsberg in Norway, Marienburg, Schiiceberg, 
Jolianngcoigenstadt, and Wiesenthal in baxony, 
Joachimstal and Przibram In Bohemia, Betzbanya in 
Hungary, Adrianople in Turkey, Middletown and 
Haddam in Connecticut, etc. Jn Bohemia uranate of 
sodium Is made from it. The oxide of uranium pre¬ 
pared from it is used to gi\o the well known 
opalescent green colour to glass. As a porcelain 
pigment the oxide gives a yellow tint in the 
enamelling furnace and a black colour in the baking 
furnace. The mineral is now of great iulere'>t as 
tlic chief source of radium. 

Pltchbeard (fbm and Join.) A triangular 
sha]>cd piece of board, used for setting out stairs. 

Pitch Chain {Eng.) A metal chain, sucli as that 
used ill cycles fur transmitting motion from one 
toothed wheel to another. 

Pitch Circle (Eng.') Two ordinary tootberl wheels 
gearing with one another may be replaced in theoiy 
by two oirclos rolling in contact, termed the Iltch 
Ciroles; the ratio of the diameters of these two 
circles is inversely as the angular velocities of the 
two gear wlieels. See aho Whbkl Tketh. 

Pitch Cone (Eng.) A pair of bevel wheels can bo 
repioued in theory by a pair of oonea rolling in contact 
with each other, the axes of the cones intersecting 
and coinciding with the axes of the lievel wheels. 
These cones are the pitch cones of the two wheels. 

Pitcher. A granite set. A small paving stone. 

Pitching Pietm (Build.) The carriage pieces 
supporting winding stairs. 

Pitch LIm (Eng.) In tho case of a toothed rack, 
the pitch circle (q.v,) becomes a straight line, which 
may be termed the ritOH Ijttu. The name is, how¬ 
ever, often used for the pitch circle of an ordinary 
wheel. 

Pitch of CSialni (CgeUt, ete.) Tlio distance 
between the centres of two successive plus in a 
chain. 

Pitch of Pelei, Windings, otc. (Eleet. Eng.) The 
distance between the centres of polos, armature 
oonductors, etc., meaxnred along the pitch line. 


Pitch of Whoeb (Eng.) The distance from the 
centre of one tooth to the centre of the next. 

Pitohpipo (Muilo). A small reed pipe made of 
metal which sounds the different notes of the scale 
when the wind is drawn through by the mouth, 
according to the length of the vibrating portion. 
The len^hs are marked off at the end. It is known 
as Eardiey’s cbiomatic pitchpipe. 

Pitchstono ( Geol .) An eruptive rock with a resin¬ 
ous fracture and lustre, usually of sub-acid or even 
of sub-basic composition, which has cooled from the 
molten state under but little pressure and at a com¬ 
paratively rapid rate. Bence it has passed direct 
Into a sub-vitreous state. Most, if not all, pitch- 
stones occur as Trappean rocks. One of the best 
known examples is the Pitchstone of CorriegHls, 
Arran, in which the microscope reveals structures of 
great interest. Another forms the bcuix of Eigg, 
which may also be intrusive. 

Pit Head Gear (Mining). The supports of the 
winding gear (^.v.) over the mouth of a shaft. 

Pitman (Eng.) A Conkeciino Rod (q.v.) 

Pit Bdnd (Build.) Rand that is dug out of a pit, 
as distinguished from sea and river sand. 

Pit Saw (Carp., ete.) A long saw worked by two 
men, one standing above the wood, the other below, 
in a pit, termed a Raw Pit. The pit saw is now 
superseded by savs worked by power. 

Pitting (Dec.) A defect in varnish which on 
drying shows small holes over its surface. It is 
caused b> a greasy, damp, or oily surface, or it is 
caused by appl>iug an elastic varnish over a hard 
and unyielding ground. Resin varnishes of low 
grade not infrequently exhibit this defect. 

- (Eng.) A common form of corrosion in 

boilers. It is not peculiar to any special part, except 
in locomotivc.s where the largest ring and bottom of 
the barrel suffer most. Feed w’ater heaters suffer 
chiefly at tho cold water inlet. It takes the form of 
cones or spherical depressions filled with a yellowish, 
dusty deposit, consisting mainly of ferric oxide and 
B >me organic matter, with mineral salts. The powder 
forms a blister al>ovc the pit, having a thin skin. 
The skin is chiefly calcium carbonate, ferrous oxide, 
gy’psum, and magnesium carbonate. Bad circulation, 
\ery soft, lime free water, and condensation in the 
upper })art of the steam space, when one boiler in a 
battery is kept standing for long, seem to be the 
chief causes. 

Pin (Miuie). More ; as pin mom, more move¬ 
ment, quicker. Pia/wte, louder: abb,j»./. 

Pivot. A point, centre, or fulcrum, on which a 
related part turns or oscillates. 

- (Cloeht and Watrhei). The reduced cylin¬ 
drical end of a small shaft or “ arbor ’’: tho part that 
works in the bearing. 

Plxxieato (Mutic). A direction used in stringed 
instrument music to denote tliat the strings are to be 
plucked with the finger instead of being uowed. 

Plaoe Bricks (Build.) Underburnt, soft bricks, 
only used for inside walls that have to be plastered. 

Plaeer ( Mining). (1) Gold dig^iings in general, ije. 
where surface deposits are wash^ for gold, etc. (2) 
Mining by means of a jet of water under pressure 
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(hydratilic miuing), by which loose earth, etc., is 
w^bcd away, is often termed Placer Mining, 

Planer iPpttery). A person whose dnty it is to 
place the various wares in their right positions in 
their respective ot'ens. 

Pla^al (iVuftV). See Modes. 

Plagsl Cadence (MvMc). See Cadence. 

Plagioelase (ffeol.) A convenient general terra 
employed for all the felspars except Orthoclasc, ns 
all but this one cleave at sucli angles that no two 
of the adjacent cleavage faces are at right angles to 
each other. The two chief Plagioelase fel.spars are 
the Soda felspar Albite and the Lime felspar Atior- 
thite. Native mixtures of these, in various propor¬ 
tions, constitute a number f>f intermediate types, of 
wliich the Soda Lime felspar Oligoclase and tl e 
Lime Soda felspar Labradorite arc geologically the 
most important. 

Plain {Lace Manvfac.) Yarn that has not been 
“ gassed." 

Plain Song {3fiutic). It is the special music used 
officially ill the Church ecr\ices, and is so called to 
distinguish it from measured and figured music. The 
music is written on four-lined staves with either the 
■•§ (F) or 5 (C) clefs placed on the most convenient 

line according to the compass of the roclod}'. 
which usually does not exceed an oct.nve. The 
notation consists of three shapies, the the ■, and 

I 

the 9. These have always been known as the long, 
the breve, and thesemibrcie; but the investigations of 
the Bolesmes Fathers show that these different shapes 
are tlie result of different plain song writing, and do 
not express difference of time value. It is shown 
that diamond shaped notes occur in well written 
manuscripts in descending passages only, and Spanish 
manuscripts have diamond shaped notes instead of 
square ones throughout, w'hilst a tail is added to 
every single note. These notes are used in combina¬ 
tion to form certain figures called neum.s. The plain 
song melodies are formed from certain scales called 
modes the only accidental allowed being the 

B flat, and this in order to avoid the Interval of tlie 
tritone. See also Modes atul Notes. 

Plain Tile {Build.) A flat nwfing tile, with or 
without nibs at the back for fixing. 

Plain Weave {Cotton Manv/ac.) Sec under Loom 
(figs. 2 and 3). 

Plan. (1) The view of an object as seen from 
above, (2) Commonly used for a Sectional I’lan ; 
that is, the intersection of any object, e.g. a building 
witil a horizontal plane. If this plane coincide with 
the level of ground, we g«>t a Obousd I’lan ; but 
drawings showing the outline of different tioors arc 
also termed plans. 

Planchet {Coins). A flat smooth strip) of metal 
from which coins are struck. 

Plane. A flat surface, i.e. one in which a straight 
line lying entirely in the surface may be drawn in 
any direction. The la.st condition should be noted, 
for straight lines may be drawn on the surfaces of 
cylinders, cones, etc., but th.ey cannot be drawn in 
any direction. 

- See Woods, 

Plane, Plane Ivon {Carp.) See Planes. 


Plane of the Ecliptio ( Attron.) The plane in 
which the Earth moves round the sun. 

Plane of Twinning {Mjn.) See Twin Plane. 

Planer {Typog.) A rectangular flat piece of wood 
with a smootli suriace, and generally grooved on the 
longer edges. Used in conjunction with the mallet 
for levelling type before it is locked up in the chase. 

- {Bng.) See Planino Machine. 

Planes {Carp, and Join.) Planes nsed in the 
w’oodworking trades may be divided into throe main 
Classes, according to the nature of the surfaces which 
they arc required to produce, as follows ; (1) Planes 
used in producing plane surfaces of indeflnite width, 
e.g. Jack, Tbyino, Jointing, and Smoothing 
Planes {q.e.) (2) Planes for forming plane surfaces 
of definite and usually small width, e,g. Babbet 
Planes, Ploughs, Match Planes, etc. (3) Planes 
used for forming curved surfaces, suiffi Jis Bounds 
and Hollows, Moulding and Beading Planes, 
Compass Planes, etc. 

The friraj)!*) planes in Class 1 arc described 
separately. Those in Class 2 have a narrow iron, the 
cutting edge of which extends to the extreme outer 
edge of tlie botly or stock. They are in mu.st cases 
provided with a Fence or guide, which is pressed 
against the edge of the piece of wood which is being 
worke<l. and esiuscs the plane to travel parallel to 
this edge. A Bahbet or Kebatb Plane has a 
cutting iron from li in. or more in width, and is 
used for forming a rabbet {q.v.) along the etige of a 
jiiccc of wood. The best forms have a fence. A 
Plough has a set of irons, from ^ in. in width 
upward; it is used for cutting grooves of various 
depths and at various distances from the edge of the 
wood. A vertical stop or fence is fitted to regulate 
the depth of the groove. A Biioulder Plane 
resembles a rabbet plane in form, but has no fence ; 
the body is usiudlj' made partly or entirely of metal, 
and the cutting iron is set at a very acute angle. It 
is used in cutting acros,' the grain in finishing off the 
shouhlers of tenons. Match or Matching Planes 
are made iu pairs, with iron.s suitsibly shaped for 
forming tongues and grooves, etc., for joining two 
boanls edge to cilge. 

Planes coiiLairicd in Class 2 vary very much in the 
form of the cutting iron, but otherwise are very 
similar in pattern; they are usually without a fence 
when made of wood, though the American yxitterns 
usually possess one. Hollows ami Bounds are 
planes with cutting irons whose edge is an arc of a 
circle; they are made in pairs, ono being concave, 
the otlicr convex. BEADING Planks have the cutting 
edge so sliapcvl as to cut bends of different forms, 
the solo of each plane being so sha]>ed as to fit 
exactly to a piece of the finished beading. COMPAS.s 
Planes, Vioi.in Makebs’ Planes, etc., have a 
curved sole and cutting edge, and arc used in pro¬ 
ducing variou.s concave and convex surfaces. 

All the above planes m;iy be made either of woo«l 
or iron; the latter luive not come into common uso 
in England, though they possess many advantages. 
Among these are the freedom from wear, absence of 
warping and cracking, etc., which prevent the plane 
from losing its correct shape; the better method of 
fixing the iron and of a<i justing its exact position; 
tlie very convenient fences, etc. There aro also 
various forms of iron plane which cannot he madq 
in wood at all, such as a Hide Babbet Plane, use^ 
for planing the ’ sides of a narrow groove, and a 
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CiBOCLAB PitANB with a flexible steel sole, which 
can be bent into an arc of a circle, either convex or 
concave. The radius of this circle can be varied 
within very wide limits, and the plane nse<i for 
finishing off circular work, such as carriage wheels. 

Planei of Symmetry (.Viii.) Imaginary planes 
dividing orj'stals into halves which are symmetrical 
to one another. The cubic system has nine possible 
planes of symmetry, the hcimgunal division of the 
rhombohedral system has seven, the rbombobedral 
division of the same system has four, the tetragonal 
system has five, the orthorhombic system three, the 
monosymmetric system, as its name implies, has only 
one, and the triclinic system has none. 

Plane Barfaoe, Production of. (1) Mechanical 
Methuu : Three similar plates of iron arc taken, 
each having a surface which has been rendered 
approximately plane by means of a planing machine 
and the ordinary processes of the workshop. One of 
these is then covered with a film of red lead and oil, 
and prcssptl against tlie second plate ; the projecting 
portions of either plate cause a jiatch of red lead to 
be transferred from the first to the second pl.ate, and 
these projecting portions arc removed by scraping. 
IJy proceeding in this way it is possible to make 
tlie surface of the second plate an exact counter¬ 
part of that of the first. In the same way the 
third plate can also be made a counterpart of 
the first. If now tl>e seconU and third plates 
be compiired, they will not be an exact counterpart 
of eacli otlier unless tlic first was truly ph»nc. Ky 
the comparison of the thrcK.*, taken in jjairs, they can 
uUimately be brought to the same form, wliich must 
be a plane surface. When once sucli a plane surface 
has been prciiared, it may be used as a standani by 
winch other surfaces may be rendereil plane. iScc 
SuEFACE Plate. (2) Optical Method: Ltird 
liayleigh’s mctliod of testing the form of a surface 
is to fi-x tlie plate in a vessel filled with water at 
such a dcptii tliat the surface is about ‘5 mm. under 
the water. Jf the surface be viewetl by mono¬ 
chromatic light, any irregularities of the surface are 
made visible by the pro<iiiction of interference 
patterns. The }u-ojecting portions are removed by 
grinding or rubbing, and the test repeated until the 
surface becomes sutficicntly regular. The method is 
capable of producing a very high degree of accuracy. 

Plane Table (Surt'eying). An instrument consist¬ 
ing of a drawing-board mounted on a trii>od, and with 
arrangements to enable an observed angle to be laid 
down direct on a sheet of jiajicr stretched upon it. 

Planetary Nebula (Atfron.) Nebulae which shine 
with a planetary and often bluish light, and are 
circular or slightly elliptical in form. 

Planete (Aftron.} Bodies which revolve round the 
sun in closed orbits, comets excluded. 

Planimeter (AVa;., tie.) An instmmeut which 
enables the area of any figure to be measured by 
merely drawing a tracing point attached to a system 
of levers round the perimeter of the figure. When 
the tracing point has completed its path, the extent 
of the area is recorded on a graduated dial. It is 
much used for finding the areas of Indicatob 
Diagbams. 

Planing Ma ohine {Carj/ , c/c.) Planing machines 
for wood arc of two distinct types. (1) Those with 
a fixed plane iron projecting from an opening in a 
table, over which the wood is drawn by mechanism. 


(2) Machines with rapidly revolving cutt>erB, Whiob 
may revolve about a vertical or a horizontal axU. ’ 

Planing Machine (AWy.) The machine used for 
the production of large fiat surfaces. The work in^ 
caused to move in a horizontal plane, so as to be' 
acted on by a fixed cutting tool. The latter is held 
by mechanism resembling a Slide Best Cq.v.% 
so that the length and breadth of each cut can be 
accurately regulated. 

Planishing (JS/tq., etc.) Finishing off bright metal 
work by hammering ^e surface with a smooth 
hammer, which is in some cases driven by machinery 
so as to give a very great number of light blows jn a 
minulc. 

Plaidi. A piece of timber over 9 in. wide, generally 
11 in., and from 2 in. to 4 in, thick. 

Plant {Hug., etc.) The collection of machines and 
other appliances used in any particular workshop, 
factory, trarle, etc. 

Plantain (Botanyy Like the banana, the plantain, 
jVitm MpUfutum, var. Parad'miaea (iHwacca*), is a 
native of tropical climates. The plant sometimes 
reaches a.height of 20 feet; the fruit is used as a 
food, and the fibres of the stem yield valuable 
material for conlagc and paper. 

Planted Hoolding (^Carp. and Jain.) Moulding- 
prepared from a separate piece of wood and fixed to 
any piece of joinerj-. Cf. Stuck Moulding. 

Plante’s Secondary Battery &!e Accumu¬ 

lators. 

Plaqne. A decorative piece of terracotta, metal, 
or other material, sliaped like a plate and bearing 
some ornamental design suited to the material upon 
which it is executed. 

Plasma (Min.) A scmi-translucent pale green 
variety of Chalcedony. 

Plaster. A mixture of lime and sand. See 
CBMENI'S. 

Plaster Cast. See Cast. 

Plaster, Fibrous (Bee.) Moulded ornaments made 
of plaster on a canvas backing, and used for the 
em^dlishmont of ceilings, walls, etc. 

Plaster of Paris. See Cements and Calcium 
Compounds. 

- Painting on (Dee.) In ptiinting with oil 

paint on plaster made from cither Keen’s or Fariau 
cement, the paint may be applied within twenty-four 
hours of the plaster being executed. If, howrever, 
plaster of Paris is used, several tlays must, be allowed 
to tdapse. The surface having been rubbed down 
with sandpaper, the first coat, mixed somewhat thin, 
may then Ixi applied. After twenty-four hours a 
second coat may be given, and this should be mixed 
with rather more oil lliau the first. Imiwrfections 
sliould be stopped witli har<l lead stopping, and after 
atjotlier day a tliird coat may be given, and after a 
similar interval a fourth coat. It is usual to finish 
the surface of a painted wall “ flat,” i.e. without gloss, 
and to stipple the work (see STlprLiNG),by means of 
a specially miuic brush, which is dabbed against the 
paint while w’et, in order to produce an uneven 
surf.ace. 

Plutic (vtrfx). Tlic term applied to substances 
that are capable of being easily moulded or fashioned 
into various forms, e.g. clay, wax, etc.; appertaining 
to sculpture and the allied arts. 
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PUwtie Clay (_Oeol.) As the name of a TOological 
formation this is s^nonymons with the Reamng Beds, 
a lo<»l type of development of the middle members 
of the Lower London Tertiaries. The type prevails 
not only near the town of Beading, but as far down 
the Thames Yalley as Erith, and also in the Isle of 
Wight and adjacent parts of the Honth of England. 

Plaaiie Bolphnr (_Chem.) See Sulphur. 

Platanas {Botany). A genus of the Platanaceai, a 
Dicotyledon order. The timber of the Plane (JP, 
oriewtali*) and Buttonwood {2\ occidental is) ore 
useful woods. 

Platband ^Arehitcct.} (1) A fascia or band, of 
email projection. (2) A lintel to a door or window 
is sometimes referred to as a Plat-band. 

Plate. (1) Sheet metal. (2) Silver or gold vessels, 
cutlery, etc, (3) Electroplated ware. See Electbo- 
PLATlKQ. (4) The term plate is frequently applied 
to some special portion of a machine or structure, 
e.g. Fish Plate, etc. 

— {Engrav,, etc.) A flat sheet of metal upon which 
some subject is engraved in order that impressions 
may be obtained. The term is sometimes applied to 
the {H'intcd impression and to illustrations appearing 
in bmks. A page of stereotype {q.v.) 

Plata Armour. See Armour. 

Plate Colnmni ( Cbeni. Eng.) A special form of 
reaction tower (such as the Lunge-Bolirmann type, 
etc.) used in modern methods of vitriol manufacture. 

Plata Devala {Pattern Making). Metal dowels 
used to connect two parts of a pattern which have to 
be taken apart for withdrawal from the mould. 

Plate Edge Planing Machine {Eng.) A machine 
used for planing the edge^ of large plates used fur 
making girders, etc. The sheet of metal is fixed, 
and the cutting tool travels along it. 

Plate Fnrnaee {Eng.) A form of reverlieratory 
furnace used for heating large plates which have to 
be shaped for boiler work, etc. 

Plate Gauge {Eng.) (1) Gauges consisting of fiat 
plates used as standards of thickness. (2) Gauges 
with notches of known width used for gauging the 
thickness of plates. See alto Wire Gauges. 

Plate Glrden {Eng.) Girders consisting of one 
large plate forming a Web {q.T.) and having flanges 
riveted at the top and bottom. 

Plate Glass. This is used chiefly for mirrors, 
laige windows, shop fronts, etc. Before being 
polished it is termed Bough 1’latb, and is 
translucent rather than transparent. To be made 
into polished plate, both sides are ground flat, 
smoothed and polislied. The method of manufacture 
admits of very large sheets of plate being made. 
Bough plate is used for lighting, e.g. skylights, etc. 
See Furnaces and Glass Manufacture. 

Plate Glaiiiig (Paper Manufae.) Polishing paper 
by pressure. The paper is placed between copper 
sheets. 

Plate Machine {Elect.) A machine for the pro¬ 
duction of charges of electricity by the friction 
between a flat disc or circular plate of glass and 
pads or rublters; now little used. 

Plate Mill (Eng.) A rolling mill,with truly oylin- 
drical rollera used for making sheet iron. 


Plate MeoMIttg (Fawndry). Moulding (y.v.) in 
which the ^tem is made in two halves, each half 
being attached to a flat plate on which the moulding 
box or flask (q.v.) is laid while being filled with 
sand. 

Platen {Eng.) The flat table on which the 
material or work lies in planing machines, etc. 

Platen Maehlne (Print.) See TrpOG&Arar. 

Plate Shearing Machine (Eng.) A shearing 
roncliino (q.v.) with very long cutting edges, for 
cutting large ^eets of metal. 

Plates, Iren (Met.) Iron plates range from a 
thickness 0-238 in. (No. 4 Birmingham Wire Gauge) 
upwards. Thicknesses below this arc classified as 
“ sheets.” But the thin sheets o.sed for tinning are 
called Block Plates, of which singles range from 
No. 4 to No. 20 B.W.O. (*238 to *035 in.); doubles 
No, 20 to No. 26 B.W.O. (036 to -02 inch); and 
trebles No. 25 to No. 27 B.W.G. (-02 to -016 in.) 

Plate Tracery (Architect.) The form of tracery 
used in Early Gothic work. It consists of opening 
of various shapes cut through n flat slab of stone. 
See Bab Tbacert, Flamboyant 'J'bacebt, and 
Tbaceby. 

Plating. Covering the surface of an object (usually 
of metal) with a layer or coating of some more 
valuable metal. See Electboflatikg, 

- (Eng.) The marking, catting, drilling, etc., 

of iron plates for boiler or girder vv'ork. 

Platinoid (Elect.) An alloy resembling German 
silver, to whicli 1 or 2 per c«mt. of tungsten has been 
added. Used for resistance coils. 

Platinetypc (Photo.) A proce.ss of photographic 
printing in which tlie image is finally fonnocl in 
platinum black. It is de|)cndcnt upon the action of 
light on ferric oxalate, which it reduces to ferrous 
oxalate. The ferrous oxalate, wlien dissolved in a 
.solution of potassium oxalate, instantly reduces the 
platinum from its chlorides and other salts. 

Platinum (Chem.) l'». Atomic weight, 196. A 
silvery white metal; molts about 20(Ky’; specific 
gravity, 21-5; voiy malleable and ductile. When 
melted it dissolves oxygen, but gives it up again on 
cooling. The heated metal absorbs hydrogen, and 
a heatetl platinum tube allows hydrogen to pass 
througl' it. See Occlusion. Platinum causes the 
union of oxygen with many combustible gases and 
vapour.s; wlien the platinum is finely divided, that 
is presents a large surface, it can do this at the 
ordinary temperature; but ordinary platinum wire or 
foil requires to lie warmed first. Thus a warm 
platinum wire will cause the union of oxygen and 
iiydFogen to occur, and also the union of oxygen 
with vapour of methyl alcohol; e.g. if a warm platinum 
spiral 1)6 held over the surface of some methyl aloobol 
contained in a l>eaker, the wire will quickly become 
red-hot, and if the (listan(% be carefully adjusted, 
will keep so, the aloobol being meanwhile oxidised 
to aldehyde. This property of platinum is ap^led in 
the construction of automatic gas lighters, and in the 

poker ” used in jxiker work, where the hot platinum 
causes the union of oxygen with the vaiwur of a 
hydrocarbon. See alto SULPHUB Tbioxidb under 
Hulpuub Compounds. Very finely divided plati¬ 
num suspended in water displays properties closely 
analogous to those of enzymes, ws Enzymes, 

E . 205. Platinum is slowly oxidised on prolongeil 
eating in oxygen; it is not dissolved by luiy acid. 
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A Bolotion of potaBBium cyanide dissolves platlnnin, 
alowly in the cold, qnickly on heating. Aqua Begin 

S .V.) dissolves it, foming cbloroplatinio acnd, 
,PtOL Chlorine converts it into platinam 
dichlonde, PtCl^ or tetrachloride, PtCl^. &e 
PLATIN0M Compounds, riatinum is also attacked 
by fused caustic soda or potash, or salts of these 
metals, which liberate the oxides on being heated. 
Easily reducible metals form alloys with platinum, 
so that compounds of lead, sine, and antimony 
should not be heated in platinum vessels. A 
platinum vessel is injured by beating it in a smoky 
flame, the carbon probably forming a carbide, 
riatinum always occurs uncombined in nature, 
but never pure; the ore contains iron, rhodium, 
gold, iridium, palladium, osmiridium, and copper. 
The ore is treated under slight pressure with 
diluted aqua regia, the clear solution evaporated 
to dryness, and gently heated to change the palla¬ 
dium and rhodium chlorides to less soluble lower 
chlorides. The mass is extracted with water, acidified 
with hydrochloric acid, and ammonium chloride added 
to precipitate the platinum as ammonium platinic 
chloride. The metal is obtained from this doable 
chloride by heating it; when this double chloride is 
gently heated it leaves behind “spongy platinum,” 
which is used in tl)e catalytic reactions mentioned 
above; when the metal is to be cast it is melted in 
the oxyhydrogen flame. When platinum is required 
in a still more finely dividetl forni—“ platinum black” 
—the dicbloride is w.armed with alcoholic potash. 
For another form of finely divided platinam tee 
Ekzvhkk, p. 205. 

Besides the uses mentioned above for platinum 
it is largely used in making dishes and crucibles 
intended for use at a high temperature in chemical 
processes ; and in Bussia a platinam coinage was in 
circulation at one time, riatinum wire is used in 
making small incandescent electric lamps, tiee alto 
?I,ATINUM Compounds. About 95 per cent, of the 
world’s platinum comes from the Urals in Bussia; 
the amount from Bussia in 1902 was 7,306 kilograms. 

Platinum (Jfln.) The native metal of the same 
name. Cubic, but usually in grains and nuggets up 
to 21 lb. troy. Colour, white; metallic lustre. 
Density, 16 — 19. The mineral contains traces of 
gold, iridium, rhodium, palladium, iron, osmium, arid 
copper. The platinum varies from 46 to nearly 90 
|)er cent. From the Urals in alluvial gravel, from 
which some forty tons are raised annnally. From 
South America, Borneo, California, St. Domingo, New 
South Wales, etc. 

Platinam Compoands (f7/ici».) Oxides : Plaiinovs 
oxide, ItO, is a grey jxiwder obtained by heating 
latinous hydroxide at a low temperature. On 
eating, it decomposes into its elements; reducing 
agents easily convert it into the metal; it has add 
properties. The platinous hydroxide is obtained as 
a black powder by boiling potassium chloroplatinite, 
K.^Cl,, with dilute caustic soda in the proportions 
of one molecule of the former to two of the latter. 
Platinic oxide, PtO,, is a block powder which behaves 
both as a basic and an acid oxide; it is obtained by 
carefully heating platinio hydroxide. The latter is 
obtained by boiling a solution of platinic chloride 
with excera of caustic soda, and heating the pre- 
dpitate with acetic acid to remove sodium. The white 
substwice so obtained is dried at KXP, when it forms 
the yellow platinic hydroxide Pl(OH)^. Chlorides : 
PUOinont ehloride, PtCl, is a greenish browm powder; 
Insoluble in water; soluble in hydrochloric acid. 


forming chloroplarinons acid, H^PtCI^; deoomposdi 
on hearing. It is obtained by heatitm finely dirided 
platinum in dry chlorine at 240° to 26(r, or by heating 
chloroplatinic acid at 300°. Platinons ohlor^e unites 
with carbon monoxide when heated in this gas at 
260°, forming three compounds, PtCl,CO, PtCl^CO, 
and 2PtGI,. SCO. All these compounds are decom* 
posed by water forming hydrochloric acid, carbon 
dioxide, and platinam. Platinic ehloride, PtCl^: a 
yellow or brown crystalline solid; soluble in water; 
decomposed on heating. When silver nitrate is added 
to its solution, silver chloroplatinate is precipitated, 
and not silver chloride; but on warming, the chloro> 
platinate decomposes, giving silver chloride and a 
solution of platinic chloride. The aqueous solution 
is believed to contain the acid H,PtC] 40 . Platinic 
chloride is obtained by heating the metal to a high 
temperature in dry chlorine, or when chloroplatinic 
acid is heated carefully iu chlorine or hydrochloric 
acid gas; its crystalline hydrate, 1*10,511,0, may be 
obtained by evaporating the solution from the decom¬ 
position of silver chloroplatinate by heating it with 
water. Ch loroplatinic acid, II.,PtCI„ commonly called 
platinic chloride, is a reddish brown, deliquescent, 
crystalline solid obtained by dissolving platinam in 
aqua-regift and repeatedly evaporating with hydro¬ 
chloric acid on the water bath to remove nitric acid. 
Us salts are important; the potassium and ammonium 
salts, KjPtCl, and (NH^XIM-Cl,, crystallise alike in 
golden yellow crystals, and are sparingly soluble in 
water and less soluble in alcohol. Their formation is 
emjiloyed as a qualitative test for and as a means of 
(|aantitativcly estimating potassium and ammonia. 
Organic ammonia derivatives behave like ammonium 
salts; e.g. v.C'HjNH„. Hj.jPtClj is formed from aniline, 
C,IIjNIlj. 'rhe potassium salt on heating gives 
potassium chloride and platinum; the ammonium 
salts leave only platinum behind. The sodium salt 
is very soluble in water. AVhen potassium chloro- 
plalinatc is reduced by cuprous chloride, or when 
cliloroplatinic acid is reduced by sulphurous acid, 
and caustic potash added till neutral potattivm 
chloroplatinite, K^PtCl,, is formed, this salt is used 
along with ferric oxalate in photography in the pre¬ 
paration of platiuotTfies. Platixocil'AxIdes : These 
compounds are the cyanogen analogues of the chloro- 
platinites, and may be regarded as derived from 
platiuocyanic acid, lI„l*t(CN) 4 . This acid is prepared 
by decomposing its* barium salt with its exact 
equivalent of dilute sulphuric acid, or its copper salt 
by sulphuretted hydrogen, filtering, and evaporating 
the solution. It forms crystals the colour of which 
depends on tlie amount of water of crystallisation 
they contain; e.g. lljl*t(CN),5HjO forms red prisms 
witli blue reflex. Soluble in water and in alcohol; 
reacts acid to litmus, and decomposes car- 
boimtes; decomposes above 140° into platinons cyanide 
and hydrticyanic acid. Potattium plaUnoeyanide, 
KjI’t(CN),3H,0, forms yellow prisms, which appear 
bine when viewed in one direction; it effloresces in 
air; soluble in umter; nt»t decomposed at 600°. It 
is used in the preparation of other platinocyanides. 
It is obtained by heating platinum black with 
potassium fcrrocynnide, extracting with water, filter¬ 
ing and crystallising; also by boiling platinam black 
with a concentrated solution of potassium cyanide; 
also by boiling ammonium chloroplatinate with 
caustic potash and a concentrated solution of potas¬ 
sium cyanide till all ammonia is driven off. Barium 
mocy<znMfs,BaFt(CN),4Il.p,crystallises inrbombic 
prisms with a yellow colour with blue reflex, or a 
green colour, according to the way they arc viewed; 
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uparingly soluble ia cold water, fairly soluble in bot 
water. It becomes fluorescent (yellowish green) on 
exposure to ultra-violet light, to Boutgeu rays, and 
to radioaetive elements. It is used in making 
fluorescent screens for experiments on these forms 
of radiation, and it was by such a screen that 
Bdntgen discovered his rays: “ I was working with 
a Crooke’s tube covered by a shield of black card- 
board. A piece of barium platinocyanido paper lay- 
on the bench there. 1 had been pss.<iing a current 
through the tube, and 1 noticed a peculiar black line 
across the paper." The black line would be a shadow 
cast by some object impervious to the rays. This 
salt is prepared by decomposing the copper salt by 
baryta water. The copper salt is prepared by pre¬ 
cipitation of potassium platinocyanide by copper 
sulpluitc; it is also pFepare<l by [>a8sing the vapour 
of hydrocyanic acid into hot water, in which plati- 
nous chloride and barium carbonate are suspended 
until carbon dioxide ceases to be evolved. Maune- 
BruM Platinocyanide, MgPt(CN): Crystal¬ 
lises in regular prisms, which exhibit a fine series 
of colours—red, dark red, green, blue, blue violet, 
according to the way in which they are vicwetl. 
Crystallised from aqueous alcohol, it gives crystals 
containing CUjO, which are yellow with blue and 
green reflex. The heptahydiate loses 2Hj,0 at 40^^ 
and the resulting pentahydrate is blue ; at I0d° the 
(lihydrate is formed, which is colourless. It can be 
pre{>ared by the action of magnesia on platluocyanie. 
add, or by precipitation of a solution of the barium 
salt with magnesium sulphate. Complex nitrite* of 
platinum are known, such as K,Pt(NOj)g. Complex 
Ammonia Compounds : Very many ‘compounds of 
this kind arc known. They may be divided into two 
chief clas.ses, viz. platinous and jilatinic compounds. 
In the former, one atom of ]datinum unites with four 
molecules or grouf® to form a complex radical, 
which may then act with a maximum valency of 
two. In the latter, one atom of platinum unites with 
six molecule.s or groups to form a complex radical, 
which may then act with a maximum valency of 
four. The I’latinocs Compounds : Ttiking as 
examples tlie ammonia and chlorine compounds, we 
Jjavc the following: 

I’Tetramraine jdatinous clilor- 
Clj-»T irle or ITatotUammiue chlor¬ 
ic ide. 

I Chlortriammino platinous 
Cl I chloride nr Platoclilormono- 
( diauiminc chloride. 
pTatinum dichlordiammine or 
-4 Platosammine chloride and 
I ITa tosemidiammine chloride. 



Tn these compounds isomerism can occur in 
Class III. only. To distinguish between the isomers 
when the first name is u^d, the one compound is 
called a cis-compound and the other a trans-com- 
pound. When the other names arc used, the plato- 
.semidiammine is identical with the cis-arrangement, 
and the platosammine with the trans-arrangement. 
Besides ammonia and chlorine, a largo number of 
other radicals can occur in these compounds, e.g. 
amines, pyridine, the sulphonic acid group 
nitrate, sulphate groups, etc. It is clear when other 
grou£t8 besides ammonia and chlorine enter into 
these compounds, isomerism may occur with any of 
the cla-sses. Kxamples of these compounds are 
Magnm'* Green Salt, which is the platinous chloride 
compound of tetrummine platinous chloride, and has 
the formula [Pt(NII,)^]Cl,. PtC^. It is obtained 


b 3 ' acting on a boiling solution of platinous chloride 
in hydrochloric acid with ammonia, and is insoluble 
in water and in bydroohloric acid. Wlien Magnus’s 
green salt is boiled with ammonia, it gives totram- 

mine platinous chloride,-^ Pt(NH,x| Cl, (Reiset’s first 

chloride). When this is heated at 250° or evaporated 
with concentrated hydrochloric acid, it yields the 
trans-platinum dichlordiammine or platosammine 

chloride, (Reiset’s second chloride). The 

compound isomenc with this is obtained by the 
action of ammonia on {xitassium cbloroplatinite; it 
is the cis-platinum dichlordiammine or platosenii- 
diaramine chloride. The Platinio Compounds : 
Taking as examples the ammonia and chlorine 
compounds, wc have: 

.^Pt(NH,\j-Cl,|nexammine platinic chloride. 

r n 1 (Tetramminechlorojilatinic chlor- 
n..!lW,V^ !- Cl..-! ido or Platinchlorodiammine 
chloride. 

1 fTriamininechloroplatinic chlor- 
fCl -I ide or Plaliucbloromonodiam- 
mine chloride. 

Diammincplatinic chloride or 
I’latinchloroammiuc or Platin- 
chlorosemidiamminc. 
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Isomerism has been observed in Class IV. Other 
radicals besides ammonia and chlorine can occur in 
these compounds. It is doubtful if i-ej)rosentatives 
of Class 1. are yet known. The ]>lntinir' compounds 
are obtained by oxidation of the platiiuiu.s com- 
]>ounds. In both the jilatinous and i>latituc com¬ 
pounds the elements or groups in the comple.v radical 
do not show their ordinary reactions. For example, 
the platinum is not precipitated bj' suljrhuretted 
hj'drogen; the ammonia is not liberated by boiling 
with caustic soda; the chlorine is not precipitated 
by silver nitrate. B'or an explamition of the struc- 
lure of these comjrouuds eee Webnee’s Theuby. 


Platinum Standard of Light. The intensity of 
illumination emitted normally by one square centi¬ 
metre of platinum at its temperature of fusion. 
Thi.s staudanl is also termed the ViOLLE standard. 


Platinum Temperature iPhg*.') The tcmi>erature 
obtained by the measurement of the resistance of a 
[datinura thermometer, assuming the increase of 
re.'<istance to be simplj* proportional to the, tempera¬ 
ture. If 1{,<^ be the resistance at KKF C., I?, the 
resistance at 0° 0., and 11 the resistance at the 
unknown temperature, then the value of the latter 
on the platinum thermometer, i.e. the ]>latliinm 
temperature, is given by the equation 

U-IV, 


j»« = l(K) 


lii 


100 “^^0 


The difference between this tem]}eratnre (pi) and 
the temperature t on the air thermometer scale is 
given by the equation 

V* 


t — pt = S 


I uoo/ 10 


1001 


in which 5 is a constant for the particular platinum 
thermometer used, and is found by means of an 
observation of a third known temperature, usually the 
boiling point of sulphur. See Measubbmbnt of 
Tempebatubb. 


Platinum Thermometer (Phyt.) 8e^ Measube- 

MENT OP TBHFBBATUBE. 
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PUiy {Mng,, ele.) (1) A limitod amount of move¬ 
ment, regular or irregular, allowed on certain parts 
of a machine, etc. (2) Space for motion. 

—— {lUininff). A miner’s term for a period of 
cessation from work with the object of limiting the 
working time or the output. 

Play of Oolonr (Min.) The property of causing 
light transmitted through the mineral to break up, 
giving a colour effect; well seen in Opal. It is duo 
to the refraction of the light ray in passing into the 
crystal from the air and out again. 

Pleotnun (Mv»ic), A small implement of tortoise¬ 
shell, ivory, or metal used for striking or picking tlie 
strings of a mandolin, etc. 

Plain Jeu (Mutie). The French term for Full 
Organ. 

Plelstocena (Oeol.) Rynonjmous with Post-Plio¬ 
cene Quaternary, and other names. By some 

geologists the term is employed for the (llaclal 
Period or Ago of Hnow. During the Pleisloceue 
Period Britain has undergone some important changes 
of climate, from one during which snow was pre¬ 
cipitated instead of rain to a second, in which dry 
cold winds prevaihsd, and to a third, much the same 
us at prcscut. It includes, so far as man is concerned, 
t he I’alieolithic I’oriod, the Neolithic Period, and the 
Ages of Bronze and of Iron. 

Pleochroism (Mia.) The property some minerals 
have <t£ appearing of different colours when viewed 
in different directions. Some minerals arc Dichroic 
(e.g. Dichroito or lolite), some even Trichroic. 

Pleonsste (.l/iw.) A black variety of Spinel (y.e.) 

Pliera or Flyers (Jiag., etc.) A small )iair of 
pincers for handling small articles; used also for 
shaping wire. 

Plinth (A reJiiteot .) The slab-liki- member forming 
the lowest division of a ba.>c of a ••olumn, pilaster, 
or pedestal. Greek bases had no i»lintb. The term 
jtlinth is also used to denote a slightly projecting 
face at the base of a wall, pier, etc. 

Pliocene (free/.) The subdivi.sion of the Tertiary 
Period during which the percentage of recent S 2 >ceics 
of marine inolluscawas more tlian that of the extinct 
st)ecies. Tue period was pre-eminently the Age of 
Mammals. That it was one of long duration can be 
shown by the fact that numerous and important 
geograpiiical, as well as biological, changes took 
place within the period. Our British Pliocene Hocks 
occur chiefly in East Anglia. Tliey include the 
Cromer “ Forest Bed” and the various “ Crags,” .such 
as the Bed Cbrag, Coralline Crag, etc. 

Plot or Plat (Mining). (1) A flat })lacc, especially 
one on which ore is to be laid or piled. (2) A rough 
bridge with a flat roadway. 

Plotting (Cbem. Eng.) The process of compres¬ 
sing or “squirting” a milled soaji into a eonijsict bar 
by forcing tlie ribbons of soap through a nozzle. The 
process is often called plodding, but the term is 
really derived from the French 

- (Eng,, etc.) Drawing a curve or line through 

a series of points, the 2 >orition of wliich has been 
determined by calculation, experiment, or otlicrwise, 

Plongh (JHad.) The instrument used fur cutting 
the edges of a book when it is in the lying press. 
See Bookbikdino. 


Plongh (Carp, and Join.) A tool with a movable 
fence, for cutting grooves of various sizes in joinery. 
See aho Planes. 

- (Elect.) The conductor which makes con* 

tact with the live rail in an electric railway or 
tramway on the slotted conduit system. 

Ploughed and Tongued Joint (Carp, and Join.) 
A joint for joining boards together. The edges are 
grooved and a tongue inserted. 

Ploughshara Vault (A rehiteet.) A vault in which 
the cells (q.v.) are winding surfaces. It is a form 
peculiar to Gothic work. 

Plug (Eng., etc.) (1) A general term tor a piece 
of material of suitable siiape, used for lilling up 
a Iiole. (2) The movable part of a tap or cock. (8) 
A piece of iron with a made thread to stop the end 
of a gas or water 2 )ipe. 

Plug Centre Bit (Carp.) A form of PiK Dbill 
(q.v.) used for making holes in wood. 

Plug Gauge (Eng.) A cylindrical piece of metal 
accurately turned to .a given size and used as a 
standard of measurement. 

Plug Key or Switch (Elect.) A device for making 
and breaking a c ircuit by means of a metal plug 
fitting a roress between two blocks of metal placed 
close together. 

Plug Tap (Eng.) A tap used for finishing off an 
internal screw thread ; it is made without any taper 
(!?•”•) 

Plum. See Woods. 

Plumb. -Sr Plumb Line, Plumb Hulb. 

Plumbago. A popular synonym for Ghaphite 
(q.v.) 

Plumbago Crucibles (Met.) Crucihles made of a 
mixture of ground plumbago and clay. They will 
stand great heat. 

Plumb Bob. The weight used at tlie end of a 
jilumb line; ii is often pointed at its lower end. 

Plumber Block (Ejig.) Sec Plummek Block. 

Plumber’s Cloth (Phimh.) The ^lad used for 
wiping (q.v.) lead jupe joint.s. 

Plumber’s Iron (Enild.) An iron used for over¬ 
casting (q.v.) a willed joint. 

Plumbing. Tlic execution of lead work in building 
openitions, i.c. the formation of lead roofs, flashings, 
domes, fini.al-, Itreaks, piping, and vaiiou.s work, not 
neeessarily in lead, which is connected with the 
foregoing. 

Plumb Line (Eng., liaild., etc.) A cord witli a 
metal weiglit at the end; used to test the po.**!!!©!! 
of lines and surfaces required to be vertical. A 
vertical line. 

Plumb Rule (Build.) A narrow piece of board 
witli parallel .sides and an egg sliapt^ hole at the 
bottom end for the plumb bob to swing in. Used 
by masons, bricklayers, and others for determining 
a }>cr 2 )endicular. 

Plumbum, Plumbic, Plumbous ( Chem.) Plumbum 
is the Latin name for lead. The ebemical symbol for 
lead, Pb, is derived from the word plumbum. The 
words jdumbic and plumbous arc sometimes used in 
naming lead salts. 
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nummer Block (.Eng.) A casting which carries 
the brasses forming the bearing of a shaft. The 
brasses fit into a suitably shaped owning in the 
block, and are held in place by a Cap bolted to 
the main casting. The latter is furnished with pro¬ 
jections or flanges, by which it is itself bolted down 
to the baseplate, etc. 

Plnmpinj {^Leather Nanvfae.') A swelling of the 
leather during the tanning process, generally de¬ 
pendent on the quantity of acid in the tan liquors. 

naafar {Eng., etc.') (1) The piston of a hydraulic 
press (y.c.) (2) The solid piston of a force pump. 
See PtTMPS. (3) An implement usetl to form the 
interior of certain kinds of cheap glassware when 
cast in a mould. 

Ploili {Silk Manufac.') A form of velvet having 
a long pile, usually nutde in power loom, two widths 
being woven together face to face, the process of 
cutting them apart creating the pile. 

- {Textile Manvfae.) A pile fabric in which 

the pile is longer than velvet atid very frequently con¬ 
sists of mohair yarn. Used for decorative purposes. 

Plni Thread. A thread cut on a bolt or rod that 
has been thickened where the thread occurs, so that 
the diameter of the substance is not reduced by the 
thread. 

Plutonic Bocks ( Geol.) Eruptive rocks which have 
consolidated from a fluid state under very great 
pressure and at a very slow rate. In most cases, if 
not in all, they probably represent the deeper seated 
portions of the great masses whose upi)cr parts have 
been volcanoes. The exposure of J’lutonio Bocks at 
the surface, therefore, implies upheaval and denu¬ 
dation to an enormous extent. Granite, Syenite, 
Diorite, and Gabbro are the chief varieties. Plutonic 
Bocks may be classed, in regard to the depth at which 
consolidation took place, as Sub-Plutonic, Plutonic, 
and Ultra-Plntonic. 

Pluviometep or Pluviameter {Metearol.) A rain 
gauge. 

Ply* (1) ^ bend, turn, or plait. (2; A single 
thickness or strand. 

Pacumaiic Action {Maeie). A form of action 
employed in organ construction to lighten the touch. 
See ObGAN, p. 4.39. 

Pneomatie Mechanism. Mechanism actuated by 
compressed air, however supplied. 

Pneomatiei. The sdeuce dealing with the 
mechanics of gases. 

Pneumatic Tyres. See Tykes. 

Podiettino {Mueie). A little : slightly, 

Podeet {Build.) A term of wide application, 
signifying an opening or hole, e.g. the hole left in 
brickwork or masonry to receive the end of a joist 
or girder. 

- {Carp, and Join.) The rectangular hole cut 

in the pulley styles of a cased frame to receive the 
weights. 

- {Eng.) A general term for a recess or cavity 

in any stmetnre. 

- {Mining). A cavity containing a mass of ore 

which does not form a continuous vein, 

Ppokst Knife {Carp, and Join.) A broad tool 
similar to a chisel, used for cutting the pockets in 
sash frames. 


Paeket PiiBli {JFnmdry). A core print {g.v.) 
which is not permanently fixed to the pattern, but 
is detached when the latter is lifted, uid withdraw^ 
separately. 

Pooe {Mtaie). little: rather: as pooo a peeo^ 
little by little, gradually; poeo pik me»$o, rather 
faster. 

Podium {Arehiteet.) A continuous pedestal, either 
supporting a range of columns or acting as a parapet. 
Like a pedestal, it consists of a base, die, and cornice. 
The term podium is also used to denote the wall 
surrounding the arena of an amphitheatre. See 
Pedestal and Auphitheatbb. 

Podcmhyllum (Botany). A genus of the Serberi* 
daea, P. peltatum (May Apple), yields a medicinal 
resin extracte<l from the rhixome and rootlets. The 
plant grows extensively in the eastern part of North 
America and in the valleys of the Himalayas. 

Poikilitie(^c 0 f.) Variegated or mottled. A term 
applied to the pale green decoloration patches which 
often occur in red marls or sandstones. Being of 
common occurrence in the New lied Bocks, the 
presence of this mottling has led to the whole of 
the New Bed (i>. “Permian”and “Trias” tf^ether) 
being classerl as the Poikilitio .Scries. 

Point (Civil Eng.) A movable rail used in making 
a connection between one set of railway lines and 
another. See IIAILWAYS. 


- (Typog.) The unit of a lineal inch from 

wLicli tlie various sizes of types are regulated. It is 
based on the fact that 72 pica ems arc equal to a 
lineal for.t, 12 points to 1 pica em, and 6 pica ems 
to 1 lineal inch. {See Types.) 


- or Dot {Mvde). This sign • placed after a 

note or rest increases it-s value by one half. If there 
are more dots than one, each succeeding dot is one 
half the value of that immediately before it, e.g. 


J ^ equals ^ J A pmnt or dot placed 


above or below a note indicates that the note 
is to be divided into half note, half rest, p,g. 


^ ^ equals «, 


* 1 - 


This is called staccato 


(q.r.) 

Point Bar {Lace Manufae.) A suitably shaped 
bar of iron, extending tbo whole w'idtb of the &co 
nuMihine, to which the “ point leads " are screwed. 
Each point or needle is adjusted in correct line with 
each carriage in the machine, and a peculiar dipping 
movement is communicated to the bar which enables 
the points to enter between the warp and bobbin 
threads and forward each twist, from its formation 
at the end of the carriage, through the few inter¬ 
vening inches to the centre or point whore the 
fabric commences to be formed. See alio PoiKTS 
and Lace Manupactube, 


Point d’Eippit {Lace Afann/ae.) A fine net, with 
.'iniall but well defined spots. 

Pointed Work (Build.) fl) Masonry dressed 
with a pointed tool. (2) Brickwork or masonry in 
which the joints have been finishod off by POIKTIKO 
(q.V.) 

Poiateri (Aetron.) Two stars in the constellation 
Ursa Major (the Great Bear) which point to the Pole 
btai and enable it to be found easily. 
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Folpt H<dM {Print.') Pcioks made in the special 
positions in the margins of a sheet of paper at the 
moment of printing. When the sheet is reversed the 
points are placed in the holes and register the woric. 

Pointiitf {BuUd.) Forming and finishing the 
external joints of brickwork and masonry so as to 

g ve a neat appearance to the work. The operation 
performed by raking out a portion of the mortar 
between the joints of brick or stone walls in order 
to replace it by new mortar, which is finished off 
or smoothed on the surface with a tool. 

- {Sculp.) Marking off points on a clay model 

to facilitate and ensure accurate reproduction in 
marble, bronze, etc. 

Point Net {Lace Manufac.') A net made by the 
aid of a needle. 

Point Met Machine {Laoe Manv/ao.) A “warp 
machine ” {q.v.) 

Point Pane {Textile*). See Entebikg. 

Points {Lace Manufae.) A series of needlelikc 
instruments arranged with geometrical precision upon 
a bar called the point bar {q.v.) They serve to take 
up the twist and crosses or intersections in the net. 

- {Print.) Pins or spurs fastened to the 

tympan of a hand press, or fixed in tlic margins of a 
forme wlien printed on a cylinder machine, for the 
purpose of securing register whan perfecting the sheet. 

Point Screws ( Print.) A small screw and nut for 
clamping points to the tympan frame of a hand press. 

Points of the Compua. The dial of a compass 
is divided into four principal quadrants by Hues 
running iliametrically across from N. to S. and from 
E. to W. Each quadrant is bisected by a diameter 
running N.B. to S.W. and N.W. to H.E. Each of 
tliese eight divisions is again divided into four, 
constituting the tliirty-two jwints of the compass. 
Tlieso points are named as follows: 


N., 

N. bv E. 


N.N.E., 

N.E. by N. 

N.E., 

N.K.‘ by 

E., 

E.N.E., 

E. by N, 

E., 

E. by B., 


E.S.E., 

S.E. by E. 

S.E., 

S.E. bv 


S.B.E., 

S. by E. 

S., 

B. by W 

1 

K.8.W., 

S.W. by S, 

B.W., 

B.W. by 

w., 

W.B.W,, 

W. by S, 

w., 

VV. by N 

•f 

W.N.W., 

N.W. by W. 

N.W., 

N.W. by 

N., 

N.N.W., 

N. by W. 


Points of the Shield {Her.) The paits denoting 
tlio position of any figure. The 
shield is divided into nine points. 

Polar. Belonging or relating to 
a Pole {q.v.) 

Polar Jude {Aetren.) The axis 
of an equatorial telescope, adjusted 
to the latitude of the place in 
question. 

Polar Capa {Astron.) Borne of 
the planets, e.g. Mars and Venus, 
have white caps at their poles 
which vary in size according to the 
planets’ seasons. 

Polar Climate (Meteerol.) The 
principul characteristics of the 
climate of the polar or frigid zone, such as the 
absence of solar rays during a longer or shorter 
portion of the year. 


Polar Diatanoe (Aetroth) The sagulmr distance 
of a star from one of the celestial poles. The Horth 
and Booth Polar Distances are abbreriated to N.’F.D. 
and B.P.D. 

Polaria {Aetran.) The North Pole Star, abont 
which ail the other stars appear to revolve. 

Polarisation in a Dieleetrie {Elect.) Let a unit 
area be drawn in a dielectric at right angles to any 
line AB ; then the polarisation in the durection AB 
is the difference between the number of Faraday 
tubes {q.v.) which pas.*; from one side of the area to 
the other in the direction AB, and the number which 
pass in the oppasite direction, ba. ' ’ 

Polarisation of a Cell {Elect.) A temporary 
decrease in the electromotive force of a cell, owing 
to certain changes in the substances in contact. 

Polarisation of an Electrolyte. The separation 
of free ions at the electrodes, resulting in the pro¬ 
duction of an electro'.'5tive force in the opposite 
direction to that producing the separation of the 
ions. 

Polarisation of Ll^t {Pkyt.) Light is said to be 
PoLABiSED when the type of the vibration ismaintained 
invariable {Preston). In this case every element or 
particle of the ether describes the same kind of curve 
in the course of its vibrations; or, more generally, 
the nature of the disturbance remains permanently 
unaltered. If the elements are executing vibrations 
in parallel straight lines, the light is said to be 
Plane Polabised; if the paths are circular, the 
light is CiBCULABLY POLABISED; if they are ellipses, 
which are similar and similarly situated, the light is 
Elliptic ALLY Polabised. A beam of plane polas- 
ised light has its vibrations confined to a single 
plane; they arc transverse and analogous to the 
vibrations of a plucked string, all particles of which 
are executing vibrations in parallel rectilinear paths. 
Thus the polarised beam is two sided, and it is by 
this property that the existence of the polarisation 
is detected. Light may be plane polarised in a 
variety of ways, of w'hich the following are the 
chief (1) By Heplection ; Liglit reflected from any 
surface is in general })artly[)olarised, i.e. the reflected 
beam i.s a mixture of polarised and unpoiarised, or 
ordinary, light. The amount of polarisation is a 
maximum for one particular angle, wliich is termed 
the I’OLABisiNG Angle for the substance. In the 
case of a transparent substance, when some of the 
light is reflected from the surface and some is trant* 
mitted, the polarising angle is that angle of incidence 
for which the reflected and the transmitted rays are 
right angles; if 0 be the polarising angle and the 
Befractive Index for the medium, then tan qt = n; 
this is Bbewsteb’s Law. For glass the angle is 
about 57^ If, then, ordinary light be incident on 
a glass plate, or, still better, a pile of plates, at this 
angle, the reflected ray is plane polarised. (2) By 
Tbansmission : In the above case it is found that 
not only the reflected ray, but also the refracted ray, 
is plane polarised; both portions contain the same 
amount of polarised light, and their planes of polaz- 
isation arc at right angle.s to each other. But whereas 
tlie reflected beam is practically completely polarised, 
the transmitted contains an equal amount of 
polarised, mixed with a large excess of ordinary 
light. Each plate acts similarly, hence a sufficient 
number will completely polarhie transmitted rays, 
when the incident light strikes the surface at the 
polarising angle. (3) By Double Rsamsattos{q.v.): 
Both the Ordinaiy and Extraordinary Bay are plane 
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polarised in directions at right angles to each other. 
A pinhole in a card, viewed through a crystal of 
Oalcite, gives two images, the beams of light from 
each being polarised. A plate of Tourmaline, if cut 
IMirallel to the axis of the crystal, will, under the 
same circumstances, show one image only; two beams 
are really produced, but the Ordinary beam is ab¬ 
sorbed, unless the plate be extremely thin. We thus 
obtain a single beam of polarised light. For experi¬ 
ments on ]K»larised light we require a device to 
polarise the light, which is termed a Folabiseh, 
and an AKaLYSElt, whereby the polarisation may be 
detected. The two form a Folabiscope. Consider 
a beam which has been plane polarised by any of the 
means referred to alwve. Interpose in the path of 
the beam a second arrangement exactly similar to that 
by which the light was originally polarised. This 
forms the Analyser. If the two polarising devices bo 
similarly situated if the second one be so placed 
that it will polarise a beam of ordinary light in the 
same plane as the first does), then the beam passes 
through both Folariscr and Analyser. Now rotate 
the Analyser; the transmitted * beam diminishes 
in intemnty, and becomes completely extinguLsbed 
when the Analysis Las been turned through a 
right angle. If we suppose the Folariser to be so 
placed that the vibrations which it transmits are 
confined to a htn^zantal plane, then the Analyser 
will be so turned that it only transmits vibrations 
in a vertical plane; therefore, if the vibrations are 
of a transverse nature, none can pass through the 
two in succession, and extinction of the beam fxicnrs. 
The most usual method of polarising light is by means 
of a Nicol’s Pbism, or, as it is often termed, a Nicol. 
A crystal of Iceland Spar, abcu, is 
cut across along AC, and the two halves 
cemented together by a film of Canada 
Balsam. Tlie Index of llofractiuu of 
this substance is loss than that of tlte 
crystal for the Ordinary Hay, but 
greater than its value for the Extra¬ 
ordinary Hay. When a ray EF enter¬ 
ing the prism is split up into two rays 
PH and p« by double refraction {//.»'.), 
it is therefore possible to get rid of 
the Ordinary Ray by total internal 
reflection at H, while the Ex¬ 

traordinary Ray passes through, and 
emerges at o as a plane polarised ray. 

A Nicol Prism can be used cither as 
Analyser. Various other polarising prisms have been 
invented, varying chiefly in the methotls employed in 
order to effect a separation of the two raj s of polari«e<l 
light produced in a doubly refracting medium. When 
'the 1‘olariser and Anahscr of a polariscope are stj 
placed as to cut off the passage of light, they are said 
to be “cr 08 .sed.” Any doubly refracting transparent 
sabstance placed between the crossed Folariscr and 
Analyser will'(except in certain positions) cause light 
to pass. This is because the velocity of light in the 
substance varies with direction of path, and the form 
of the incident vibration hence passes through cycles 
of change of the Lissajou figure type, but limited to 
straight line, ellipse, and circle, so that thts beam may 
emerge elliptically or circularly polarised, and then 
its vibrations cannot be completely stopped by the 
Analyser. This effect, common to all doubly refracting 
substances, must be distinguished from the Rotation 
OF THE Plane of Polabisation produced by a few 
crystals, of which quartz is the most imjxtrtant, and 
by many organic liquLls and solutjons. In this case 
the emergent beam is still plane polarised, but its 
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direction of vibration has been rotated through a 
certain angle. If this rotation is clockwise, looking 
along direction the light travels, it is said to be Bight 
Handed, and vice versd. It may be distinguished 
from ordinary double refraction as follows: A plate of 
any doubly refracting substanoo cut perpendicular to 
the axis does not restore light when placed between 
crossed Folariscr and Analyser, behaving like ordinary 
bodies. But a i)late of quartz so cut does give light, 
which with white light goes through a sequence of 
colours, but cannot be extinguished by rotating 
Analyser. With monochromatic light the field can 
I to darkened by rotating analy.sr‘r, and thus the angle of 
rotation measured. The rotation is said to be RiQHT 
Handed if it appears to tlie observer to be in the 
direction of the hands of a clock, Left Handed if 
in the reverse direction. The amount of rotation is 
projicrtioual to the thickness of the layer of the sub¬ 
stance through which the light passes, and (in the 
case of solutions of optically af'tivc substances) to 
the strength of the solution. The latter property 
affords a convenient means of comparing the 
strengths of solutions of a given (ijitically active 
substance {e.g. sugars). The solution is placed in a 
tube having its ends closed by flat jilatcs of glass; 
the tube is inserted lietwcen the Folariscr and 
Analyser, and the rotation of the latter measurerl by 
means of a circle «]ividcd into degrees and provided 
with a vernier. To enable the exact position of 
extinction to bo observed, some additional device 
is commonly used in conjunction with the Analyser 
proper. That due to Laurent, termol a Half Shade 
iinalyscr, consists of a semicircular plate oi quartz 
cut parallel to the axis, and joined to a similar semi¬ 
circle of glass of suitable thickness. When the two 
halves of this comimsite disc, appear equally illumi¬ 
nated, the Analjser has been turned into the exact 
position. The Bl-QrAUTz Analyser has two semi¬ 
circles of quartz, one being right handed, the other 
left handed in their action on plane ixilarised Tight, 
The two halves show in gennal different colours, 
but a.ssume the same tint when the Analyser is 
correctly adjusted. An instrument for comparing 
the rotation produce;! by liquids is chiefly used in 
estimating the strength of sugar solutions, and is 
consequently termed a Ka<'chabimeteb. The 
PoLAKisiNti MicnoscoPK is mu('h used in the study 
of minerals. It consists of a microscope provideil 
with a poinrisei- and an analyser, generally formed 
by Nicol prisms. Minerals examined by polarised 
light show distinctive cbaraeU'rLstic.s, and therefore 
the polarising microscope is much used by petrolc^Uts 
and mineralogists in the identification of those 
minerals which are lutturally transparent or which 
can be cut into sufficiently thin slices to enable them 
to transmit light. A great number of jihenumcna 
are produced by polarised light under different cir¬ 
cumstances. If the light form a convergent or 
divergent beam, plates of doubly refracting material 
(e.g. crystals) give a variety of geometrical patterns, 
dGi)ending on the direction of the axis of the crystal, 
whether it be uni-axal or bi-axal, etc. These patterns 
form rings, crosses, and complex series of curves. 
If the original light be white, these ore brilliantly 
coloured: if monochromatic, they arc simply light 
or dark bauds. To show these figures, an arrange¬ 
ment of lenses is used to caa.se the light to form a 
convergent beam before passing through the sub¬ 
stance to be exanune<l. Bach an arrangement may 
be fitted to an ordinary table polari8co;pe, a lantern 
polariscope for projection on the screen, or to a 
polarising microscojie.' 
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Polaiiseope. line Polabisatiok of Light. 

Polariied Li^t. See Polabibation of Light. 

Polariied Relay ( Meet. Eng.) A. Rhlay (^.v.}haTing 
a permanent magnet instead of a core of soft iron. 

Polarlser (Light). See Polabisation of Light. 

Polarity. Tbfe possession of magnetic poles; the 
property acquired by a n>agnetisable body when 
brought into a magnetic field. 

Polar Radius of the Earth. See Uadi us of 
TUl!! EABTH. 

Polar Relay (Eleot. Eng.) Sec Polabisho 
Relay. 

Pole Armature iSiay.) Sine Abmatube. 

Pole Lathe. A primitive lathe with Dead Centres 
(g.v.) in which a cord is wrapped round the work. 
One end of this cord is attached to a treadle, the 
other end to a flexible pole. Rotation is producetl 
by pressing the treadle, and then releasing it, the 
pole drawing the cord up again. The pole lathe 
is still met with occasionally, c.g. it is used in the 
production of chair legs in the High Wycombe 
district. In Eastern countries it is fairly common. 

Pole Plate (Carp, and Join.) The horizontal 
timber that supports the feet of the rafters of a roof 
over a void. See Roofs. 

. Poles (EU-et.) The terminals of a cell, condenser, 
etc. 

- , Celestial (Aetron.) Two points situated 

00° from the celestial equator, or two points in the 
sky where a star would have no diurnal motion. 

- , Magnetic. In general language, the end.; 

of a magnet or magnetised bar; the parts of the 
magnet at which the magnetic properties appear to 
be chiefly concentrated. If the poles of a magnet 
were true mutliematical points, then the lines of 
force would start off radially from these points. 
This condition is never fulfilled, but is most nearly 
approached in tlie spherical ended magnets invented 
by Robeson and Searle. See Robeson Magnets. 

-, Terrestrial (Attron.) The extremities of 

the Earth’s axis. 

Poles of a Great Circle (Oeom.) The two points 
situate IRf from the circumference of a gre.at circle ; 
the extremities of the axis of tlie gniat circle, i.e. 
the extremities of that diameter of a sphere which is 
at right angles to the great circle. See aho Sphere. 

Pollanite (Ein.) Manganese dioxide, MnO,; tetra¬ 
gonal and isomorphous with tinstone. Compare with 
the allotropic l^BOLuaiTE. 

Poling (Met.) The reduction of the copper oxide 
in Itlistor Copper by the insertion of a pole of green 
wood. The gases evolvcil from the wood serve as 
reducing agents, and also cause the fluid metal to 
splash up and come into intimate contact with a 
layer of pure anthracite or charcoal, which is spread 
on the surface. When fiie proi'ess has been carried 
suiBciently far, the metal is said to be at Tough 
riTCH, and is ready for use. If the process is in¬ 
complete, the metad is said to be Dby or Undbb- 
POLED, aud is brittle; while if carried too far, the 
metal is Ovebpoled, and must be slightly oxidised 
by l^e exposure of the surface of the fluid metal to 
the action of the air. 

Poling Board! (Build., etc.) The retaining boards 
that prevent the earth from falling, in a trench. 

Polisher <>r Poliahing Iron (Bind.) A steel finish- 
ing tool which is heated and passed over the back 


and sides of leather bindings to smooth down bum^ 
and impart a gloss to the leather. 

Polishing Lathe or Head (Eng., etc.) A small 
head stock fitted with a mandrel carrying a rapidly 
rotating polishing wheel or brush. 

Polishing Stick (Eng., etc.) A strip of wood 
covered with emery or buff leather, used for polishing 
metal work in the lathe. 

Polishing Wheel (Eng., etc.) A small wheel coated 
with buff leather, orcovcretl with fine emery, carbor¬ 
undum, or other polishing powder. 

Polissoir (Glass JUanufae.) A block of wood 
attached to a rod of iron with which the flattener 
transforms the cylinders into flat sheets. See SHEET 
Glass and Glass Manufaotdbb. 

Pollard 0«dt Graining (Dec.) Is a favonrite 
method of imitating wood by Rritish grainers. The 
wood imitated is supposed to be old stumps of trees 
having a variety of grain almost equal to French 
walnut. It is sometimes called “ root of oak.” The 
ground colour is made by mixing yellow ochre and 
white lead with a little Venetian red and dark umber 
until the requisite depth is obtained. It should, 
however, be lighter than walnut. The graining is 
done with* raw and burnt sienna, Vandyke brown 
and burnt umber, and a little ivoiy black and ultra- 
marine may also be employed. 

Pollen (Botany). Minute grains containing the 
male element necessary for fertilisation in a 
flowering plant. 

Polonium (Chem.) Tbe first radioactive clement 
isolated by the Curies from pitchblende. It seems 
doubtful if it is really an element. See Eadix'm. 

Polybasite (Min.) A silver snlphantimonite, 
9AgjS. KbjS,. Rhombic ; colonr, ii-on black. It 
contains about 70 per cent, of silver, and hence is 
very valuable when in sufficient quantity. From 
Mexico, Chill, etc. 

Polygon, A plane figure, bounded by straight 
lines, more than four in number. 

Polygonaceaa (Botany). A dicotyledon order, 
including the Dock, Rhubarb, and Buckwheat. 

Polygonal Rubble (Build.) Masonry built of 
stones worked to polygonal sbax>e. 

Polygon of Forces. Se Gbaphic Statics. 

Polyhedral Angle. The figure produced by four 
(or more) planes which meet at a point. 

Polyhedron. A solid bounded on all aides by 
X>laite surfaces. 

Polymer (Chem.) See Polymebisu. 

Polymertsation (C^em.) See Polymebisu. 

Polymerism (Chem.) The union of two or more 
molecules of the same substance to form a more com¬ 
plex molecule which can be resolved on heating into 
its components. The actual cliangc is called poly- 
meri.sation; the original simple molecule aud the final 
complex molcoulo are called polymers. .Substances 
are also called iwlymeric when the molecular formula 
of one of them is an exact sub-multiple of that of the 
others, even when the substances arc not mutually 
convertibh^ into each other. Polymerisation is 
distingnislied from condensation (g.r.) by the 
reversibility of the former process. In many cases 
the molecular weight of the polymer is nnknown; in 
such cases the formula of the polymer of unknown 
molecular weight is expressexl by writing down that 
of the substance which has undergone polymerisation 
and adding the suffix n. Examples: Common 
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phosphorusi, polymerises on heating to red phos¬ 
phorus, (P<)n. Aldehyde, C,H^O, polymerises on 
standing to paraldehyde, (C^.O),, and, on adding a 
little strong sulphuric acid ana keeping the tempera¬ 
ture below (P, tometaldehyde, (C^ 40 )a. Many other 
aldehydes also polymerise.' Unsaturat^ hydrocarbons 
and their halogen substitution products very com¬ 
monly polymerise; e.g. acetylene, on heating, forms 
benzene, ; and monochloracetylene 

easily polymerises toMchlorbenzcne,3CjBCl=C,H,C1,; 
cyanogen, CjN,, polymerises to (C-lOn, and cyanic 
add, CHNO, to cyanuric acid, C,H,N,0,- 

Pelymoi^^sm (Min.) Crystallisation of a mineral 
in more than three different systems. 

PolyoMi or Polysaeeharldes (Chgm.) See Cabbo- 

HYDBATES. 


Polyphase Currents (Elect. Eeg.) Two or more 
alternating currents differing from each other in 
phase by a constant amount. 

Polyphase Dynamo or Generator (Elect. Eng.) 
A dynamo for producing polyphase currents. See 
Dtkamo. 

Polyphase Motor (Elect. Eng.) A motor worked 
by a polyphase current. 

Polysaccharides or Polysaccharoses ((Mem.) 
Substances belonging to the ciirbohydrate class, 
such as starch, cellulose, dextrine.-^, glycogen, 
inulin, etc., all of unknown and probably high 
molecular weight, and having the empirical formula 

(CjHjjOj)n. 

Pomposo (Musie). Pompously. 

Ponty (Giant Mann/ac.) A tapering solid rod 
of iron sometimes called the Wobking Ibon. See 
Glass Manupactube. 


Poor Lime (Build.) A lime containing from 15 to 
30 per cent, of impurities insoluble in acid. 

Poplar. See Woods. 

Poplin (Tcaitile Mannfac.) A plain cloth, woven 
as tabby, with a fine ribbc<l lustrous appearance. 
Made from silk warp and a flue w'orsted shoot. In¬ 
ferior grades are made without any silk. 

Poppet (Eng.) The loose head of a lathe which 
supports the end of a long piece of work. 

Poppyhead (Architect.) An ornament used occa- 
sionmly in Decorated and frequently in Perpcndicnlar 
Gothic architecture, as a termination to l^mcli ends 
in churches. These poppybeads were frequently 
richly can'cd either with leaves or grotesque figures. 

Poppy Oil (Bee.) lliis oil is obtained cither by 
pressure or by means of solvents from the seeds of 
the opinm poppy (Papaver tomniferum). The best 
varieties axe almost white. The drying qualities of 
poppy oil are almost equal to those of linseed oil. 
It is used principally by artists, but abroad it is fre¬ 
quently employed for grinding white paints, such as 
zinc oxide and wWte lead, where a brilliant white 
surface is desired. Specific gravity, *924 to '926. 

Poroelaln. A specific kind of pottery manufac¬ 
tured from highly refined earths and mineral salts. 
In the process of manufacture it loses its earthy 
character and becomes a new and valnable material. 
It M characterised mainly by purity of colour and 
a fine tran.slucency, even when made comparatively 
thick. It is non-absorbent and highly resonant 
when struck. See Pottkby i^ND PobcsLiin. 

Peronpiiie (Lace Manufac.) An inter¬ 


mediate roller either with inserted pins or covered 
with wire card-cloth. It is contiguous to the work 
roller, and serves to give a more constant “ take up " 
of the £abri& It also ensures greater r^nlarity in 
the quality of the manufactured web. 

Porgle. The taw material fpartly offal) from 
which fish oil is extracted. !^e term is obiefly 
peculiar to the Atlantic Coast of Korth America. 
Also termed Menhaden. 

Poroni Pot or Cell. A vessel of nnglazed earthen¬ 
ware u.sed in primary colls, through the material of 
which the fluids of the cell can percolate, thus estab¬ 
lishing electrical connection (throngh the walls of 
the pot) between ilm inner and outer i>art8. 

Poq^hyrite (Geol.) A name originally employed 
ill a very loose sense to denote a decomposed lava 
somewhat near andesite in composition, so that even 
trachyte lava and basalt lava sometimes went by this 
name. The modern use of the word is limited to the 
trappean representatives of the diorites at the one 
end of the series and the andesite at the other. The 
rock consists essentially of piagioclaso felspar and 
ferromagnesian silicates, generally exclusive of 
olivine, in about equal proportions to each other, and 
in which the structure consists essentially of an 
older generation of huger idiomorpbic crystals of 
the.se minerals set iu a finer grain^ matrix of the 
same minerals of later consolidation. 

Porphyritie Btructnre (Geol.) Many eruptive 
rocks have consolidated in part under an earlier set 
of conditions, and ];iartly and finally under another. 
Umler the earlier conditions <^ertain of the consti¬ 
tuents sejarate out and complete their growth, white 
tiie remainder of the rock is still finid. Under the 
later ctmditions, wliich are usually those of lc.sscr 
pressure and lower temperature, the crystallisation 
of the remainder takes place. Hence the earlier 
generation of crystals may present some special 
characteristic, n.sually in regard to size, as comfared 
with tliose of the later generation. The present term 
usefully exprcs.ses that fact. 

Porphyry (Geol.) A lithological term now seldom 
employed in sc'entitlc descriptions on account of the 
loose and ill-defined manner in wliich it was used. 
It origiDally meant (as its name implies) a certain 
erujitive rock of a purjile colour. 1‘lien it came to 
be used for any kind of eruptive rook in whidi there 
was a conspicuous development of large idiomorphtc 
crystals in a finer grained ba.se. 

Porpoise (Zool.) Tiic genus Phoectna of the 
Cetacean family Belphini^. The porpoises are 
found in shoals in the seas around our coasts. The 
oil and skin arc used in manufactures. 

Porpoise Oil. Bometimes sold as “brown fish 
oil ”; is obtained by boiling the flesh and fat of the 
porpoise. The specific gravity at 16° C. is 0-922. 

Porry (Silk Manv/ae.) The stretch of warp from 
canc roll to harness, in wliich the lease or cross rods 
are placed. 

Port (king.) See roETB, 

Portable En^e. Small engines mounted on 
wheels for removal tiy horses, etc., hut distinguished 
from Tbactton Engines (g.v.) or road locomotives, 
which can travel by their own motive power. The 
ordinary pattern resembles the traction engine ib 
form, and has a similar boiler to a locomotive. 

Portamento, Portando (Music). Gliding from 
one note to another. 
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BorteuUto (ArohUeet.') A gate of iron or of wood 
strengthened with iron. It slid Terticallyin oonlisses 
or elwnnels formed in the jambs of a gateway, and 
was used in Boman and -Ctothic architectnre for the 
purpose of defence. An ornament resembling a 
portcullis was freqnentiy used in the Perpendicular 
style of Gothic iuxsliiteotare. 

— (Birr.) Bepresentations are used in heraldry, 
and the portcullis was a device of the Beauforts, 
thcnoe by descent that of the Tudors, and was used 
by the Tudor Henrys. Also used by Westminster 
City and Abbey. One of the pursuivants of the 
College of Arms is entitled Portcullis. 

Portae (Silk Marnffoo,") Twice the usual number 
of threads passing from warp bobbins on to the mill 
in the process of hand warping. Warping from 
forty-one bobbins (a number often used when organ- 
sine is fine), the ends from these bobbins passing 
once on to the mill, to the required length of the 
warp, is a Balt Pobtes. 

Porter (lAnen Manufae.') This term is used in 
Scotland as an equivalent to beer in Ireland, and 
means forty threads of w’arp. See Bebb. 

- (Met., ete.) A bar attached to a forging or 

fagot (j.v.}, by wmch it is held during hammering. 

Port Holes ^ Posts. 

Portico (Architect.) A colonnade in front of 
a classic or Benaissance building. See CoixtSKADB 
Pebisttlium and Stoa. 

Portico in-aatis” (Arehiteet.) See Akta. 

Portlend Beds (Geol.) Bocks of marine origin 
pertaining to the Upper Jurassic Hcries overlying 
the Kimeridge Clay, and followed by the estuarine 
and fluviatile Por^ck and Wealden Strata, which 
form the uppermost part of the Jurassic Bocks iu 
Britain. The Portland rocks are best exposed on the 
south coast of England, where they yield building 
stones of great value. 

Portlaod Cement (Build.) An artificial hydraulic 
cement comi)osed of the diluvial clay of the valleys 
of our chief rivers, mixed in definite proj^ortions with 
the chalk of the same geological districts. These 
materials are finely comminuted in mills, mixed with 
water, allowed to deposit, then desiccated and burnt 
to a point which produces vitrification. See Cembbts. 

Portland Stone. See Buildiko Stonbs. 

Portland Yato. See Vases. 

Portrait Gallery, National. See Kational 

POBTBAIT OALLEBY. 

Porta (Buff.) The openings by which steam enters 
and leaves the cylinder of an engine. 

Por^ (I'liundry). A moulder’s name for a large 
core print. 

PeaaniM (Mweie). (1) Trombone. (2) An organ 
reed stop of rich and powerful tone—of 8 ft., 16 ft., 
or 32 ft. tone. See Oboan, p. 441 

Pose (Art). The attitude or posture assumed by 
an individual for artistic purposes. The attitride of 
a painted or sculptured figure. 

Positif (P.), PosltiT (G.) (Music). Choir organ. 
Sie p. 440. 

Position drelo (Aitron.) A divided circle fitted 
to telescopes for the measurement of angles of 
position. 

Position Isomerism (Chem.) See Isombbisv. 


Poritln (Mueio), The German name for Choir 
Organ. See Obgak, p. 440. 

- (Weaving). As applied to a shedding 

motion, a positive tappet or dobby is one which 
controls the movement of a heald in either an upward 
or a downward direction. See NBGATIYII. 

Posttlre Charge (Meet.) A charge of electricity of 
the same kind as that produced when a glass rod is 
rubbed with silk. 

PositiTO Crystal (Phys., etc.) A Uhiaxal 
Gbystal (q.c.) in which the velocity of the Extra¬ 
ordinary ^y is (except along the Optic Axis) less 
than that of the Ordinary Bay. Quartz and Ice are 
examples of positive crystals. See also Docblb 
Befraction. 

Positive Direetion of Lines of Foreo (Meet.) 
The direction along which a positive charge or posi¬ 
tive pole would travel if free to move through the 
medium in which the lines of force are situated. 

Positive Lead, Wire, etc. (Elect. Eng.) The wire, 
etc., connected to the positive terminal of a source of 
electric current. 

Positive Pole (Elect.) The terminal connected to 
the copper plate or its equivalent in a primary cell; 
the corresponding terminal, i.e. the one from which 
the current fiows, in the case of a dynamo, etc. 

Positive Stress (Enp.) A compressional, as dis¬ 
tinguished from a tensional stress. 

Post (Paper). Printing paper 19J iu. by 16| in. 
in size. 

- (Paper Mwnufac.) A pile of hand-made 

sheets of paper in the wet state, separated by “ felts.” 

Postern (Archeeol.) A narrow door or gate 
affording entrance for foot passengers to a fortified 
town or castle. 

Poster Btiek (Typog.) A long wooden composing 
stick, a.scd for broadside and poster work. 

Post Horn (Music). An instrument of various 
lengths giving the sounds of the 2nd, .Srd, 4th, 6th, 
and 6th harmonics of the fundamental note, originally 
used by mail drivers. 

Postienm (Arehiteet.) See Cell. 

Post Offioe Box (Elect.) A form of Wheatstone’s 
Bridge, convenient for transit and used in the Postal 
Service. See Wheatstone’s Bbidob, 

Post-Tertiary (Oeol.) A term somewhat ambigu¬ 
ous in its application; but it is most commonly 
understood to refer to the geological period whioh 
succeeded the Late Pliocene. It thus embraces the 
whole of the Age of Snow (or Glacial Period) and all 
the time since. Its chronological value in terms of 
centuries may be gathered from the fact that nearly 
the whole of Etna, 11,000 ft. high, has grown up in 
that time, and that, too, at a rate which has been 
estimated at 1 ft. in three hundred years. 

Pot (Met.) A general term for a crucible. 

Pot Areh (Glass Manvfae.) A small kiln or 
furnace in which the pots are burnt previous to 
being transferred to the melting furnace. 

Potash (Chem.) A name rather inexactly used to 
indicate either potassium hydroxide or potasrtum 
carbonate; the context generally enables one to tell 
which compound is meant. It is rarely, ifjsver, 
used in scientific chemistry. 

Potash Alam (Chem.) See Alum. 
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Potash Mloa (Alin.) A synoaym for liosoovito 
(q.V.) 

Potassium (^Cheni.') K. Atomic weight, 39*2. 
Shining bluish white metal; crystallises in octabcdra; 
melts at 62*5* ; boils at 667°, giving a green vapour 
with characteristic absorption spectrum; specific 
gravity, 0*8i6 at 13°. The molecular weight deter¬ 
mined by the lowering of the vax)our pressure iu 
mercury solution indicates a monatomic molecule; 
value obtained 30 instead of 39. It dissolves iu 
liquid ammonia, forming a blue solution containing 
the compound potass-ammonium, £^„1T,. It is not 
oxidised in jxjrfectly dry air or oxygen; but in 
presence of moisture it is almost instantly oxidised. 
Bums with a violet flame on heating in air or oxygen. 
Decomposes water at the ordinary temperature, 
evolving so much heat that the hydrogen liberated is 
ignited and bums with a flame colotrred violet by 
vapour of the metal, 2K + 2UjO = 2KOH + It 
forms an amalgam with sodium, which is liquid at the 
ordinary temperature and has the appearance of 
mercury. This amalgam is ussod in making thermo¬ 
meters which will indicate a higher temperature than 
the boiling point of mercury. Potassium occurs in 
many silicates; e.g. orthoclase (q.v.), often called 
potash felspar ; as sj’lvinc, K(i; as caniallite, 
KCl. MgCUOII.,0; as kainitc, K.^SO,MgS(\MgCl*5IIjO, 
all in the St^sfurt deposits; in many mineral springs, 
and as an essential constituent of the bodies of plants 
and animals. Potassium was formerly obtained by 
. distilling an intimate mixture of potassium carbonate 
and charcoal at a veiy high temperature; but the 
yield was bad. The method now employed is the 
electrolysis of fused caustic potash; but, owing to 
the ease with which potassium catches fire, the 
kathode must be enclosed. Perfectly dehydrated 
caustic potash is used; the anode consists of sheet 
iron, and the kathode of an iron wire (3 mm. thick), 
which passc.s through the bottom of a magnesite 
crucible which is suspended mouth downwards in tliu 
melted caustic potash. The crucible is witbdraw’n 
by allowing the charge to nearly .solidify; then its 
contents are broken up imdcr naphtha. 

Potasainm ComponndB. Potassium Hydbius, 
KH. Slender white needles ; decomposed by water, 
forming caustic potash and hytirogen; takes fire in 
oxygen and in chlorine ; heated in ammonia gas at 
400°, it forms ^tassamidc, KNH^; it unites with 
carbon dioxide directly, with quantitative production 
of potassium formate, much heat being developed, so 
that cooling may be necessary—KH + CO, — HCOOK. 
The hydride is formed by heating potassium in dry 
hydrogen at 360°. Pot Assam idb, KNIIji a white 
crystalline solid; melts at 273°; sublimes over 400°; 
decomposed by water into caustic potash and 
ammonia; with nitrous oxide it yields the pota.ssium 
salt of azolmide. It is obtained by heating potassium 
in a silver 1x>at in a current of dry ammonia gas. 
Oxides : Potassium Monoxide, K*0, has not been 
obtained pure. When pota.ssmm is melted and (he 
theoretical amount of dry air is brought in contact 
with it, the product contains unchanged potassium. 
Potassium I'EBOxiDB ar Tetboxidk, K^O,, is a yellow 
solid; gives up oxygen on being strongly heated; 
behaves as a strong oxidising agent; e.g. with suli>bur 
and phosphorus it forms sulphate and phosphate ; de¬ 
composed by water, forming caustic potash, hydrogen 
peroxide, and oxygen; witli dilute sulphuric acid at 
alow temperature it is said to form liydrogen tetroxido, 
(Osonic acid). It is obtained by melting 
potassium in an atmosphere of nitrogen, and then 


gradually displacing tho gas by oxygen, which 
combines to form the tetroxide. Potassium 
I lYDBOXiDB, EOU (often called potassium hydrate 
and caustic potash). A white brittle solid usually 
met with iu the form of sticks which have been cast; 
deliquescent, and very soluble in water (2 parts 
EOU in 1 part H^O). It is a powerful alkali, uniting 
with all acids to form salts. On this account it 
readily absorbs carbon dioxide from the air. It 
dissolves readily in alcohol, and the alcoholic solution 
is an important reagent in organic chemistry when it 
is desired to remove the elements of an acid from an 
organic compound which would be hydrolysed if 
aqueous caustic potash were used; e.g. 

(IHjI + KOH = KI + Bfi + 

Etbyliodide. Etbylsoe. 

It is used iu making soap. A method of obtaining 
caustic potash has been described under Alkali (_q.v.) 
Another method, which is worked on a very large 
scale, is the electrolysis of a solution of potassium 
chloride iu water. The electrolysis is enected by 
one or other of two methods, each having for its 
object tho prevention of any action of the chlorine 
which is liberated in tiie electrolysis on tho caustic 
potash or potassium, as the case may be. The first 
of these methods is known as the diaphragm procesa 
Several varieties of this process are in use; one of 
them is as follows: A large iron vessel contains a 
scries of cells made of cement and provided with 
earthenware covers; between every two cells is 
suspended an iron plate, and the iron vessel and 
iron plates are all conncctod together and form the 
kathode. The cement cells all stand on insulating 
porcelain feet, and through the cover of each tJiero 
passes a carbon rod, a tube reaching nearly to the 
bottom of the cell, and a delivery tube. All the 
carbon rods are joined together and form the anode; 
the long tube serves for chai^ng the cell witli 
potassium chloride; the delivery tube serves for 
the escape of the chlorine whicii is used in making 
bleaching powder. The electrolysis is carried out at 
SO to 90°, ai»d it is stopped when the stieiigtlt of the 
caustic potash at tho anode attains a certain value, 
beyond wliich the manufacturer finds it inadvisable 
to go. Then the kathode liquid is drawn off and 
concentrated, unchanged chloride separates out, and 
a very pure product is obtained. The second method 
is known as the mercury process. Several varieties 
of this process are in use; one of them, the ('astucr- 
Kcllncr, is as follows: The cell is made of slate, and 
is divided into three {>artitions by two slates, all 
tliree i-ompartments communicating at the bottom 
by means of small holes in the partition slates. 



fia. l.->CA8TS£a-EKi.LX£B On-u 
Mercury to a depth of 3 mm. is put into the cell, a 
solution of the chloride iu partitions Aj, A, (fig. 1), 
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and water in partition The solution ia kept about 
6(P, The anodes are carbon rods placed in the end 
partitions, and the katbodo is an iron plate in the 
middle xjartltion. Nearly pure chlorine (06 to 97 per 
cent.) es^pes from the end partitions, and the metal 
alloys with the mercury; the amalgam is brought 
into the middle partition by rocking the cell, when 
the metal decomposes the water, forming caustic 
fm^h, and the mercury returns to the end par¬ 
titions. The rocking is effected by resting one end 
of the cell on an eccentric v, and the other end on a 
pivot or knife edge B, the eccentric alternately 
raising and lowering its end of the cell by a dis¬ 
tance above and bedow the horizontal equal to the 
depth of the mercury in the cell, while the rate of 
its revolution is such that the mercury has time to 
acquire its level in each position. When the solution 
in the middle partition attains a strength of about 
25 per cent, caustic potash, it is withdrawn and 
evaporated. Pure caustic potash may be made on 
a laboratory scale by heating potassium nitrate with 
copper foil for several hours to redness in a copper 
crucible, extracting with water, and evaporating 
the clear solution in a silver basin. Potassium 
CiiuiRinij;, KCl, closely resembles common salt, 
only it is more soluble in hot water and less soluble 
in cold water; at 30° the maximum solubility is 
the same for both, 37 parts in 100 parts water. It 
melts at 730°. Its occurrcn<‘e has been mentioned 
under Potassium ) It is obtained from carnallite 
by heating it to its melting point (17.’>°), when 
potassium chloride sejmrates out, and on cooling 
a further quantity separates, the magnesium chloride 
remaining dissolved in its water of crystallisaiion. 
This salt is used in the preparation of most of the 
other potassium compounds and also as a manure. 
Potassium Bromide, KBr, is a white solid, cry.stal- 
iisiug in cubes; melts at 722°; very soluble iu water, 
liurgely used in the preparation of silver bromide for 
photographic purposes, and in medicine in nervous 
diseases, and as a hypnotic. It is prepared by the 
action of bromine on iron filings in presence of 
water, forming a mixture of ferrous and ferric 
bromides, and decomposing this mixture with 
potassium carbonate, filtering and crystallising the 
solution ; also by dissolving bromine iu a solution of 
caustic potash, evaporating to dryness, and heating 
the mixture of bromide and bromate with charcoal. 
The residue is redissolved, filtered, and crystal]i.sed. 
I'OTASSIUM Iodide, KI, closely resembles the 
bromide in appearance, melts at (>86°, and is ex¬ 
ceedingly soluble in water. Its solution in water 
readily dissolves iodine, and from the led solution 
lustrous black crystals of the tri-iodide, Kl^ separate 
on evaporation over sulphuric acid. It is largely 
used in the preparation of other iodides and in 
medicine. Its preqiaration is just like tliat of the 
bromide. Potassium Chlobate, KCTO,, is a white 
solid crystallising in shining plates; melts at 309"; 
at 16°, 100 parts of water dissolve 6 parts of the 
salt; at lOO’, 60 iwrts. At 372° it begins to give 
off oxygen, and on continued heating it lo.se.s all its 
oxygen. Traces of chlorine are always evolved in 
this reaction. If the temperature is kept below that 
at which potassium perchlorate decomposes, the 
latter salt is formed a.s an intermediate product in 
large amount. On account of the case with which 
the chlorate gives up oxygen it is largely used for 
this purpose, Mixture.s of carbon, sulphur, and red 
phosphoros respectively with the chlorate are easily 
Ignited, and the two latter mixtures explode on per¬ 
cussion ; a mixture of antimony sulphide and the 


chlorate also ignites easily, and this mixture is used 
in tipping safety matches. With bydrochlmic acid, 
on gentle waxTning, a mixture of chlorine and oldotine 
peroxide is evolved, the proportions of the two gases 
varying with the proportions of chlorate and acid 
and with the temperature. With snlphurio acid it 
explodes violently, unless the temperature is kept 
low; then it forms chloric acid and potassium 
hydrogen sulphate; on wanning, the fonuer decom¬ 
poses, giving chlorine proxide and perchloric acid. 
It is used as an oxidising agent, e-jf. in the destruc¬ 
tion of organic matter in teeing for poisons, in the 
prepration of the dye aniline blook, in fireworks, 
and in making matches; it is also used in medicine. 
On a small s(^le it can be made by passing chlorine 
into a Lot and strong solution of potassium hydroxide, 
3CL + CKOH = 5KC1 + KClOj + 3HjO. On the large 
scale it is prepared by electrolysis of a solution of 
potassium chloride; to the solution of chloride a 
little potassium chromate is added (it appears to form 
a precipitate of chromium chromate at the kathode, 
which acts as a diaphragm); the temperature is kept 
at 60° to 80°; the electrodes are of platinum, or the 
kathode may be of nickel, and the liquid must be 
kept stirred all the time. The mixture of chloride and 
chlorate obtained, in both cases, can be separated by 
taking advantage of the fact that the chlorate is more 
solnblo in water than the chloride above 95°, while 
the reverse i.s the case below 95°. Also, potassium 
chlorate is less soluble the more chloride there is in 
solution; e.ff, at 20° with 60 grs. chloride per litre 
the solubility of the chlorate is 36'5 grs. per litre, 
while with 180 grs. per litre of chloride the solubility 
of the chlorate is 20 grs. per litre : more than 180 grs. - 
per litre of cliloride at 20° does not affect the 
solubility of the chlorate. POTASSIUM CABBONATB, 
K^CO,, is a white, indistinctly crystalline solid; 
melts at 879°, with some dccomposiiion; very soluble 
in water (KX) parts water dissolve 112 parts carbonate 
at 20°); deliquescent. Its solution is strongly alka¬ 
line, owing to hydrolysis. On the small seme it can 
be obtain^ by passing carbon dioxide into one half 
of a given solution of caustic potash till it is 
saturated, and then adding the other half: KOH + 
COj =- KIICO, : KHCO, + KOH - K.,CO, + H,0. 
Its manufacture has been described under alkali 
({'.■r.) It is largely used in the manufacture of 
other potassium compounds. Potassium Hvdbo- 
OEN Carbonate, KHCO,, also called bicarbonate of 
potash, is a white crystalline solid; decomposes at 
190° into carbon dioxide and potassium carbonate; 
less soluble in water than the carbonate (100 parts 
of water dissolve 33‘2 parts at 20°); its solution 
decomposes on boiling in the same way as the dry 
.salt on lieatiug. It is obtained by saturating either 
a .solution of the carbonate or of the hydroxide by 
carbon dioxide. It is used in medicine, e.y. in 
dyspepsia and in gout. Potassium Peboabbonatb, 
KjCjO,, a bluish white amorphous powder; easily 
decomposed ou heating, KjCjO, = K.CO, + CO, + O; 
soluble in water at if, but decomposea by water at the 
ordinaiy temi)eratiirc, K„C,Oj + H„0 = 2KHCO, + O; 
with acids and alkalis it gives hydrogen peroxide. 
It oxidises in much the same wa;> ^ hydrogen per¬ 
oxide; thus it oxidises lead sulphide to sulphate, 
and liberates iodine from potassium iodide at 0°; 
with iieroxidcs oxygen is evolved: MnO. + K,C,0, =» 
MuCO, + K,CO, + O,. It is prepared by elrotro- 
lysing a saturated solution of potassium carbonate 
at —10° to —15°, when it separates as a bluish solid; 
it must be quickly filtered off and dried on a porous 
plate iu a stream of dry air: it is never free from 



POT 


m 


POT 


carbonate and bicarbonate. PoTAasiUif Cyantids,., 
KCN, a white crystalline solid, bnt nsnally met 
with cast in sticks; very solnble in water; sparii^ly 
soluble in cold alcohol; more soluble in hot alcohol, 
from which it can be crystallised; very poisonous. 
It is a powerful reducing agent, so that when heated 
with metallic oxides it reduces many of them, e.y. 
the oxides of lead, tin, etc., Pb^O^ + 4KGN « 3Pb -f 
4KCNO; on this account it is used in blowpipe 
analysis. When heated with sulphur it unites 
directly, forming potassium sulj^ocyanate. In 
aqueous solution it is hydrolysed, KCN + H,0 
KOII -f- HCN, so that the solution is alkaline, smells 
of prussic acid, and is as poisonous as this acid, 
and is slowly hydrolysed to formic acid (potassium 
formate), HCN + 2H,0 = HCOOH + NH,. With 
strong sulphuric acid it gives carbon monoxide—no 
doubt from formic acid produced in hydrolysis of 
the first liberated hydrocyanic acid. All dilute 
acids decompose it, liberating prussic acid. Its 
aqueous solution dissolves platinum, and its dilute 
aqueous solution with access of air dissolves gold. 
8eo Q0U>. Its solution dissolves many cyanides 
which are insoluble in w’ater; hence its use in 
preparing the solutions used in the electrolytic 
deposition of silver and gold. It is obtained by 
beating potassium carbonate and carbon at a very 
high tempemture in a stream of nitrogen or of 
ammonia: in the former gas the heating is done in 
an electric furnace with carbon electrodes; in the 
latter the temperature is only 900°, but the ammonia 
is compressed to one and a thinl atmospheres. A 
mixture of sodium and potassium cyanides, which 
serves the same purposes as potassium cyanide, is 
made by heating potassium ferrocyanide (anhy- 
drous) with sodium, K^Fe(CN), + 2Ka «» 4KC'N + 
SNaGN + Fe. To obtain pure potaasinm cyanide 
the vapour of prussic add is passed into an alcoholic 
solution of caustic potash—the pure salt separates 
out. Potassium Febbocyanidb, K,Fe(CN)g, is a 
white solid. Ordinarily the salt is met with in 
yellow crystals, which contain SH^O; in this form 
it is commonly called Yellow Prussiate of Potash. 
It is soluble in water. On heating it alone it gives 
potassium cyanide, E^Fe(CN), — 4KCN + Fe + 

( p + Nj; on beating with potassium carbonate it 
gives a mixture of cyanide and cyanate. Heated with 
concentrated sulphuric acid it yields pure carbon 
monoxide; with dilute sulphuric acid it yields hydro* 
cyanic acid. Its solution is oxidised by chlorine or 
bromine to potassium ferricyanidc. For the action of 
nitric acid tee Sodium Niteopbujssidk under Sodium 
G 0 HPOUND& It is used in the manufacture of 
I’rnssian Blue and in calico printing. It is formed 
by the solntion of iron in potassium cyanide solution 
in absence of air, or of a ferrous salt in the same 
solution, the iatter being in excess. The chief com¬ 
mercial source of this compound is crude coal gas, 
from which it is preparer! in two distinct ways; 
(1) From the gas before it enters the purifier {tee 
Gas Mamufactube, p. 250); (2) from the spent 
hydrated oxide of iron used in some gasworks as the 
purifying agent. In this case the spent oxide, after 
a preliminary treatment for the removal of ammonia 
and sulphur, is mixed with quicklime and heated 
at 60° to 100° in closed vessels, where it loses 
ammonia. The product is extracted with water, and 
the solution of calcium ferrocyanide is treated with 
sufficient potassium chloride to give the sparingly 
soluble double salt KjCaFe(CN)^ which is filtered 
off, washed, and boiled with potassium carbonate. 
The solution of potassium ferrocyanide is then 


crystallised. POTASSIUM Fsbbictamide, K,Fe(CN). 
(also called Bed Prussiate of Potash), is a dark red 
solid, crystallising in prisms; heated in air, it giveft^ 
potassium -cyanide and ferric oxide, with loss of 
cyanogen; soluble in water. Its solution Is decom> 
posed by light, forming the ferrocyanide and a blue 
precipitate; its solution is used as an oxidising agent, 
being reduced to ferrccyuiide, and as a test for iron. 
It is prepared by passing chlorine into a solution of 
potassium ferrocyanide, and crystallising till free 
from potassium chloride. Potassium Budtho* 
cyamats, KCNB (also called Potassium Thiocyanate), 
is a colourless, ciystalline, deliquescent solid, very 
soluble in water, soluble in alcohol. It yields a blood 
red coloration with solutions of ferric salts. Heated 
with alkyl iodides, it gives alkyl sulphocyanates. 
With oxidising agents such os nitric acid, chlorine, 
etc., it yields a >ellow solid of doubtful composition 
calle<l pseudo-cyanogen sulphide, C,N,SjIT, which has 
been used as a dye under the name Canarine. It 
is prepared by warming a solntion of potassium 
cyanide with sulphur; also by fusing together potas- 
sium ferrocyanide, potassium carbonate, and sulphur. 
The cold and powdered product is extracted by boil¬ 
ing with alcohol; from the alcoholic solntion the salt 
crystallises out Potassium Nitbitb, KNOj, is a 
faintly yellow crystalline (prisms) solid; deli¬ 
quescent ; exceedingly solnble in water (dissolves in 
ouo-tbird its weight of water); solution is yellow and 
slightly alkaline; readily decomposed i>y acids, 
giving nitrous acid (</.r.) It is obtained by fusing 
potassium nitrate at a duU red beat, and gradually 
adding lead, extracting the fused mass with water, 
and purifying by recrystallisation. A purer product 
is obtained by passing the red fumes from nitric acid 
and arsenious oxide into a solution of pure caustic 
potash till nearly neutral; the nitrite can be crj'stal- 
li.sed by concentration to the requisite strength. 
Potassium Nitrate, KNO, (also called Saljietre 
and Nitre), is a white solid crystallising in rhombic 
prisms; melts at 3,52°; very soluble in water 
20^, 100 pirts water dissolve 3l’2 parts KNO,). On 
heating above its melting point it loses oxygen, form¬ 
ing the nitrite, and at higher temperatures it loses 
nitrt^n and forms a mixture of the oxides. It is 
reduced to ammonia by the action of the zinc-copper 
couple on its solution. Heated with oxidisable sub¬ 
stances, it gives up oxygen to them; e.if. sulphur 
thrown into the fused salt burns brilliautlv, so too 
carbon : 2K NO, + 28 - K-SO, + 80„ + N,, 4 KNO, + 6C - 
2K.CO, + 3COj + 2N,. alto Potassium Nitbite 

and GuJfPOWDEB. It occurs naturally in rich soils, 
in most spring and river waters, as an efflorescence 
on the soil in many hot countries. B'ormerly the 
chief source of nitre was the natural product formed 
by nitrification {q.v.) in the soil aliout t he drains of 
Indian villages. On the latge scale it is made by 
double decom|)Osition between potassium chloride 
and soflium nitrate. The diagram (fig. 2) shows the 
solubility of xxitassinm nitrate and sodium chloride 
expressed in parts dissolved by 100 parts of water. 
Aixive 24° sodium chloride is the least soluble in 
water of any of the four salts mentioned. Below 
this temperature potassium nitrate is the least 
soluble. Hence, if hot and strong solutions of 
sodium nitrate and potassium chloride ai-e mixed, 
sodium chloride will separate. Below about 24° 
potassium nitrate will separate; it does not separate 
pure, but is easily pnrifira by recrystallising. Nitre 
is used in making gunpowder, in medicine (e,g. in 
asthma, when porons paper is soaked in the solution, 
dried, and ignited, and the fumes are inhaled), and 
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as a food preaervative. See alee Nixmo ACW and 
POTABISIVM SvLraipBB. The normal aolphide, KgS, 
has not been 
obtained pore: 
crystals of 
E,S6^0 are 
obtained by 
evaporating the 
solution ob¬ 
tained by 
passing sul- 
phurett^ hy- 
drogen to 
saturation into 
one half of a 
solution of 
caustic potash, h 
andtbenadding | 
the other half, g 
Its solution * 
does not keep, 
but forms-, 
polysulphidcs 
and potassium 
thiosulphoi'te. 

Lives op Bul- 

PHITR is the 
name given to 
the mixture of sulphides, sulphate, and thiosulphate 
obtained by heating sulphur and potassium carbonate 
together. It is used in mediciho as an ointment in 
some skin diseases. The IlruKOKUU'HlDE, KKH, is 
obtained by beating potassium in sulphuretted hydro¬ 
gen, or by saturating a solution of caustic potash witii 
sulphuretted hydn)gen. See Mebcaptans. Potas¬ 
sium Sulphate, k!bO„ ciystallises in white rhombic 
pyramids; melts at 1,078“; soluble in water; at 15“ 
](X) parts water dissolve 10-8 parLs; insoluble in 
alcohol. It is used in medicine. It may be obtained 
by the action of sulphuric acid on the hydroxide, 
carbonate, or chloride; it is obtained in quantity 
from Kainitc, KjBO,. MgSO,. MgCljSHgO, by allowing 
it to deliquesce when mc magnesium chloride 
goes into solution aud the potassium sulphate is 
obtained by crystallising the residue. Potabsiuh 
I'EBSULPHATE, KgS^Og, is a white solid which 
crystallises in tables or prisms; soluble in water (100 
l>art8 water dissolve r77 parts of tbe salt at 0°) ; the 
solution slowly decomposes un standing in the cold, 
but quickly on warming, with evolution of oxygen. 
On heating it begins to decompose at 100“; KjSjOg 
= K,80, + SO, + 0. It is a slow but powerfjd 
oxidising agent; it liberates halogen from haloid 
salts ; dissolves many metals, forming sulpliatcs, and 
then changes tbe sulphate to peroxide in the case of 
those metals that form peroxides, e.ff. silver gives 
Ag.O„ nickel gives Ni,0,. It oxidises ferrous sulphate 
to lerric sulphate ; manganous sulphate to mangwese 
dioxide; alcohol to aldehyde; salicylic acid to 
bydroquinone carboxylic acid, 
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It is obtained by the electrolysis of a saturated 
solution of potassium sulphate in sulphuric acid of 
1’2 to 1‘8 specific gravity. The electrodes are of 


plarinnm wire: the anode A ia sunk deep in the 
liquid and sealed into a ^lass tube B for th^ 
greater part of its length (high 
current density at anode): the 
kathode K is a ring of wire near 
the surface of the liquid. A 
wide glass tube c surrounding 
the anode carries tbe liberated 
oxygen to tbe surface of tbe 
liquid without its coming near 
the kathode. The electrolytic 
cell D must be cooled by stand¬ 
ing in a vessel of cold water, B. 

The persulphate separates at the 
anode, and may be purified by 
a<lding it to hot water and allow¬ 
ing to cool when the SJilt crystal¬ 
lises out. Its formation may be 
represented thus : The negative 
ions of the acid sulphate travel 
to the anocle, and these (a) de¬ 
compose water, liberating oxygen 
and reproducing acid sulphate; (5) unite with one 
another to form the persulphate 

Tqk 'OK 'OKKO 

=BO-<' >80,. 

\o- '^O- ‘^O- 

Potassium Cheomate, KjCrO,, is a bright yellow 
crystalline solid, isomorphous with the sulphate; on 
heating it melts without decomposition ; very soluble 
in water (1(X) part.s water at 20“ dissolve 62*94 parts of 
tbe salt); its solution is alkaline to litmus, and has 
very strong colouring power, one part of tbe salt 
colouring 400,000 parts of water; Insoluble in alcohol. 
All acids convert the normal chromate to the 
dichromate, e.ff. 2 K,OtO, Il.SO, = K,Cr,0- + K,80, 
■f HjO. It is used as an indicator (q.v.) in the 
estimation of silver. It is obtained by adding tbe 
requisite quantity of caustic potash to a solution of 
the dichrumate, K^CrjO, + 2KOH = 2K.^CrO, + H,0. 
Potassium Dichbomate, K,Cr,0;, is a red crystalline 
solid, and the crystals are anhydrous; soluble in 
water (100 parts water at 20“ dissolve 13*8 parts of 
the salt) ; insoluble in alcohol; poisonous; on heating, 
it melts, and only decomposes at a very high tempera¬ 
ture into tbe normal chromate, chromic oxide, and 
oxygen, 2K^Cr,0, = 2K,CrO, + Cr,0, -t- 30. Its 
solution has an acid reaction. Heated with sulphuric 
acid, the dichromate reacts thus ; KjCr.O^ + 4H,604 
= K,SO, + Cr./80,), + 4H,p + 30. l^is reaction 
often occurs in the cold, when the solution of dichro¬ 
mate is mixed with sulphuric acid in presence of a 
substance capable of uniting with the oxygen; hence 
the use of potassium dichromate in the “ Bichromate ” 
battery and in the volumetric estimation of iron, in 
tbe oxidation of alcohol to aldehyde, of anthracene 
to onthraquinone, etc. Heated with concentrated 
hydrochloric acid, the dichromate give.s chlorine : 
KjCr.Oj + 14HC1 = 2KC1 + 2CrCl, + 7H,0 + 301^. 
Gentle warming with a less concentrated acid gives 
potassium cblorocbromate; 
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+ 2HCl = 2CrO.,< -sII-.O. 
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Hoated with oitric acid, it gives the tri- or tetra- 
ebromate, according to the strength of the acid. 
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Fot. Triohromate. 


When gelatine is dissolved in a solution of the 
dichromate and allowed to solidify again, it is acted 
on by light, and the dichromate is reduced to chromic 
oxide; on this fact is based the autotype process of 
reproducing photographs, etc. Potassium dichromate 
is made by roasting chrome iron ore, grinding the 
roasted product, mixing it with potassium carbonate 
and quicklime, and heating the mixture strongly with 
free access of air in a reverberatory furnitce. Cr.O, 
+ 2K,CO, + 30 = 2K.,CrO^ + 2CO*.CrjO,+ 2CaO +30 
» 2CaCrO^. The mixture of potassium and calcium 
chromates is extracted with water, and sufficient 
potassium sulphate added to precipitate the calcium 
as sulphate. The clear liquid is now treated with 
the requisite amount of diluted sulphuric acid, to 
convert all the chromate to dichromate, when the 
latter, being less soluble than the former, largely 
crj'stallises out. It is nearly pure. Potassium 
COBALTIKITKITB, K,Co(NO„\, is a yellow, finely 
divided crystalline solid, sparingly soluble in water. 
It may be formed by adding potassium nitrite to a 
solution of cobalt nitrate acidified with acetic acid. 
As the corre.sponding sodium salt is a cry soluble, it 
may be prepared first a.s just mentioned, using sodium 
nitrite in place of potassium nitrite, and then the 
potassium salt may be made from it by precipitation. 
The formation of potassium cobaltinitrite in this w’ay 
serves as a test for potassium, which is far more 
delicate than platinic chloride. Nickel does not’form 
a corresponding salt; its formation serves to dis¬ 
tinguish between cobalt and nickel. Fur the following 
compounds, Chloroplatinatb, etc., 1’eemanga- 
NATB,tftc., StLlCOFLUOI{II>E,«C« under PLATINUM, 

Manganese, and Silicon Compounds rcipectively. 

Potato {Botany'). Tiie underground stem tubers 
of the plant Solanum tuberwum (order, Solanacete) 
constitute the well known potatoes. 

Potato Stone ( Gedl.) Oeodes with a rough exterior 
which bears sfime resemblance in texture, and even 
in colour and size, to the vegetable from which the 
name is taken. They occur chiefly in tlic “ Dolomitic 
Conglomerate ” (which is a breccia of Upper New Red 
age) near Bristol. 

Potboard {Carp, and Join.) I'lic shelf under the 
drawers of a dresser. 

Potboiler {Art^. A work of art of little merit 
produced to fill a popular demand. 

Poteber {Paper Manufae.) A machine similar in 
construction to the “ brc»iker,” used for breaking and 
bleaching pulp. 

Potent {Her.) An obsolete word signifying a 
crutch. A field covered with small figures resembling 
a cross without the upper arm is called potent, l.ike 
vair, the tinctures are argent and azure alternately. 
See Hebaldby. 


Potential DUEmnee {Elect.) The difCeretice of 
potential between two points is equal to the amount 
of work which must be done on a positive unit of 
electricity in order to bring it from one point to the 
other. In praotioe it is usually measured in Volts 
{q.v.) In the case of a battery, dynamo, etc., the 
potential difference at the terminals is that portion 
of the total electromotive force which is available for 
sending a current round any circuit external to the 
source itself. 

Potential, Electrieal. The work which must be 
done (against electrical forces) on a unit positive 
charge, in onler to bring it up to a given point from 
an infinite distance (or from a place at which the 
}>otentiaI is zero) is termed the Electrical Potential 
at that point. The potential V, due to a charge Q, 

at a distance r from the charge, is V = - 

T, 

Potential Bner^. The energy which a body 
possesses in virtue of its position, chemical consti¬ 
tution, or circumstances other than its state of 
motion. Cf. Kinetic Enebgy. 

Potential Gradient {Elect.) The ratio between 
tite difference of potential at two points in a con- 
(iuctor to tlic distance between the points measured 
along the conductor. 

Potential, lli 4 {netie. The work which must be 
done (against magnetic forces) in order to bring a 
unit positive pole up to a given point from an infinite 
distance, or from a place where the potential is zero, 
is termed the Magnetic Potential at that point. 

Potentiometer {Elect.) An instrnment for the 
comparison of electromc)tive fon;es by balancing 
them against the iwtcntial difference between two 
points in a conductor of considerable resistance, 
through which a steady current is flowing. 

Pot Metal {Met.) An alloy of copper and lead, 
with sometimes tin, zinc, etc., added. It is occa¬ 
sionally used instead of brass in inferior work. 

Pot-Pourri {lUutie). A collection or medley of 
musical tunes. 

Pot Sleeper {Civil Eng.) A Chaib {q.v.) cast on 
a broad laise instead of being fixed to a wooden 
sleeper; used whore wood i.s liable to ra]>id decay or 
destruction by white ants, etc. 

Pott {Paper). Writing paper, 16 by 12J in. 
Printing jjaiwr, 15§ by 12^- in. 

Potter’e Wheel {Pottery Manyfac.) A vertical 
shaft with a fiat circular head about 8 in. in 
<iiametcr, upon which, while rotating at greater or 
less siiecd, such circular articles as cups, bowls, 
flower pots, etc., are made by the “ Thrower.” 

Pottery and Porcelain. (1) Modem Methods of 
ManvjeuAure, (2) History, 

(1) Modern Methods of Manufactubb ; Al¬ 
though generally spoken of in the same connection, 
pottery and porcelain are not synonymous terms. The 
generic term " Pottery ” includes porcelain, terracotta, 
earthenware, and, in fact, any manufactured article 
comprxsed of more or less vitrified clay. “ Pottery,” 
properly so culled, is inferior to jHircelain. It i.s 
composed of clays and earths, either simple or ad¬ 
mixed, which, after being submitted to the greater 
or less heat of the kiln, remain of a clay nature— 
porous, opaque, and only slightly resonant. “ Por¬ 
celain ” is more highly refined, and is composed of 
higher quality clays and earths, silicates, alkalies, 
phosphates, and alumina. After submission to a 
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sufficient beat in the kiln, its nature becomes changed, 
and it is no longer clay; it is highly vitrified, non- 
porons, semi-triinsluccnt, and highly resonant when 
struck. Porcelain is subdivided into two classes: 
hard paste and soft paste. ** Habd Paste ” is, 
generally speaking, an admixture of natural materials, 
such as “kaolin” (a silicate of alumina) and 
“ petuntse,” a similar material, but leas decomposed, 
and containing more alkali and more lime. After 
thorough amalgamation, the article manufactured 
from the resulting paste is burnt at such a temperature 
as leaves it only hardened and poruns. It is then 
dipped in the glaze mixture, which is composed 
largely of felspar, and submitted to a sufficiently 
high temperature to melt the glaze, which becomes 
partially absorbed by the “ body,’’ rendering it 
translucent and non>porous, and giving a perfect 
gloss to its surface. Soft Paste is more artificial in 
its composition tlian hard paste, and is manufactured 
on a different principle. Kaolin tvnd petuntse are the 
chief ingredients, as in hard paste, but to them is 
added calcined bone and sometimes felspar. The 
articles manufactured from soft paste are first sub¬ 
mitted to the greatest heat, rendering them at the 
first burning non-porous, translucent, and resonant. 
They are then dip]>ed in tlie glaze mixture, wliich is 
composed generally of a glass flux, kaolin, and 
carbonat,e of lime, ground finely together, and 
afterwards submitted to a temperature much lower 
than the first or bisque heat, but sufficient to melt 
the glaze upon the surface of the ware, the glaze 
in soft paste remaining upon the sjirface of the 
ware, and not being absorbed into it as in hard 
paste. Apart from the difference in the constituents, 
the manufactum of pottery and porcelain is almost 
identical. After the raw materials are reduced to 
fine creamy consistency either by grinding or by 
blunging (cutting up of clays in water by rotating 
knives), they are mixed in their proper proportions, 
and the resulting paste is then either used in “slip" 
or creamy state, or in clay, to obtain which a suffi¬ 
cient amount of water is squeezed from tlio “ slip ’’ 
in presses, or evaporated from it by heat, so rendering 
it stiff and jfiastic. The clay is now passed to the 
“ tlirower,” who makes articles upon the potter’s 
wheel, or to the " presser,” who forms them by press¬ 
ing it upon proper moulds. The slijt,” on the other 
hand, goos to the caster, who forms the required 
articles by casting; that is, by pouring the “slip” 
into the moulds. In each case the moulds arc made 
of plaster of f>aris or gypsum, and are very porous, 
rapidly absorbing water from the clay or slip placed 
in contact with them. In tlic case of casting, the 
absorption of the ])laster mould causes a coating of 
clay to adhere all over the in.sidc of the mould and 
take its exact sluipe, and when this is sufficiently 
thick the {xitter pours away the remaining slip from 
the mould, and in due conise the coating becomes 
sufllclentiy hard for the mould to be opened, and the 
clay which luts formed inside to be taken out and 
finished. Articles “thrown” upon the wheel are 
generally, and while the clay is still moist, pressed 
into moulds, to ensure uniformity of size and 
weight. After they have become sufficiently liard to 
handle, they arc removed from the monld.s, and are 
finished by the “ turner ” upon the lathe. In the 
case of “handled” pieces, the handle, after being 
“ pressed ’’ in a mould of the required sliape, is 
affixed by dipping the })art which is to come in con¬ 
tact with the bociy in “ slip,” and pre.ssing it into the 
tlie correct position. The mBnafacture of elaborate 
figures oi Vahes is done by casting, each part being 


formed in a separate mould, and the pieces joined 
together by the skilled potter. Some figures and 
vases require as many as from ten to fo^ moulds 
for the manufacture of the one perfect piece- An 
important consideration in the manufacture of pot¬ 
tery and porcelain is the contraction that takes place 
nntU the article has reached the maximum beat in 
the bisque oven. The contraction is threefold, and is 
due (1) to the evaporation or expulsion of the added 
water; (2) to the driving off of the chemical water; 
(3) to tiie vitrification or drawing closer together of 
the panicles of which the paste is composed. Clay 
articles when completed and thoroughly dried are 
placed in Sbgoabs or fireclay boxes, plates, saucers, 
and flat ware being bedded in ground flint, the bed 
being made by a mould the exact shape of the article 
to fixed in it. The seggars containing the clay 
ware are stacked in the bisque oven, which is bricked 
up. The fires arc lit, and the heat is slowly raised 
to the required temperature. After cooling, the kiln 
is opened and the ware taken out, the snperfluous 
ground flint removed by scouring, and the ware sent 
to the dipping house, where it is dipped in the 
required glaze. This is of about the consistency of 
thin cream. The articles are again placed in seggars 
(glazed)^ and stacked in the glost or glazing oven, 
which is generally of similar construction to the 
bisque oven. Except in the case of hard paste, the 
heat now necessary is much less than that required 
for bisque. Upon removal of the glazed ware from 
the glost oven, it is sorted and is then ready to be 
decorated. In the case of under glaze decorations, 
they arc applied to the hisqne ware, the glaze being 
super-imposed, the melting of the glaze aUowing the 
colours to show through. Reds made from oxides of 
iron and pinks and purples made from gold will not 
stand the great heat of the glost oven, and therefore 
cannot l)e used as under glaze colours. The glazed 
ware is now sent to the dec-orators for the requisite 
oniamentatiun. If it is to be painted, it goes first 
to the painter; if it is to hare a coloured ground, to 
the ground layer (y.r.); or if a printed pattern, to the 
printer. To prcxluee the best results, the painting is 
u.suully executed in two and sometimes even throe 
or more stages, the w-are bcitig burnt in the enamel 
kiln (^.r.) after each painting. Tlie first coat is called 
the “ washing in,” and the subsequent paintings the 
“ finishing.’’ The colours used are made from mineral 
siilts, the following being the main colonring agents : 
nines are made from cobalt; blacks from cobalt, 
manganese and iron in combination; turquoise from 
oxide of copper; greens from oxide of chrome and 
from oxide of copper; browns and reds from the 
chromates and oxides of iron; yellow from lead, tin, 
and antimony in combination; enamel piuks, rose 
colours, purples, rubies, and crini.sons from gold; 
under glaze pink from oxides of tin and chrome in 
combination. Metallic gold, which is laid on as le- 
quired by the gilder, is fired at the same heat as the 
painting in the enamel kiln, (lohl is prepared as 
follows: I’uro grain gold is obtained, and to it is 
added a certain proportion of metallic mercury. The 
mercury forms an amalgam with the gold, destroying 
its ductiliry; a little flux is added to ensure its 
adhesion to the ware, and the mixture is finely ground 
upon a mill. It is then mixed witl. a suitable 
medium, and laid upon tire ware with a mint bruBh; 
upon being subjected to the heat of the kiln, the 
mercury becomes volatilised, leaving the pure gold 
adhering to the ware. Tlie gold is afterwards bur¬ 
nished by being rubbed with an agate or hematite, 
commonly called bloodstone. 
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(2 ) Histobv : AMietii Pottery — £gyptu^ Oreek, 
Soman. The history of pottery Is practic^ly the 
history of man. There is no nation in the world 
in which nse has not been made of clay for the 
formation of vessels for domestic or other par* 
poses. Pottery, with more or less pronounced 
attempts at decorative omamentati<Hi, has steadily 
followed the path of civilisation, and amongst his¬ 
toric nations the earliest pottery known is that of 
Egypt, dating some three thousand years before the 
Oh^stian era. These relics of the earliest known 
civilisation have definite characteristics in harmony 
with the ruins among which they have been found ; 
improvement and development were gradual and 
persistent, and the later progress of one nation is 
coeval with the germ of art in another. In the coarse 
of a few centuries Egyptians discovered the art of 
glazing their wares. Subsequent progress is evident 
as regards style and refinement of form some cen¬ 
turies later, until there is a new birth in another and 
a neighbouring country, infiuenced by the develop¬ 
ments of a couple of thousand years in the older 
nation. Tans we see in the first Greek archaic 
pottery (dating about 700 b.c.) traces of Egyptian 
civilisation and motives of Egyptian cliaracter. 
From the date of the earliest Greek wares progress 
becomes much more rapid as civilisation advances, 
and in a period of about three hundred years wo 
arrive at the most sublime period of Greek Kernmic 
Art. Egyptian character has gradually died away, 
and has given place to the vigorous indigenous 
growth which has been grafted upon it. The Greek 
pottery of this period (about 400 B.c.) is marvellous 
in its perfection of form and in the care exhibited in 
the execution of the ornamental delineations. Figures 
of the most refined and beautiful character were also 
produced. As from the Egyptian to the Greek, so 
from the Greek to the Boman; but it cannot be said 
tluit the wonderful progress was continued or even 
the high level m^ntained. Pottery is essentially 
one of the arts of peace, and the Bomans were not a 
peaceful people. Boman pottery never attained the 
(icrfectiou of the Greek ; the materials were coarser, 
t!:c forms less refined, and tbc ideas of decoration 
were more inclined to revert to the Archaic than to 
improve upon the Etruscan. Eot only were the 
Bomans unable to band down a pure clagsic style 
of tbeir own to future generations, but by their lust 
of conquest they brought about the extinction of, 
and dealt the death blow to, the long line of the most 
sublime creations in Kcramic history. PoBCELAlN 
emanates from the Celestial Empire, and was first 
made about one hundred 3 'ears b.c. Tbc finest Chinese 
porcelain was made during the fourteenth, fifteenth, 
and sixteenth centuries. Porcelain was probably not 
made in Europe before the end of the seventeenth or 
the beginning of the eighteenth century. The first 
porcelain manufactured in England was prorluccd 
just before the middle of the eighteenth century 
(about 1740). The chief European manufactories of 
porcelain, ^ting from the earliest days, are: Dresden 
(Meissen), the national manufactory of Kaxony, 
established about 1706, and still flourishing; Capo 
di Monte (Naples), established 1736, abandoned 1821; 
Buen Betiro (Madrid), established same time, aban¬ 
doned 1312; lille, established 1711, abandoned about 
1800; Toaniay,«stablisbedl750,still carried on; Chan- 
tSty, established 1725, abandoned about 1800; Ht. 
Cloud, established about 1G96, destroyed by fire 1773; 
b 6 vreB (originated at St. Cloud), the national manu¬ 
factory of France, and still carried on (the finest 
Bhvrcs porcelain was manufactured about the middle 


of the eighteenth century); 
Berlin, established 1751, tbe 
nationid manufactory of 
Germany, and still flourish¬ 
ing ; Yienna, established 
1718, practically ceased 
worl^g about 1860. There 
have been, of course, many 
other less important fac¬ 
tories, and there are to-day 
great numbers in France, 
Germany, and Austria. 
Pottery has been, and 
probably is still, made in 
every country on the globe, 
and it is difficult to specify 
places; but mention may 
be made of Delft in Holland, 
Rouen (France), Urbino 
and Faenza (Italy), as pro¬ 
ducing as early as the end 
of the fifteenth century ex¬ 
ceedingly fine decorated 
pottery. In Finland pot¬ 
tery and good earthenwares 
w’erc made at a very earlA' 
date, but porcelain is only 
traceable to the first half of 
the eighteenth century. The 
first manufactory of any 
note was probably that 
established at Stratford-le- 
Bow, near London, the 
productions being always 
known as “ Bow ” china. 
This mauufactor}' only 
lasted about thirty years, 
the whole concern being 
purebased about the year 
1770 by William Duesbury, 
of Derby. A porcelain 
manufactory was estab¬ 
lished at Chelsea a little 
later, and became very 
famous for its fine pro¬ 
ductions, large quantities 
of figures and fine vases 
being made there. This 
manufactory was also pur¬ 
chased by Duesbury about 
the same time or a little 
earlier (1769) than tbe pur¬ 
chase of Bow. Tbe next 
c.stablishment for the manu¬ 
facture of porcelain was 
that at Worcester in 1751. 
It is probable that the pro¬ 
ductions of no English por¬ 
celain manufactory equalled 
those of Worcester for re¬ 
fined taste and general ex¬ 
cellence. The manufactory 
has been continued to the 
present day, and it is the 
only porcelain manufactory 
in existence in England 
which can show an un¬ 
broken descent from so early 
a date as 1751. Tbe manu¬ 
factory at Derby, established 
in 1756, was continued until 
tbe year 1849, and about tbe 
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same period were founded factories at Caughley 
(Salopian), Coalport, and Ijowestoft; also the fac^ 
tories at Pljmoath and Bristol, and both pottery and 
porcelain were made in Liverpool The celebrated 
Wedgwood ware was also first produced about the 
same period Q762). At later dates the manufacture 
of pottery and porcelain extended very consideiably, 
es^oially in the Pottery ” district of North Stafford* 
shua, there being many factories at Btoke-on-Trent, 
Hanley, Bnrsiem, Longton, Shelton, etc. Factories 
which, however, existed for only a comparatively 
short space of time were carried on at Nantgarw aud 
Swansea, in Wales. The Rockingham mairufactory 
at Bwinton also produced some fine porcelain. It is 
probable that at the present time pottery u one form 
or another is made in nearly every county in England. 
Tire manufacture otporcelain, is much more restricted, 
being practically confined to Worcester, Derby, 
Coalport, and the Staffordshire “ Potteries." W. M. B. 

Pot YalTO ( Eny.') A valve whose cover consists of 
a short tube closed at the top; occasionally used as a 
safety valve. 

Poonelilf (Dec.) The method of transferring a 
desigfu done on paper to a panel, ceiling, wall, or 
other surface on which it is to be finally executed. 
It consists in perforating the outline of the design 
with a needle set in a handle, or, better stUl, by 
means of a small implement used by dressmakers, 
and called a “ tracer." The paper pattern is then 
fixed in position on tho wall, etc., by means of needle 
points, and a imnncer formed of a linen bag, and 
containing charcoal or fine coloured chalk, is dabbed 
over the lines, a portion passing through the 
small holes and leaving tho pattern on the .surface 
beneath. When the design is of a complicated 
character, it is often found convenient to use two or 
more different coloured chalks, so as to distinguish 
the different parts. 

Pound. See Wbiuhts akd Measubks. 

Poundal (Meeh.) The unit of force in the English 
system; it is the force which, if it act on a mas.s 
of 1 lb., produces in it an acceleration of 1 ft. per 
second per second. 

Pound Degree (Eng.) Tbe unit of heat commonly 
used by English migineers ; it is the amount of heat 
necessary to rai.'e 1 lb. of water 1“ F. 

Pouring (Foundry). The process of filling a 
mould with melted metal. 

Pouring Gate (Foundry). The iKGATS by which 
melted metal enters a mould. See Gate. 

Pouue (Mugic). The upstroke of the bow. 

Powder of JUgaroth (Chem.) An old name for 
antimony oxychloride, so called from a physician, 
Algarotus, who employed it in medicine. It is not 
used now. 

Power (Dhy$., Eng., etc.) Tho amount of work 
done (or energy 6uppiie<l) in unit time. See Hobse 
rowEB, Joule, and Watt. 

-, JLltemating Current (Elect. Eng.) Tho power 

develo^d by an alternating current is ec^oal to tiie 
product of the virtual current, virtual voltage, and tbe 
cosine of their phase difference. See Poweb B’actob. 

-, Bleetrleal. See Watt. 

Power Factor (Elect. Eng.) Tho ratio of tho true 
power in an alternating current circuit to the api>arent 
power obtained by multiplying together the virtual 
current C and virtual voltage V. In simple cases 
the power is equal to CV Cos where 4> is the angle 
of lag or phase difference between the E,M.F. and 
the current in the circuit. 


Power Home (Elect. E^., etc.) The building 
or central station containing the engines, boilers, 
dynamos, etc., for supplying ounent. 

PracUoal Unite (Elect.) See Auviw, Yolt, 
Ohh, and Units, Electbical. 

Pralltriller (Mutic). See Mobdbntb. 

Pram (Min.) A translucent leck-green variety of 
quartz or chalcedony. It is used as on ornamental 
stone. 

PraBodidymiam iSes Didtwium. 

P.R.B. (ArQ. See Pbe-Raphablitb Bbothbb* 

HOOD. 

Pre-AdmiHion (Eng.) Tbe admission of fresh 
steam to a cylinder shortly before the end of a stroke. 

Pre-Cambrian Rocka ( Oeol.) Tbe series of fossUi* 
ferous rocks, wliich are next older than the Ordo¬ 
vician Rocks, forms the lowest member of the Pro- 
tozoic System. As tlie Cambrian Rocks contain 
representatives of almost all the known groups of 
invertebrata, they were probably formed long after 
tbe Dawn of Life upon the Earth. Three subdivisions 
of the Cambrian Rocks are recognised. The lowest, 
sometimes called the Taconio System, contains tho 
trilobites belonging to the Olenellvt group; the next 
atove yields trilobites of tho Paradomdet tyi»; and 
tho highest is characterised by forms of trilobites 
allied to Olenv*. In the north-west of Scotland the 
highest member of the Cambrian Rocks is tl;e 
Durness Limestone. Below the base of the Cambrian 
Rucks, and therefore of older date than any fossils 
yet known with certainty, tliere occur various other 
rocks, which arc those referred to. In the Long- 
myud, on the border of Wales, the base of tl.e 
Cambiian Rocks at Cacr Caradoc lies upon some 
ancient volcanic rocks known as the Ubiconian 
Rocks, and in another place upon some very ancient 
sediments. In Anglesea, again, a Pre-Cambrian set 
of volcanic rocks, the Bangor Beds, underlies tie 
base of the Cambrian Hocks. At Barmouth a thick 
series of greywacko.s, tho Harlech Bods, usually 
classed with the Cambrians, occurs beneath them. 
In the north-west of Scotland an ancient sot of 
rocks, the Tobbidoniaks, which were formed under 
desert conditions, occurs between the Ijewisian 
Gneiss aud the lowest member of the Cambrian 
Rooks; and if they arc not faulted into that position, 
they must also be truly of Pre-Cambrian ago. Else¬ 
where in Scotland the rocks which are known with 
certainty to bo Pre-Cambrian are either part of the 
Lewisian Gneiss or else some very ancient sediments, 
tint of which, it is believed, the gneisses themselves 
have been formed. 

Preoentop (Mv*ic). A cathedral official who directs 
the choir and the musical portions of the service. 

Preceulon of the Equinoxes. A gradual move¬ 
ment of tlic First Points of Aries and of Libra along 
tbe ecliptic, at the rate of about 50 seconds |)er year, 
lliis is duo to the fact that the earth’s axis is not 
fixed in space, but is slowly describing a conical 
figure, like a spinning top does when it “ reels ” without 
failing over. 

Pp^oieox (Art). The term applied to works of 
art which exhibit careful execution, with a fine and 
ina-sterly touch. 

Preciona Coral. See Cobal. sr* 

PreelouB Stones and Gems. To the ancients a 
gem was any stone which was boantifnlly coloured, 
rare, or of sufficient hardness to use for seal engrav¬ 
ing. The term is now used for a stone wliich in one 
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small piece exhibits fine colour, fire, or lustre, and 
wiiich is hard enough to take a good polish. Precious 
stones are those which possess similar properties in 
an inferior degree. The nomenclature is rery 
complex, aud those minerals to which the ancients 
applied a certain name are in but few cases the 
same as those for which we now use the name. 
In popular language many totally different minerals 
are known by the same name; and lapidaries name a 
gem stone rather by its colour than by its compo.si- 
tion, distinguishing between different species by 
calling the more valuable Oriental and the less 


valuable Occidental. Often, too, they use some adjec¬ 
tive derived from the locality in which tiro stone 
occurs to indicate the less or more valuable gems, 
€.g. yellow Quartz they call Brazilian Topaz to die- 
tingnish it from true Topaz; and the yellow variety of 
Corundum, which is mure valuable on account of 
rarity, hardness, and brilliancy than the true Topaz 
they call Oriental Toim. Another confusion arises 
from the popular impression that many gems which 
are of the same mincralogical species are different, 
c.i/. lluby and Sapiihire, which arc both varieties of 
Corundum. 


List I.—Commercial and Popular Names. —In this list, against the popular name of the gem, is 
given a note of the various minerals which may occur commercially un<ler that name. 

( 'Diamond. 

Corundum in part. 

{ of the Ancients . . = a stalagmitic variety of Calcite. 

massive Qypsum. 

{ one of the Precious Garnets, 
an old name for violet Rpincl. 

/true . . . — violet Quartz. 

I Oriental . violet (’orundiim. 

1 false .... vuilct Fluorspar, 

tin p»rt the Hyacinth of the ancients. 

fa variety of Quartz with .spangles of Mica. 

I ., ., Orthoclasc,,.. 

. Albite . „ 

Oligoclaso „ .. ., 

Sec List IT. -t 


Auahakt 


Alabaster 


Almandinb 


Amethtst 


Aventueine . 


r 

1 


Beryl 


Cat’s Eye 


Chrysobebyl 


Chrysolite 

or 

Peridot 


f Quartz with |)arallcl ftbrc.s of Asbestos. 

Chrysobcryl cut cn eahoehon. 
t a variety of Microclinc. 
ftrue 

1 of the Ancients 
^ot the Ancients 


^true, a variety of Olivine. 
Oriental .... 
of the Ancients 
Brazilian T 

Peridot of Ceylon / 


yellow green Corundum. 
Topa^.. 

yellow green Tourmaline. 


Chbysopease 


ftn 
® |of 


true, a green variety of Chalcedony. 


the Ancients 


Diamond 


Emerald 


Garnet 


/ true. 

\Ocei<lental 
/"true, green Beryl. 
I false 
Oriental . 
tllrazilian 

See List II. 


f Emerald. 

^^Ch^y,sobe^yl. 

-= Rock Crystal, a variety of Quartz, 

— green Fluor. 

— olive green Corundiiin. 

— green Tourmaline. 


JlYACINTlI 

or 

Jacinth 

Moonstone 

Peridot 


' 1 

Ruby 


/true, a red variety of Zircon. 

j Oriental . — reddish brown Corundum. 

I of Compostella == Quartz stained red by clay, 

tVesuvian - Idocrasc. 

f a variety of Microclinc-, Albite, or Oligoclase. 

(of the Ancients — Selinite, a variety of Gyp.snm. 

See Chby.soi,ite, 


/'true or Oriental 
false 

Bohemian 


Balas Ruby 


Elie 

Rook 


I Ruby 


Biazilian 


- Corundum of the ruby colour, 

— red Fluor. 

-- rose Quartz. 

= red Spinel. 

= Pyrope Garnet. 

f yellow Topaz tamed red by heat, 
(red Tourmaline, 
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SAPFHIBE! 


BnNEL 


Topaz 


Tobquoise 


/’true or Oriental 
false . . . . 

Sapbir d'Eau \ 

Water Sapphire/ ’ 
of the Ancients in part 

Brazilian 

LSapphire of de Baussare, 
See List II. 
true 

false . . . . 

yellow I 
Bohemian/ ‘ 
smoky . . . . 

Oriental... 

V,of Ancients . 

{ trae. 

of Ancients . 


Une Oomndnm (» Telesia). 
/blue Fluor. 

' \ blue Qnartz. 

- bine lolite. 

~ Lapis Lazuli. 

_ / blue Topaz. 

t Indicolite (blue Tourmaline). 
= Cyanite. 


_ / yellow Fluor. 

~ (Citrine (yellow Quartz). 

= Citrine (yellow Quartz). 

== Smoky Quartz. 

= reddish yellow Corundum. 
= Olivine in part. 

— Lapis Lazuli in part. 


List II.—Names op Minbealogical Species.—I n the following list of gems and precious stones tho 
name-s as commonly used are given under the mineralogical tpeciet to which the stones belong; those 
marked with an asterisk may more properly be considered gems. 

*1>1AM0KD = Adamant of the Ancients. 

Fluoespab : the violet variety = False Amethyst. 

green „ . = ., Emerald. 

„ red „ “ Euby. 

,. blue . = ., Rapphire. 

,. yellow „ . = „ Topaz. 

Quabtz.—V arieties; Kock CrysUvl . ~ Occidental Diamond = Whitestone. 

Btained red by clay — Hyacinth Compostella. 

>•' ' Star Quartz. 

•Amethyst: this was in part <bc Hyacinth of the Ancients. 

Rose Quartz . Bohemian Ruby. 

♦Citrine . . . -= Yellow Toimz = FalftO Topaz = Bohemian Topaz. 

•Smoky Quartz. - Cairngorm = Smoky Topaz. Morion is a very dark variety. 

Blue . . . . = Sapphire. 

Aventurine. 

Sagenitic: («) containing Rutile = Venus* or Thetis’ Hair Stone or Filches d’Amonr. 
Cat’s Eye. Tiger’s Eye. Chalcedony. 

Carnclian . . . — Hard; liner varieties = Oriental Camelian; softer and 

yellowish red varieties = Occidental Camelian. 
Chrysoprase . . Glirysobcryl of the Ancients. 

I’rase . . . — A leek green variety. 

I’lasina, from irXd<r/ta, is uslmI for intaglioa 
Bloodstone . = Heliotrope. 

Agate : (a) Banded . = Scotch I’ebhle ; (h) Fortification; (<;) Moss Agate = Mocha 

Stone. 

Onyx, naturally bands of different degrees of porosity. Only black and white artificially. 
Sardonyx = bands of Sard (Camelian) and white Chalcedony. 

Jasper. 

OPAL.-rrVarieties are: Precious Opal, Fire Opal, Australian Opal, Cacholong (a milky white variety), and 
Qirasol, white with red rellections in tho sun. 

COEtJNDUM: anciently Corivendum, sometimes called Adamant. 

A'arieties in colour: pigeon’s blood . == •Ruby (also called Oriental or True Ruby), 

magenta . . = Barklyite. 

reddish brown . - Oriental Hyacinth, 

light brown . Adamantine Sjwr. 

violet . . %= Oriental Amethyst. 

with pearly reflections = 
white 


mddish yellow Oriental Topaz, 

colourless 


yellow green — Oriental Peridot or Oriental Chrysolite, 
olive green = Orient.al Emerald. 

blue . . = •Sapphire (also (allied Oriental Sapphire and Telesia). Sub- 

variety: Asteriated or Star Sapphire or Star Stone. 
Sapphire wa.«i in part the Hyacinth of tho Ancients, 
different colours Montana Sapphire. 

colourless, with reddish or bluish reflections = Girasol Sapphire. 
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SfikEL: red 

pale blue 
violet . 

•Chbysobebtl.— Varieties: 


. » *Balas llaby (Rubioelle or Ruby Spinel^ 

. Akcrite. 

. . . «> Almandine of old writers. ^ 

Alexandrite, dark emerald green, red by transmitted light, strongly pbosphor- 
esoent. 

Cat’s Bye . = Cut en cahochon. 

Cymophane, an opalescent variety. 

Ghrysobeiyl represented in part the Chrysoprase of the Ancients. 

Oalcite.—V arieties : Mexican Onyx, stalactitic, from Mexico. 

Alabaster of the Ancients was a stalactitic or stalagmitic calcite. , 

Lnmachelle or Fire Mai-blc. 

Malachite. 

Obthoclase ; Adolaria, a transparent and pearly variety. 

Sunstono or Aventurine Felspar containing spangles of Mica. 

Micboclimb : Moonstone, with a pale i>early lustre. 

Amazonstone, bright green. 

Oat’s Bye, with a banded dash of light. 

Albite : Aventurine (Sunstone). 

Moonstone. 

Oliuoclase : Knnstone. 

Moonstone. 

Labradokite. 

Pyroxekb ; Diopside, a green transparent variety from Ala in Piedmont. 

CaOCI POLITE. 

. = ‘lleryl of jewellers. 

= Aquamarine. 

. = Golden Beryl, the Chrysoberyl of the Ancients. 

= *Emerald, formerly Smaragd ; the Chrysoprase of the Ancients. 
. = ’Cordierite = Dicliroite. 

Saphir d’Eau or Water Sapphire is a blue variety. 

= Sapphire of Ancient.** in part. Turquoise of Ancients in part. 
= Grossularite (*EssoniU!). 

*Pyrope (Precious Garnet, Ruby, Bohemian Garnet, or Rock 
Ruby). 

•Almandine = Precious Garnet in part {en caheclum = Car* 
bunclo). 

. = Topazoliie, a yellow variety. 

Dermantoid, an emerald green variety. 

. = Uvarovite, green. 

Olivine : •Chrysolite (Peridot, the Topaz of the Ancients) is a yellow green transparent variety. 

Chrysopal is an opalescent variety. 

Dioptasb. 

. = Vesuvianite = Vesuvian Hyacinth. Cyprinc is a jialo blue 

variety. 

. = *Hyaciuih or Jacinth (the Lcgieio of Aaron’s Breastplate 

jirobably). 

. Jargoon. '■*» 

. Beocarite. 

. - Chrysolite of the Ancients ; formerly also called Physalite or 

Pyrophysalith. 

. ^ Saxon Topaz (when turned red by heat it is called Brarilian 

Ruby). 

== Mexican Topaz. 

. = Gonttes d'Eau. 

= Bi-aziliau Sapphire. 


•Bebyl ; pale green 
blue green 
yellow green 
rich green 

•lOLlTB 

Lapis Lasscli .... 

Gabnet ; 1. Aluminium Garnet 


II. Iron Garnet 
III. Chromium Garaet 


iDOCBASE .... 

ZiUCON ; red , 

colourless or smoky 
olive green . 

•Topaz .... 
colours: jiale yellow . 


more varied yellows . 

colourless . . . . 

blue . . . . . 

Amdalusite, 

•Gkanite. 

ZOISITE : a pink variety is called Thulite. 
..^^EHEiTE ; cut en cahochon. 

•Toubm ALINE : colours: dark blue. 

yellow green . 
pink 

red. 


Sapphire of de Saussurc ; also called Sapparc. 


— Inclicolite or Brazilian Sapphire. 

= Peridot of Ceylon or Brazilian Chrysolite. 
= •Rubellite or Red Schorl. 

= Brazilian Ruby. 

= Brazilian Emerald. 

= Achroitc. 


green 
colourless. 

Sbbpentinb. —Varieties ; Precious Serpentine and Picrolite (fibrous). 

Sphene : Liguritc, a green variety from Liguria. 

Tubquoise . . . . " . . = Callais of Pliny, 

Gypsum : the variety Selenite probably was the Moonstone of the Ancients; massive 
AuBBB: Copalite is a fossil Amber. 

Jet. 


i Alabaster. 
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List ni.—The following table gives the ciystallographic system, chemical composition, and priiK^pal 
physical characteristics of the species enumerated above: 


. 

Ciyttollofrniphic 

Hygtcni. 

upMieo 

Giavitr. 

Hoidneu. 

Refractive 

ladez. 

Diamond . 

Cubic 

3-6—3-6 

10-0 

2-439 

Fluorspar. 

Cubic 

3-017—3-188 

4-0 

1-4.34 

Quartz 

llhombohedral 

2-5-2-8 

7-0 

1-548 

Opal 

(Amorphous) 

1-9—2-3 

G-6—6-5 


Oorfindum 

Hhom^hedral 

3-93—4-08 

9-0 

1-794 

Spinel 

Cubic 

3-62—3-95 

7-5—8-0 


Chrysoberyl 

Orthorhombic 

368—3-7.'i 

8-5 

1-76 

Calcite . . 

Rhombobedral 

2-69-2-76 

3-0 

1-654 

Malachite 

Monosymmetric 

.3-71—4-01 

0 

1 


Orthoclaae 

M onosymmetric 

2-63—2-59 

6-0 

1-53-1-76 

Microclino 

Triclinic 

2-44 

6-0 


Albite 

Triclinic 

2-54—2-64 

C-0-0-5 


Oligoclase 

Triclinic 

2-63—2-74 

6-0 


liabradorite 

Triclinic 

2-67-2-76 

6-0 


Pyroxene . 

Crocidolitc 

Monosymmetric 

32-3-4 

5—6 

1-680 

(Fibrons) 

3-2- .3-3 

4-0—4-5 


Beryl 

Hexagonal 

2-67—2-76 

7-5—8-0 

1-585 

lolite 

Orthorhombic 

2-60—2-72 

7-0—7-5 

1-544. 

Lapis Lazuli 

Garnet— 

I. Aluminium : 

Cubic 

2-38—2-45 

5-0—5-6 


(a) Grossularite 

Cubic 

3-44—3-62 

6-5—7-0 


(6) Pyrope 

(lubio 

.3-70—3-78 

6-6—7-5 

1-792 

(e) Almandine. 
11. Iron: 

Cubic 

3-95—4-29 

7-0—7-5 


(a) Topazolite . 

' (6) Dermantoid 
Ill. Chromium; 

1 Cubic 

3-65—3-85 

7-0 


(a) Uvarovite . 

Cubic 

.3-42 

7-5—8-0 


Olivine 

Orthorhombic 

3-3—3-44 

6-6—7-0 

1-060 

Dioptaso . 

Khombohedrul 

3-27—3-36 

6-0 

1-667 

Idocrase , 

Tetragonal 

335-3-45 

6-,'» 


Zircon 

Tetragonal 

4-0-4-7 

7-r, 

1-961 

Topaz 

Orthorhombic 

3-4-30 

8-0 

1627 

Andalusite 

Orthorhombic 

3-1—3-2 

7-6 

1-024 

Oyanite 

Zoisite 

Triclinic 

3-58—3-68 

5-6 


Orthorhombic 

3-28 -3-3.6 

6—7 


Prehnito . 

Orthorhombic 

2-92-3-01 

6-0—7-0 


TourmaUne 

Rhombohcdral 

3-0—3-3 

7 - 0 — 7-5 

1-637 

Serpentine 

(? Amorphous) 

2-47—2-60 

3-0 


Sphene 

Monosymmetric 

3-3—3-7 

.5-0—5-5 

1-631 

Turquoise. 

(Amorphous) 

2-62-3-0 

6-0 

1-53 

Gypsum . 

Mbnosymmetric 

2-28-2-33 

1-6-2-0 

Amber 

(Amorphous) 

1-08 

2-0—2-5 

1-5 

Jet .... 

(Amorphous) 

1-02 

2-0—2-3 



Cbeuicsl foriBttls. 


C 

CaF, 

KiO. 

SiO,.NH,0 

aiA 

Mg0.Al,.0, 

BeO.Aljb, 

CaCO- 

2Cu0.C0,.n,0 

K.p.AljO,.(5SiOj 

K,O.AljO,.6SiO, 

Na„O.AJjO,.GSiO, 

.‘l(2fa,O.ALO,-6H‘C 

Na,O.ALO,.6SiO„, 
Ca0(Fe,Mg)0.2Sll 
haFe(SiO,)„.FeSiO,' 
3Be0,Al,0,“.68i0, 

H„0.4(MgFeO). 4A1,0,. lOSiO, 
Na,(NaS,.Al)A4Si,0„ 


GCaO.SSiO, + 2Al.O,.38iO, 
GMgO.SSiO, + 2AljO,.3KiO, 
CFeO. 38iO„ + 2A1,0,. 3SiO, 

CCaO. 3Si(\ + 2Fc.,0,. 3SiO, 


CCaO.SSiO.. + 2Cr,0,.3Si0, 
2(MgFe)0.'Si0j 
HjO.CuO.KiOj 
?Il(OH).Ca„.(AlFe)^SiO,)„ 

ZrO.SiO, 

[Al(0,F,)]A18i0, 

Al,0,.SiO, 

AhOj-SiO, 

4Ga0,3Al,0,.CSi0j.IIj0 

ll..Ca^l.^U>,-, 

rii^O, 2NajO,. 9FeO. 6B,0,. llAljO,. 248iO, 
(very variable) 

3Mg0.2W0».2Uj0 

CaO.TiO5.8iO, 

2Al50,.P50,.6H50 
CaSO, + 2H,0 
(Hydrocarbon compound) 

(Hydrocarbon compound) 


The catting of gems is an industry in itscU. 
Theoretically the angles of the facets should be 
calculated for each mineral from its refractive index, 
so as to give the greatest possible brilliance, 
lhactioally the form is determined largely by what 
portion of the gem is free from Haws. There are 
throe principal ways of cutting precious stones; 
they may be; (1) Hose Cut, (2) Bbiuuakt Cut, (.3)cut 
Bn CabochoK. (1 ) a rose cut stone is roughly in the 
form of a low pyramid, formed of a number of 
triangular facets. TIm stone is set with its flat base 
towards the mount. (2) A brilliant out stone has the 
general form of two pyramids, base to base, the one 
towards the setting being slightly truncated by a 
plane called the collet. The pyramid which is 
towards the light is markedly truncated by a plane 
called the table. (3) A stone cut tn cabooluin has a 


Hat base towards the mount and a convex surface 
towards the l^ht. Sometimes the surface towards 
the mount is concave, so that the stone forms a 
meniscus. A diamond which is to be cut is mounted, 
in pewter, and then pressed on a wheel revolving 2,000 
or 3,000 times per minute, with a pressure of 2 to 
30 lb. proriuced by weights. The wheel is of iron, 
about 9 or 10 in. in diameter, and is dressed with 
a mixture of diamond dust and oil. The polish¬ 
ing of diamonds was unknown till &e middle 
of the fifteenth century. At lUrkenfeld, gems are 
polished on grindstones of about 4 ft. in diameter, 
driven by water wheels, and having their under 
parts dipping into the stream to keep the stones 
constantly wet. The operator lies at full length 
on a block hollowed out to fit the chest, and 
holds the gem on about the level of his eyes. 

36 












FBB 


562 


FB£ 


Position and dnst oombined usually pave the way for 
nn early death of the workers, hrom consumption. 
Many imaginaiy virtues were attached to the 
different gems; in fact, the fear of the o})ars ill-luck 
is not unknown now. Reference must be made to 
some of the works on gems for further details.—W.U. 

PNdpltate (£7{em.) A solid formed by the 
addition to a solution of a gas, a liquid, a 
solid, or a solution. Thus, if the gas hydrogen 
chloride is passed into a strong solution of 
sodium chloride, the latter is precipitated from 
its solution; if the liquid alcohol be added to 
a solution of potassium chlorate in water, or 
ferrous sulphate in water, these salts are pre¬ 
cipitated ; if the solid zinc be added to a solution 
of copper sulphate, metallic copper is precipitated ; 
if a solution of potassium iodide be added to a 
solution of lead acetate, both in water, lead iodide 
is precipitated. It will be seen, therefore, that to 
cause a precipitate two courses may be followed ; 
(1) a change in the solvent may be effected so that 
the dissolved substance becomes less soluble; (2) a 
change in the dissolved substance may be effected so 
that a new substance is formed which is insoluble in 
the solvent used. 'J'be former course is a common 
expedient for purifying substances ; the latter course 
is one commonly adopted in quantitative and qualita¬ 
tive analysis. The completeness of a precipitation 
depends on the insolubility of a precipitate in the 
solvent, so that for quantitative analysis the pre. 
cipitate should l)e as insoluble as possible; while in 
qualitative analysis the precipitate need not be so 
insoluble, although the deliciicy of a test depends on 
the insolubility of a precipitate in many cases For 
example, when excess of a solution of tartaric acid 
is added to a solution of potassium nitrate, a white 
precipitate of cream of tartar is formed,and this is a 
respectable test for potassium when properly per¬ 
formed; but potassium is never estimated in this 
way bemuse the precipitate is too soluble in water. 

Qtjamtativb and Quantitativk Analysis. 

Precipitated Chalk. Calcium Compounds. 

Precipitation {Mfiteoml.) rreeijatation occurs 
when moist air is cooled below the dewpoint, 
the moisture taking the form of rain, snow, hail, 
dew or frost depending on the conditions under 
which condensation takes places and is maintained. 

Precipitate, Preeipitoso Hurriedly. 

Preciso, PrMisione, eon (_Mush). With precision. 

Prehiitorie Arohitectare. Mcgalithic structures 
are the most important examples of prehistoric 
architecture which have lasted till the present time. 
They consist of circles and avenues of large stones, 
either in the form of Mbnhirs (single upright stones) 
or Dolmens (pairs of vertical stones supporting 
lintels). The circles are known as Cbomlechs. 

Prennite An acid calcium aluminium 

orthosilicate, H,Ca^lj8LO„. Pseudo-Rhombic. Usu¬ 
ally in green or yeflowisn inammillatcd masses, with 
a radiating crystalline structure, rarely showing dis¬ 
tinct terminations to the crystals. It is found in 
some eruptive and metamorphic rocks. Boyleston, 
Old Kilpatrick, etc., near Glasgow; Edinburgh; 
Dauphin6; China, etc. 

Praliminary (^Typag .) This term is used to denote 
matter that precedes the main text of a work, e.g. 
title, preface, contents, list of illustrations, etc. 

Proller’s Leather, fke Cbown Lbathek. 

Preparing, Prepared {Laee Manufac.') Relates 
to yam tlmt is rolled or calendered. 

Pre-Raphaelite Brotherhood {P.B.B.) An asso¬ 
ciation of artists formed about 1848, and consisting 


at first of W. Holman Hnnt, D. U. Rossetti, and 
J. E. Millais. Subsequently there were assooiated 
with them T. Woolner, F. G. Stephens, and J. Collinson. 
The objects of the association were a closer study of 
nature, and to protest against certain academic 
dogmas. The Germ, the organ of the association, 
of which only four numbers were published, was 
issued in 1860. Its principle was “ to onforoe and 
encourage an entire adherence to the simplicity of 
nature.” This principle was to apply to poetry as 
well as painting. Ruskin described the methods of 
the association as an attempt “to paint things as 
they probably did look and happen, not as, by rules 
of art developed under Raphael, they might be 
supposed to gracefully, deliciously, or sublimely 
have happened.” The association continued until 
1854. 

PpCM. The literature of newspapers; collectively 
I the representatives of newspapers who attend 
I meetings for the pur|> 08 e of taking reports. 

j - {Bind.') The name given to several 

. appliances u.sed in bookbinding, e.g. arming, blocking, 
j lying, sewing, standing press, etc. (j.e.) 

I - {Eng., etc.) A general name for a machine, 

‘ worked eitiicr by hand or jicwer, adapted for many 
' purposes, e.g. crushing various substances ; forcing 
' a body to assume a more compact form; expressing 
oil, wine, etc.; impressing a design on metal or other 
1 substance; printing. See Typoobaphy, 

I Pressed Bricks (Build.) Bricks that hare been 
; pressed in a mould before baking. This renders 
them verj' dense. 

Pressed Glass. See Glass Makufactube. 

Presse Pate {Paper Manufac.) An apparatus for 
converting wet pulp into sheets in pnpermakiug. 

I Presser, Flatware {Pot.) A potter who makes 
! such fiat w are as plates, saucers, dishes, etc. 

Pressing {Lace Manufae.) A process that it is 
i necessary brass bobVnns should nnriergo after being 
filled with material, to restore them to a workable 
thickness. 

Pressing Block {Bind.) One of the wooden 
blocks uised to fill up a Standing I'bess (q-v.) when 
I there are not sufficient books for the purpose. 

Preuing Boards {I’rint.) Glazed boards used for 
j pressing printed sheets in order to give them a slight 
I glaze and remove the indentations caused by the 
I type. 

I Preuman {Print.) A term used in England to 
i distinguish the operator of a hand press from tl e 
: mitider of a printing machine. 

Presa Pin (/find.) A bar of iron used as a lever 
for o[)crating standing and lying presses. 

Press Proof {Print.) The final proof marked by 
j the author or publisher “ for press." 

I Press Revise {Typog.) Tlie first sheet printed at 
! preas or machine. The reader compares it with the 
I author’s press proof as a final cheok against errors 
and imperfections. 

Press Rolls {Paper Manufae.) Heavy iron rolls 
used for pressing the wet paper after leaving the 
(x>ach rolls. 

Pressure. A force exerted on an object (or quan¬ 
tity of material) and acting towards the object. The 
term pressure is often confined to forces which 
produce a Btbess {q.v.), but do not produce motion. 
Pressure is usually measured in units of force per 
unit area. 

- {Elect. Eng.) A term often used to 

denote POTENTIAL DlFFEBENOB or ELEOTBOMOTIVJU 
Fobok. 
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PreMoM, Bwometrie (Meteorol.) Atmospheric 
air exerts a pressure in all directions, and its amount 
varies according to its density. The air at sea level, 
weighed down by the air above it, exerts a pressure 
of nearly 16 lb. per square inch cf surface, against 
which it presses, and this pressure is measured by the 
barometer. 

Preunre Areas iMeteerol.') Areas over which 
relatively “ high pressure ” or “ low pressure ’’ prevails 
for either short or long intervals of time. 

Preuare For^inA (i%.) The shaping of wrought 
iron objects by means of dies actuated by a llY> 
OBAULIC Tb£SS {q.V.) 

Preaanre Gauge (-Eng.) An instrument for mca^- 
suring the pressure of a gas or liquid. The pressure 
of the fluid actuates the mechanism of the gauge in 
a great variety of ways; in one of the commonest 
types of steam gauge the pressure tends to straigliten 
out a bent tube, and the movement produced is com¬ 
municated to a pointer turning on an axis in the 
centre of a dial. 

Preuare Gradients (ifeteorol.) See Gbadient. 

Pressure of the Atmosphere. This is approxi¬ 
mately IT) lb. per square inch. Tlie Normal I’ressure 
used in ]>hy.sic.s and chemistry as a standard of refer¬ 
ence is equal to that exerted by a column of mercury 
7C cm. high, and is equal to about l,()i:{,;!00 dynes 
per square centimetre. It has been proposed to take 
a pressure of 1,000,000 dynes per square cm. (10* 
dynes) as a standard. 

Preu View, dt is customary before an exhi¬ 
bition, etc., is opened to the public to fix a day on 
which representatives of tlie lYess arc admitted 
to view the exhibits for the purpose of criticism. 

Preuwork (JVinf.) A term expressing the 
oitcraiiuns of printing at hand press. It includes 
layiiqf on the forme, dressing the tympan, making 
and cutting out the frisket, making ready, inking the 
forme, laying the sheet on the tympan, running the 
forme bc'neatli the platen, taking the impression, 
running out the forme, lifting the tympan, removing 
the printed sheet, etc. 

Prestissimo (Music). Very quick. 

Presto (Afueif). Quick. 

Preticelli Ware. Glass Manufactubg. 

Pricker {loundrg). A wire used for forming 
vents in the uiJper part of a mould to allow the 
escape of the ga.ses produced when the molten metal 
is poured in. 

- (^Mining). A rod used for forming the “ touch 

hole ” in blasting with powder. 

Prieklii|{ Up iJiuild.) The first coat of plu.stcr 
on a lathed partition or coiling. 

Prime (Music). First, chief, as prima volta, prime 
(abbreviated 1°), first time, used lefore a repeat, 
when on the repetition other music is to be substi • 
tuted for that portion marked 1“; ^rima dunna, chief 
operatic female singer. 

- (Print.) The piece of copy containing the 

first words of the next '• take ” or sheet. 

Primary (Geol.) A term employed by the older 
geologists a,s synonymous with what would now bo 
subdivided as the Deuterozoic (Carboniferous and 
Devonian), Protozoio (bilurian, Ordovician, and 
Cambrian), and Bosoic (or Pro-Cambrian) systems. 


Primary Aleohol (Chem.) See AlcohoIi. For 
examples of primary alcohols see also Mbthyl 
Alcohol and Pboptl Alcohol. 

Primary Amine (Chem.) See Amikbs. For the 
reactions of atypical primary amine see under Ethyl* 
AuiNES and Methylahine. 

Primary Bow (Meteorol.) See Raikbows. 

Primary Cells (Elect.) See Cells, Pbimaby. 

Primary Coll (Elect.) That coil of an induction 
coil, transformer, etc., through which flows the 
primary current, i,e. Uie original current, whoso 
fluctuations are to be utilised in order to induce 
another or secondary current in the secondary coil 
of the apparatus. 

Primary Coloure (Light). See Coloubs, 
Pbimaby. 

Primary Hydroearbou (Chem.) One which con¬ 
tains no carbon atom linked to more than two others. 
See under PABAFFINS. 

Prime. A number which contains no factors 
except itself and unity, e.g. 3, 5. 

- (Music). The generator. See Habmomics. 

- , Priming (Paint.) Covering a canvas or 

other paitiling surface with a layer of colour to form 
a ground. The first coat of paint on woodwork, 
generally composed of red lead, turpentine, and a 
little linseed oil. See Doosepaiktino. 

Prime Conduetor (Elect.) The positive conductor 
of a frictional or an electrostatic machine. 

Prime Vertical (Astniw.) The vertical circle at 
right angles to the meridian, ij-. which passes 
tlirough the east and west points of the horizon. 

Priming (Dee.) The first coat of paint given to 
a wood, cement, or other surface to form a foundation 
for tlie subsequent coats. It is important that it tc 
mixed thin; that is, with sufficient oil to penetrate 
well Into the wood, etc., but not wholly so. The 
most common priming used is a mixtnrc of white 
lead and red lead in the proportion of about 1 oz. 
of the latter to 1 lb. of the former. Yellow ochre 
mixed with white lead is often employed, but it is 
important tliat tlie ochre bo very finely ground, in 
order lliat it may pimctrate the pores of the wood 
and form a key for the subsequent coats of paint. 
An imperfect priming is often the cause of subse¬ 
quent blistering of the paint. Puttying is executed 
after the priming co.at, to fill up all the cracks and 
bring all inequalities to a level surface. If the putty 
is applied to the raw wood or cement, it would 
extract the oil from the putty and cause it to drop 
out when drj'. It is imixirtant when giving the 
pi'imiug coat to see that the brush reaches every 
part of the surface, into all the cracks, etc. It is 
also important that the work should be free from 
moisture when, the priming coat is applied. See 
Pbimk. 

- (Eng.) The technical name for frothing 

or foaming iu u steam boiler. In violent ebullition 
the bubbles of .sf.cam rise so rapidly that particles 
of water are spraj ed up into the steam space and 
su.spended niechanically. The risk of this priming 
being oarrieil off iu the steam pipe is serious, as it 
disarranges the engine valves and is liable to knock 
out the cylinder heads. Hence the importance of 
dry steam, which commercially is held to be snob 
when containing less than 2^ per cent, of moisture. 
The principal causes of priming, among others, are 
greasy and dirty water; the injudidlous use of caustic 
and other “softeners” in the boiler; insufficient 
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eteam cspace; too large a steam pipe; deficient water 
surface area ; forced Mng; and faulty design. The 
last named is a more common cause than contracted 
steam space. As remedial measures the following 
may be noted : (1) Clean water and passing the 
condenser feed through an oil sej^ator. (2) Keeping 
as great a water surface as possible, a vital feature 
being to ensure the water surface covering at least 
half the area of each space left for down currents. 
(3) The use of an anti-priming or dry pipe for 
collecting steam. (4) The area of the steam pipe 
to be in proportion to the capacity of the boiler. 
(5) Emulating the water surface so that the steam 
shall not rise at the rate of more that 2*5 ft. per 
second; that is to say, the minimum water disengaging 
surface, in square feet, may be aacertaineii by 
dividing the number of cubic feet of steam generated 
per second by 2*5. (6) Attention to the design of 
boilers in relation to the foregoing. To rciuctly 
existing faulty design, baffle plates may be fixed 
inside the boiler or the steam pipe area reduced. 
Though the lowering of the initial pressure may 
reduce the efficiency of the engine, it is often a 
lesser evil than that of priming or installing a new 
boiler.—C. H. N. 

Priming of the Tides (Attron.) At the time of 
spring tides the interval lietween the corresponding 
tides of successive days i8les.s tlian the averse, and 
then the tides are said to be “ prime.” 

Priming YalTO (i^y.) A valve fitted to cylinders 
in steam engines to afford a vent for water carried in 
by rBUIINO (q.v.) 

Prime i3iu»w'). The treble part of a dnet, the 
other part being the tteotmdo. Sec aUo Tbiua. 

Primrose Chrome {Dee.) The lightest grade of 
chrome yellow, sometimes called lemon chrome, 
although this is strictly a slightly deeper colour. 

Primnline. See Dtes and Dyeing. 

Principal (DuUd.) A I^incipal Eafteb (^.p.) 

- {Music). (1) An open metal stop on organ.s 

(see Obgan, p. 441). This stop is of 4 ft. pitch 
on the manuals and of 8 ft. on the {>edals, and it is 
in the Great Organ Principal that tlie tuner lays the 
original bearings from middle C to the octave above. 
(2) Subject, the chief theme of a movement. 

Prindpal Feom {Light). Parallel rays of light, 
after falling upon a mirror or lens, converge to, or 
appear to diverge from, a point on the axis; this 
point is termed the Pbikcppad Foctrs. 

Principal Plane of a Crystal {Phys.) A plane 
drawn so as to contain the Optic Axis of a crystal. 
If the plane be drawn at right angles to a face of the 
crystal, it is termed the Principal Plane of that face. 

Principal Planes of a Lens {Light). A pair of 
planes drawn through the Puxncipal Points {q.v.) 
at right angles to the axis of the lens. 

Principal Points of a Leas {Light). These are 
two points so situated with rega^ to a lens that a 
ray travelling towards one of them will emerge, 
after passing through the lens, as if it came hrom 
the other, but paraUel to its ori;^nal direction. These 

E >intB are also termed Optical Ceatbes and 
QUIVALENT POINTS. 

Principal Rafters {Build.) The rafters of a truss, 
the timbers on which the pnrlina rest. See also 
Boof& 


Print. A general term for an impression taken from 
engraved plates, types, etc. See also Photogbaphy. 

- {Pattern Making, etc.) A projection on a 

pattern. This forms a recess in the mould into which 
the end of a Cobe {q.v.) is fitted to hold it in place. 

Printer’s Devil. A term applied to the junior 
apprentice in a printing works. 

Printer’s Ream. Twenty-one and a half quires of 
25 sheets, or 516 sheets in all, to allow, after making 
ready and spoilage, of a product of at least 508 good 
copies. 

Printing Frame (Photo.) A wooden frame which 
holds a negative closely in contact with the printing 
paper during the process of PkintinO (q.v.) When 
paper or film negatives are used the printing frame 
is fittcil with a glass front. 

Printing Ink. See Inks. 

Printing Telegraph {Elect. Evg.) An instrument 
which prints the message on a strip of paper either 
in the Morse alphabet {q.v.) or, in certain cases, in 
ordinary type. 

Priory. A religious house, e.g. a monastery or 
convent, presidetl over by a prior or prioress; they 
rank respectively next to an abbot and abbess. 

Prising {Eng., etc.) Moving an object by means 
of a lever or crowbar. Forcing open by leverage, 
e.g. a door or box. 

Prism. A solid whose sides are parallelograms, 
and whose ends are equal polygons, lying in parallel 
planes. Prisms are described by the form of the 
base (or cross section), e.g. as triangular, square 
based, etc. 

- {Phys.) The term is applied, especially in 

physics, to a portion of refracting naiterial in the 
form of a prism, usually of triangular cross section. 
ItoTTLE Prisus are glass vessels of triangular cross 
section with accurately plane sides, for containing 
a refracting liquid. &e also Ebectinu I’BlBM, 
brEUTBOSCOPB, etc. 

Priamatie Camera {Astron.) A camera used for 
spectroscopic purposes when the prism or grating is 
plac^ in front of the object glass. 

Priamatie Compaes. A form of compass used in 
surveying. It is provided with a sight and refiecting 
prism so arranged that wliilo an object is viewed 
through the sight, the bearing of the line to it may 
be simaltaneously read by means of the reflection of 
the graduated scale in the prism. 

Private View. The privilege of viewing pictures, 
etc., granted to exhibitors, their friends, and others, 
prior to the admission of the public. 

Procew. See under Photo Engbavino. 

—— {Biol.) A portion of some cell, organ, or 
other structure which forms a projection; e.g. many 
bones have processes, which serve as points of 
attachment for mnscles, ligaments, etc. 

- {Mining). A Cornish term for the per¬ 
centage of metal in a given ore. 

ProehOBS {Archteol.) A small pitch^-shaped 
vase somewhat resembling the OBnocbce. Used by 
the Greeks for pouring water over the hands before 
meals. 

Prodneer ( Eng.) A form of cupola furnace need 
for making Pboducbb Gas (^.v.) 

Prodnoer 6ai {Eng.) A mixture consisting 
essentially of hydrogen, oxidesof carbon (00and 00^, 
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oitrogeu, etc., formed by blowing air through red- 
hot coke, coarse coal, or other carbonaceous fuel. 
There are many modifications of the process. The 
^neral result is a gaseous fuel of little or no 
illuminating power but considerable calorific value, 
suitable for use in' furnaces of nearly all kinds, and 
also for driving gas engines. 

Prodhieti of Combustion. The results of the com¬ 
bustion of ordinary fuel are carbon dioxide, CO,; 
water vapour, H*0; carbon monoxide, CO, etc. If 
the gases from a furnace are rich in CO, they can be 
utilised further as fuel. 

Profile. The outline or contour of anything, 
especially the human face as seen- sideways; also 
the outline of a building, projection of a moulding, 
piece of country, etc., shown by section. 

- A mould made of fired jjottery and 

used by the plate or saucer maker to form the foot of 
the piece. 

ProfiressioB. A series or succession of quantities 
each one bearing a definite relation to those which 
precede and follow it, e.ff. a common difference in 
Abithmetical I’BOGRESSiOK, or a common ratio in 
Gbohetbical I'BoaRBssiON. Thus 1, 5, 9, 13 arc 
numbers in arithmetical progression, and 1, 5, 25, 
125 ai-e in geometrical progression. 

Projection. A method of depicting an object on 
a plane surface by the use of straight lines called 
projectors. It can bo orthographic projection or 
perspective projection. In the latter case the 
visual rays are the projectors. If a straight line be 
drawn from a point at right angles to a plane, its 
intersection with the plane is the Okthogkaphic 
Pbojection of the point; also, if a straight line be 
drawn from a point to the eye of the spectator, it 
cuts the plane of the picture at a point which is the 
Pebspectivb Pbojection of the original point. 

Projection Lent. A lens or combination of lenses 
used for tlie formation of an image upon a screen. 
Ser T.ANTSRN OBJECTIVE. 

Promlnencet (Attron.^ Incandescent clouds, 
varying in size and form, round the limb of the sun. 
They are projections from the chromosphere, and 
attain enormous dimensions. They can be seen or 
photographed any time when the sun shines. 

Pronnot (Architect.) See Ckel. 

Prong Chock. A forked chuck used to give 
rotation to a piece of wood mounted between the 
centres of a lat he. 

Prony Brake Dtnamombtebs, 

Mbcuakical. 


Proof (-Sayrnp., etc.) An impression taken from 
an engraved plate, lithographic stone, etc., to prove 
the condition and progress of the engraving, etc., 
daring its execution; one of a limited numl^r of 
impresrions taken before the title, etc., is added to 
the plate or stone, and known as a Proof iHPKieisioM, 
Fibbt Proof, or I’boof bbfobe Lettebs. See 
Fibbi Proof. 


—— (Typog.) Preliminary impression of typo 
matter either in slip, page, or sheet form. 

-, Artltft’l (Bngrar., etc.) A proof of an 

engraving, etc., signed by the artist. The signature 
of the artist is a guarantee of the satisfkctory con¬ 
dition of the plate. 

Lettered (Engrav., etc.) A proof of an 
engraving, etc., that bears in the mai^in the title, 
etc. See under Proof 


Proof, Remarque tic.) A proof of an 

engraving, etc., signed by the artist, and bearing in 
addition a smali design, sketch, or other distinguishing 
mark placed on the maigin of the engraving. 

Proof Bar(ilfcf.) A bar of steel which can be 
withdrawn from a cementittion furnace to show the 
progress of the operation of Cementation (y.v.) 

Proof OorreetloBB (Pypog.) The method of mark¬ 
ing errors or emendations in proofs is practically 
uniform in all printing offices, and the same method 
is usually adopted by writers. On the next page will 
be found an example of a corrected proof containing 
a number of the more common mistakes, and the 
marks by which the printer is able to rectify them. 

Proof Load (Eng.) A load greater than that which 
a structure has to bear when in use, applied to test 
the strength, deflection, or deformation, etc., of the 
structure. 

Proof Plane (Elect.) A small metal disc fixed to 
an insulated handle, used for transferring small 
charges of electricity from charged conductors. 

Proof Reader (Pgpog.) See Bbadeb. 

Proof Spirit (Chem.) A mixture of alcohol (ethyl 
alcohol) and water defined by Act 68, George IIL, as 
“ being such as shall at a temperature of 51° F. weigh 
exactly ^|th j»rt of an equal measure of distill^ 
water ” (51° F. ■» 10'5° C.) It contains #9'24 per cent, 
by weight of alcohol, or 57'09 per cent, by volume of 
alcohol. The duty on all alcoholic liquors is chatged 
.according to the amount of proof spirit they contain, 
11j. per gallon of proof spirit. Liquors containing 
more alcohol than proof spirit are called overproof, 
and those containing less are called underproof. If 
an alcoholic liquor is described as 10° overproof, it 
means that 100 parts by volume would give by dila¬ 
tion with water 110 parts by volume of proof spirit. 
If the liquor is described a.s lt>° underproof, it means 
that 100 parts by volume of the liquor contain 
(100-10) = 90 parts by volume of proof spirit. 

Proof StreSB (Eng.) The greatest stress to which 
a substance can be subjected without exceeding the 
Elastic Limit (y.r.) 

Propane (Chem.) CH,.0Hj.CH,. A paraffin 
hydrocarbon. Se^i 1*abaffins. 

Propeller (Eng.) See Scbew Pbopelleb. 

Proper (Her.) The tincture of a charge is very 
frequently its own natural colouring; it is then 
blazoned “proper.” 

Proper Motion (Astron.) After allowing for all 
the common motions of stars, it is found that they 
really change their position with reference to each 
other, each liaving a particular or proper motion of 
its own. 

Propionic Acid ( CJtem.) CH,. CH,. COOH. A 
colourless liquid. Braclls like acetic and butyric 
acids; boils at 140°; soluble in water; insoluble in 
a solution of calcium chloride. Boiled with bromine 
it yields a-brompropionio acid, CH,. CHBr. COOH. 
It occurs in small amount in many different fer¬ 
mentations of sugars, such as glucose and milk 
sugar. It is best prepared by the hydrolysis of its 
nitrile—propionitrilo or ethyl cyanide—^by boiling 
witii a dilute acid or with a solution of caustic 
potash. The nitrile is obtained by heating ethyl 
iodide and potassium cyanide at 18<F in a seaM 
tube, and distilling the addition product so formed. 
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»THB CSNBOB OF THB AaE.”^ ^ 

a gmt (hinkeiy'^f^i^ aad 
7 histOTuSr was 6bm at Sodefeohaa, io Dnmfriaadiire, 
in tha year 1796. 'He was educated at the bniBh 
.school of Annan, and afterwards at the T7nivexBity 
/ of Bdinbnigh. Classics and the hiSnei mathematics 
' wlere his favourite studies; aad Fe was more esp^ 

/ daily fond of astronomy. He was a t^her tor 
some years after leaving the University. For a few 
,,year8 after this he was emged in minor liter^ 
t^ork; aad translfiing horn the German oocnpied 
/a large portion or his time. I n 1826 h e married 
Jane Welsh, a woman of 


abilities Onferioi^ oni^to his 
work wu Hartor Sgsartus 


own. Bis first original 

The Tailor Sepatched ”), which appeared in 1834, 

I and excited e. great deal of attention. Perhap^ 
' hiumost remsrlmble book is The French Revolution .C 
lnu865 he completed the hardest piece of work be^ 
however undertaken, his Hutory of Ft-ederiek II. 
^^One of the crowning externa^honours of CASLZItSlSL 


life was his appointment as Lord Rector of the UnU 
versity o f Edinburg h in 1866; but at the very time 
/that ire was deUveri ng his ramous and~ remarkable 
^ Installation Address', his wife lay dying In London.^ 
/OThis stroke brought temble sorrow on the ol<^ 

3 be never ceased to 2<>um for his loss, find ^ 
the virtues and the Unties of character in hi^ 
rifel |be light of his life,” he skid, “ was quite 

^_at ”; and be wrote very little after her death. 

Carlyle was an author by profession, a to mher of 
' and prophet to his co\mtrymen by hismi^on. and, 
a student of history b]^ie deep inters he took in 
I (he life of ojan. He Wra always more oflsat severe 
in his judgments—he has been calledy^be Censor 
of the Age "—because of the high ideal which be set 
up forJlilKown conduct and the conduct of others. 
He shows in his historic writings a splendour of 
imagery and^^wer^of tdramatictgrouping Lseeond 
J^nly to Shakesj^r^ In command of words be is 
'second to no ethe r modem English writer. 

n 


'•THE censor of THE AGE.” 

Tboxas Cablylb. a great thinker, essayist, and 
historian, was born at i^lefechan, in Dumfriesshire, 
in the year 1795. He was educated at the burgh 
school of Annan, and afterwards at the University 
of Edinburgh. Glassies and the higher mathematics 
were his favourite studies; and he was more e4M- 
ciaUy fond of astronomy. He was a teacher m 
some years after leaving the University. For a few 
years'after this he was engaged iif minor literary 
work; an'^ translating from the German oconpieo 
a large portion of his time. In 1826 he married 
Jane Welsh, a woman of abilities only inferior to his 
own. His first original work was Setrtor Setartut 
(“ The Tailor Bepatched ”), which appeued in 1884, 
And excited a great deal of attention. ' Perhaps his 
most remarkable book is The FrenokJSeoalutioK. In 
1865 he completed the hardest piece of work he had 
ever undertaken, his Jlittory of Frederwk IT. 

One of the crowning external honours of Carlyle’s 
Hfe was bis appointment as Lord Rector of the Uni¬ 
versity of Edinburgh in 1866; but at the very time 
that he was delivering his'famous and remarkable 
Installation Address, his wife lay dying in London. 
This stroke brought terrible sorrow on the old man 
he never ceased to mourn for his loss, .and to recall 
the virtues and the beauties of character in his dead 
wife. “The light of his life,” he said, “was quite 
gone out"; and he wrote very little alter her death. 

Carlyle was an author by profession, a teacher of 
'and prophet to his countrymen by his mis.vion, and 
a student of history by the deep interest he took in 
the life of man. He was always more or less severe 
in his judgments—he has been called •• Tlio Censor 
of the Age"—because of the high ideal which be set 
up for his own conduct aad the conduct o! others. 
He shows in his historic writirigs a splendour of 
imagery and a power of dramatic grouping second 
only to Shakespeare’s. In com^umd of words be is 
I second to no modem English Wmer 


Explakatiox op the Cobeections. 


1. The line should not Im* “indented” (srr 12) in this 

case, the reason being that tlic first words of 
the paragraph are altered to capitals and 
small capitals. 

2. t/licn it is required to alter words from lower¬ 

case letters to capitals, three lines are jilaoml 
beneath them; to small capitals, two lines: 
and to italics, one line. 

3. Kubstitute a <»nin:.a for a full-}Mnnt. 

4. Tlie letter “ g” is upside down. 

6. The letter “h” is to be taken out, or “deleted.” 

6, A “ hyphen ’’ is omitted. In all cases of omission 

a caret (a) is marked in the place, and the 
character written in the margin, except in the 
case of long sentences being left out, when 
the words “ Out—see copy "arc written instead. 

7. Flulaititute capital U for lower-easc letter. SeeZ. 
H. The letter “g” is to be inserted. See 6. 

9. w./. (wrong fount) indicates that the letter 
marked lielongs to another fount of type. 

10. trs. signifies the transposition of letters or words. 

11. Underlined for italics. See 2. 

12. JV./*., or nem par., commence a new i«ragraph by 

indenting the line one em. 

13. As in the case of roman being marked to italic, 

the words required to be in roman arc under¬ 
lined once, and rotrt. (roman) is written in the 
margin. 


14 . See 13 . 

l.'J. 'J'he matte r lias some foreign substance between 
the lines, causing them to appiair crooked. 
Lines are wiitten above and bc;low tlie words 
not in alignment. 

16. The paragraph should not have been broken 

here, but should “run c.n,’’ these words being 
placed in the maigin. 

17. The letter is face downwards. 

15. Substitute a full-point for the semicolon, and 

commence a new sentence, 
in. A sjMic’c to be put in between the two words, to 
separate them. 

20. Tb.e letters in the word are too far apart, and 

should be closed up. 

21. A siiacc is standing U[i. 

22. A Imttered letter. 

23. When inverted commas or superior letters are 

to bo inserted, they are usually written above 
the sign shown in the margin. 

24. The reader has mistakenly crossed ont the 

wonl. To inclicnte that it must lx> retained, 
dots are placsed beneath it, and the Latin 
word ftet flet it stand) is ivritten in the 
matgin. 

26. The Hjiaees between the words are not equal 

26. Apostrophe to be inserted. See 23. 

27. Delete the word “ other " 
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Pnmertioil. Proportion ia the equality of ratios. 
Thus four quantitlcB, a, h, e, d, are in proportion if 


^ s&s 

b J 

Proportional Arms (Meat.) See Whbatstone’s 
B niDGE. 

Proportional Compaaoes. A pair of compasse-s 
consisting of two bars each pointed at both ends, and 
provided with a common fulcrum which can be 
placed at any i-equii-ed position along the bars. 
With the fulcrum fixed in any position there is a 
definite ratio between the extent to which the ends 
open out, and this ratio is kept constant while the 
instrument is being used for copying any drawing on 
a different scale from the original. 

Propnlaloa System of Ventilation. By thi.s 
method of ventilation fresh air i.s driven inechanically, 
by means of bellows, pump.s, or fans, into the building. 

Propyl ( Chem.) A name given to the residue re¬ 
maining when one hydrosren atom is removed from 
propane. As this can be done in two ways, there is: 
(1) The normal propyl group obtained by removing 
one atom of hydrogen Irom either of the terminal 
CJirbon atoms of propane. (2) The isopropyl group 
obtained by removing one atom of hydrogen from 
the middle carbon atom of pr<ij>ane. 

CHj. Cn.^. (.'llj, normal propyl. 

CTlj. C!II. t'H,, isojiropyl. 


Exs.: Oonine (j'.r.) is o-propylpiperidine. Cym. nc 
(tj.v.) is paramethylisoproiiylbenzenc. 

Propylaa (Architect.) A monumunt:d gateway in 
front of a building or group of buildings. The pro- 
pylaea of the Acroiiolis at Athens is a flue example. 

Propyl Alcohols (Chem.) (1) Normal propyl 
alcohol, CH,(Jll.j('ll jOII, is a colourless liquid, ymells 
like onlinary alcohol; boils at 1)7°; soluble in water; 
insoluble in sflong calcium chloride solution. 
Chemically its behaviour is like that of ethyl alcohol. 
It is one of the constituents of fusil oil, and can bo 
prepared from some kinds of fusil oil by fractional 
distillation. It also occurs in small quantities in 
various fermentations of cane and grape sugar. 
Artificially it can be made by the reduction of the 
anhydride of ]'ropionic acid by sodium amalgam. 
(2) Isoprttpyl alcohol, CH,. CHOH. CH,, is a colourless 
liquid. Alcoholic smell; boils at 83°; soluble in 
water, and forms various hydrates with it. Thu 
hydrate 2C,H.O. HyO has a constant boiling iioint at 
80^. On oxidation it yields acetone. It may be 
obtained by re<lnction of acetone with sodium 
amalgam. See KETOtrsB. It is also prepared by 
Ixtiling isopropyl iodide with water and a weak 
alkali, such as lead hydroxide. The i.sopropyl iodide 
may be obtained from glycerine by «listilljng it with 
amorphous pliosphorus and an excess of fuming 
hydriodic acid. Normal propyl alcohol can bo con¬ 
verted into isopropyl alcohol by heating it with 
concentrated sulphuric acid to form propylene, 
uniting the latter to concentrated sulphuric acid and 
distilling the product with water * 


CH, 

Ah, - 
in,OH 


CH, 

CH, 

CH. 

1 

CH 

(ill.lIKO 

CHOH 

y 

1 

1 

CH, 

CH, 

CH. 


Proioeniom. The part of a modern theatre stage 
that lies between the curtain or drop scene and the 


orchestra; the curtain and the frame from which it 
hangs. In an ancient theatre the proscenium com* 
prised the whole of what is now known as the stage, 
but it was merely a narrow raised platform, with a 
scene at the back. The actors stood at the front. 

PPMtylaP or Prostyle (AroAUeet.) A temple 
having a columnar porch at one end only. See AntA 
and Ahphipuostvle. 

Protamines ( Chem.) The simplest pruteids. They 
arc found unitetl with nuclein in the heads of 
the s[>ermatozoa of a number of fish, e.g. salmon, 
sturgeon, herring, mackerel, and others, and they are 
named after the fish from w'hich they are obtained. 
The protamines from the fishes mentioned are 

called respectively salmine, sturine, clupeine, scom- 
brino (T^tin names). The free protamines are 
difficult to prepare in pure condition, and arc 
usually obtained as sulphates. The formulae of the 
foul' protamines mentioned arc approximately : 

Sturine .... C„IIj,N,y 09 

Scombrinc.... C*,!!,, 

Clnpcinc . 

Sqlmine .... C'',gnj 7 N, 70 ,. 

They arc white solids; not coagulated by heat; 
their solutions arc precipitated by ammonium 

sidphatc and by common salt; they are fairly strong 
bases; their sulphates are soluble in water,- in¬ 
soluble in alcohol, and are precipitated by picric 
acid. They give the biuret reaction, and are pre- 
cipitatt'd by the alkaloid reagents (q.v.) They are 
hydrolysed by trypsin, but not by ^psin. Dilute 
acids als-; hydrolyse them. The first products of 
liydrolysis are called I’iiotonbs, and are the peptones 
of the protamines. Further hydrolysis resolves 
them into the Hexonc bases, arginine, histidine, 
lysine, of which arginine is much tlie more frequent 
and abundant (84 per cent, in the case of salmine): 

Arginine guanidine-a-amiuo-ialeiianic acid, 

NH, 

UN = C. Nil. CH,. CH,. CH„. CHNH,. COOH 

Histidine = C„Hj,N,0„ of unknown constitution. 

Lysine =: a, c-diaminocaproic acid = CHNH,CH,. 
CH,. CH,. CHNH,. coon. 

Proteids (Chem.) A general term used to include 
a large number of substances which form the most 
imporiant constituents of the bodies of plants and 
animals. These substances are composed of carbon, 
hydrogen, nitrogen, oxygen, sulphur, and phosphorus, 
the first four being always present, the last two not 
always. The constitution is unknown in every case, 
and only in the case of the simplest members is oven 
the formula approximately known. They are called 
by one general name because of the mode of their 
occurrence, their optical activity (all Isevo-rotatory), 
the general similarity of their decomposition pro¬ 
ducts, their colloidal character (although many of 
them can be ci-ystallised, they arc nevertheless 
colloids), their colour reactions. The proteids may 
be divided into the following classes: (1) Simple 
proteids, such as the albumins (y.'.’.), globulins (g.u.), 
casein (g.P.) (2) Compound proteids, such as hsemo- 
globin (g.p.); the nnclco-proteids, which are com¬ 
pounds of simple proteids with a substance (or 
substances) called nuclein, which forms the chief 
constituent of cell nuclei and yields nucleic acids 
(g.v.) on decomposition. (3) Albuminoids, such as 
gelatine (g.v.) and elastin. (4) Protamines (g.r.) 
Among the products of by^olysis cf juroteids. 
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whether the hydrolysis is effected by acids, alkalis, 
or enzymes, may bo mentioned glycocoll (q.v."), 
alanine iq.t.), leucine aspartic acid (g.*.), 

f lutaminic acid (g.v.), tyrosine (g.v.), arginine, histi- 
ine, lysine {tee vnder Fbotahihes for those three), 
and other products. See Hjeuoolobik. 


Preterazele System {Oeot.) 


Protocateehnic Acid {Chem.') 

COOH 

C 


HC 

HC 


0 “ 


C.OH 


C.OH 


Pale yellow needles, containing one molecule water 
of crystallisation; the anhydrous acid molts at 199°, 
and loses carbon dioxide, forming pyrocatechol 
(y.r.) Soluble in water, alcohol, ether. Ferric 
chloride gives a green colour to its solution, turn¬ 
ing blno, then red on addition of alkali; reduces 
ammoniacal silver. On treating it with halogen 
alkyls and alkylens and caustic potash, .it yields 
ethers ; e.g. methyl iodide yields vanillic and veratric 
acids, 

C,U,(OCH^. on. COOH and C,H,(OCH^„COOH. 

« 4 1 

Uethylene iodide yields piperonylic acid, 

/ COOH 




cn. 


P. eerasut, the cherry; P. amygdaiut, the almond; 
P. pertiea, the peach; P. domettiea, the plum; 
P. armeniaea, the apricot. 

Praatian Bine {Chem.) When ferric chloride is 
added to an excess of a solution of potassium 
ferrooyanide, a blue precipitate is formed which is 
completely soluble in much water, giving a blue 
solution, but insoluble in salt solutions, lliis sub¬ 
stance is called soluble Prussian blue; it is potassium 

ferricferrocyanide,K.Pe. Fe(CN), j-. When potas¬ 
sium ferrocyanidc.is'added to ferric chloride solution, 
a mixture of soluble and insoluble Prussian blue is 
formed, and if the precipitate is heated with ferric 
chloride all the former com{)ound is converted into 
the latter, and ferric ferrocyanide or insoluble 

Prussian blue, Fe<| Fe(CN)g is obtained. It con¬ 
tains water, which cannot be expelled without 
decomposition. It is a blue solid with coppery 
lustre ; soluble in ammonium tartrate, giving a violet 
solution, and in oxalic acid, giving a blue solution. 

It is decomposed by caustic potash : Fe,-^ Pe(CN), j-, 

+ 12KOH = 3K,Fe(CN)g + 4Fe(OH),. See ahe 
Mebcuby Compounds. Commercial Prussian blue 
is a mixture of soluble and insoluble Prussian blue 
and Turnbull's blue obtained by adding ferrous 

sulphate to potassium ferrocyanide, and oxidising the 
precipitate with chlorine water or bleaching jiowder, 
then treating it wdth hydrochloric acid to remove 
ferric hydroxide. It is used as a paint. 


See PiPBBONAL. It is formed on fusing certain 
resins with caustic potash, such as asafoetida, catc- 
chin, kino; and in the same way from pi^jeric acid. 
See PiPBBiNB. It is also formed by heating pyro¬ 
catechol {q.v.) with ammonium carbonate at 140°. 

Protoplasm {Biol.} The essential living substance 
of anim^ and plant organisms. It is of a viscous 
consistency and semitransparent. It is an unstable 
complex command of carbon, hydrogen, oxygen, 
nitrogen, snlimur, and perhaps phosphorus. 

Protoxoie {Geol.} One of the four great divisions 
into which the whole of the Sedimentary llocks have 
been divided. The oldest during which life first came 
into being upon the Earth is the Eozoic. Next to this, 
when the earliest forms of life yet known prevailed, 
is the one under notice ; following that comes 
the Deuterozoio or second type; and finally appear 
the forms of life which are more or less closely 
related to those of the present day, which is called 
the Neozoic. It liegins with the Dyas or Lower New 
Red. This classification is based upon the general 
facies of the Life of the Past at different periods 
in the Earth’s history. 

Protnuitor. A divided scale used for marking 
angles on paper. It may be straight, circular, 
semicircular, etc. 

Protnberanoet ( Astrm .) See Pbominsnces. 

Proustlte {Min.) Silver sulpharsenite, 
3Ag/<. Aa,H,. Silver=65‘4, su]pfaur=19-4, arsenic= 
16‘2 per cent. Itbombohedral and hemimorpbic, 
occurring in deep red crystals with a submctallic 
lustre. Chiefly from the Harz Mountain mines. It 
is also called Ruby Bilvbb. See Pybaboybite. 

Pfobu (Botany). An important genus of the 
Moeaeea, The following are the chief species: 


- (Bee.) Is one of tlie most important and 

one of tlic cheapest blues used by tbc house painter. 
It is made by adding ferrous sulphate to a solu¬ 
tion of potassium ferrocyanide. The blue works 
well both in oil and water. In the lump it i>osaesses, 
if of good quality, a certain unmistakable copper-like 
hue. It cannot be used with lime, is not quite per¬ 
manent when cx{K>scd to light, but sufficiently so 
for all ordinary purposes. Chinese blue is high 
quality of the same pigment; lirunswidk blue, a 
mixture of Prussian blue and barytes. 

PrussisA Browo (Bee.) A pigment very similar in 
colour to nmlier, and made by partially carbonising 
Prussian blue. It is now very' little used. 

Prnssiate Bath. The solution of yellow prnssialo 
of pota«h or potassium ferrocyanide used in the Blub 
Pbocess for copying. 

Prnssle Acid {Chem.} See Hydbocyanio Acid. 

Psaltery {Archaol.} A mediicval musical instru¬ 
ment consisting of thirteen strings and a sounding 
board. The strings were played by plucking them. 

Psamndte {Qeol.} A word long in use on the 
Continent to denote any kinds of rock which consist 
essentially of sand, whether coarse or floe, and now 
coming into use in Britain in the adjective form 
Psommitic to convey the same idea. 

Pseado Acids and Bases {Chem.} A pseudo acid 
is a substance which does not by itself show acid 
properties, but which on solution in a suitable 
solvent undergoes electrolytic dissociation at a 
measurable rate into acid ions. The original sub¬ 
stance and its ions have not the same constitution, 
for during the resolution into ions isomerisation has 
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occurred. This phenomenoa is called ionisatioo 
isomerism. An example o£ a pseudo acid is nitro* 
form. flC(NO,V 



Psendo Acid. CooBtltiAion of Salt. 

nyiKitbetieal Acid 
wtiicn yislda th« loiu. 


The pseudo acid is a colourless crystalline solid 
which melts at 15°; in non-ionising solvents (ben¬ 
zene, chloroform, dry ether) it gives colourless 
solutions, hut in presence of water the solution turns 
yellow, and its conductivity shows it to be a very 
strong acid. Other examples of pseudo acids are the 
acid amides 

B.CO.NH, -> K.C:NH 
OH 

,Actd from which Salts are derived.) 
the nitro- and isonitjio-compounds (^gee Nitbo 
Compounds), the keto-enol compounds (»ee Ethyl 
Acetoacetate). Pseudo acids are distinguished in 
several ways; thus their aqueous solutions neutralise 
a base gradually, that is as the pseudo acid iso- 
merises; also they have an abnormally great tempera¬ 
ture coeliicient of conductivity and an abnormally 
great variation of dissociation with variation of tem¬ 
perature. They do nut form sqlts with dry ammonia 
in a non-dissociating solvent, but they do so in 
presence of water. Pseudo bases are substances 
which in themselves are electrically indifferent, but 
are isomeric with ammonium hydroxides, and can 
pass into these, forming ammonium salts. Examples 
are the ammonium hydroxides of the acridine and 
quinoline series and a number of colour bases; e.g. 
when caustic soda is added to the hydrochloride of 
hexamethylpararosaniline, a strongly dissociated 
alkaline hydroxide is formed which gradually 
isomerises to the oarbinol form. 


/C.n,N(CIl,), 

\,C,n«:N(C'Il,),01I 


no.c ^ 

\CoH,NCCH,),. 


Paendo-Dipteral (Arehiteet.) A temple having 
only one range of columns at each side, but the 
distance of these columns from the side walls is 
the same as if there had been two ranges. See 
Diptbbal. 


PModoiiatin ( Chem.) See ISATIN. 

Psandomorphism ) The assumption by one 
mineral of the form of another. It may occur by the 
pseudomorphous mineral coating the original, or by 
the oneinfiltratiugacast left by the other onits decom¬ 
position, or by a gradual replacement of one mineral 
by another, or, lastly, by some cl)cmi<»l change 
occurring in the original mineral without change of 
form. 


Paando-Pariptaral (ArehUeof.) A temple some¬ 
what resembling a peripteral temple, but attached 
columns are used on one side or more instead of a 
aeries of detached columns. See 1'ebipteual. 

Psilomelane (,Min.) Hydrous manganese man- 

S mate, H^MnO^: not crystallised; occurs in mawmil- 
ted masses of black colour. It coutains 70 to 60 
per cent, of the oxides of manganese, and nearly 
always some barium. It is often associated with 
other manganese ores, and may occur iii any of their 
localities. 

Piychronrattf (^JWeteorol.') An instrument for 
determining the restive humidity of the atmosphere 


by the temperature of evaporatiem. It oonidsta of 
two similar thermometers, the bulb of one being 
covered by thin masUn connected to a wick dipping 
into water. 

Pt ^Client.) The symbol for Pi^atinum (q.v.) 

Pfeera (Architect.) The ranges of columns sur¬ 
rounding a Grecian temple. See Pebistylium. 

Pteroma (Architect.) Spaces between the side 
walls or pteromata of a temple and the range of 
columns surrounding it. 

Pteromata (AroMteot.) The side walls of a 
Grecian temple. See Pteboma and Pteba. 

Ptomidnes (Chem.) A name given by Selmi to 
substances obtained from corpses wMch have basic 
properties show the general reactions of the plant 
alkaloids, bnt arc not identical with any of these, 
and some of which are poisonous. A knowledge of 
their properties and the methods of Isolating them 
is veiy important in some cases of poisoning, as 
cases have arisen in which persons have l>ecn sus¬ 
pected of administering an alkaloid when death has 
really been caused by ptomaine poisoning. I'tomaines 
arise in several distinct ways: (1) In flesh, by the 
process of putrefaction ; (2) as products of the action 
of bacteria, the bacteria being contained in the flesh, 
but not producing ptomaines until the flesh is eaten; 
(3) in certain shell fish, such as the mussel, when 
it lives in water contaminated by sewage or in 
stagnant water. Chcmiioilly, ptomaines belong to 
very different classes of compounds. Borne are 
derivatives of ammonium hydroxide (eee Choline, 
Muscabine, and Neubine); others are diamines 
(*ee Cadavebine and Putbescine) ; others are 
pyridine derivatives, and many are of unknown con¬ 
stitution, as, for example, the substance called 
mytilotoxine, CeH,,NOj, which is believed to be the 
mussel poison; and the sub-stanco called tyrotoxioon, 
which does not give the alkaloid reactions, but re¬ 
sembles diazobenzeue in its poisonous action, and 
which is obtained from cheese. The mode of origin 
of some ptomaines is intelligible. Choline, ncurine, 
muscarine, betaine, and trimetbylamine all arise 
from Lecithin (q.v.) 

^ Neurine (by dehydration) 
Lecithin Choline Muscarine (by oxidation) \ 
(IlydroJysU) « Betaine (by oxidation) / 

Trimetbylamine. 

Aiginine is a decomposition product of proteids, and 
it yields ornithine on hydrolysis, which in turn can 
yield putrescine. 

HN : C <CHNH,. COOH 

Arginine. 

CH^NHj. CII,. . CHN H,. COOIl 

Ornithine. 

Cn,NHj.CH,..CII.,.CH,Nn., 

IHitraicinc. 

Lysine, another decomposition product of proteids, 
might yield cadaverine, just as omitliine yields 
putrescine : 

CB„NH,. CH,. CH„. CII,. CHNH,. COOH 

iJysine. 

-> CH,NHj. oils. CII,. CH,. CHNHy 

Cadaverine. 

The method of extracting ptomaines is as follows 
(Brieger's): The substance is sMghtly acidified with 
hydrochloric acid, and evaporat^ to a syrup on a 
water bath; the syrup is extracted with ucohol. 
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and a solution of mercuric chloride in alcohol added 
to the extract. This precipitates the ptomaine as a 
double salt with mercuric chloride, and this doable 
salt is extracted from the precipitate by hot water. 
The procedure now depends on the ptomaine present; 
e.g. the double hydrochloric of choline and mercury, 
if present, will crystallise from the hot solution, while 
all others remain In solution. The mercury is pre¬ 
cipitated from the solution by sulphuretted hydrogen, 
and the filtrate evaporated to dryness. On extract¬ 
ing the residue with hot alcohol, hydrochlorides 
cl diamines, such as putrescineand cadaverine,remain 
liehind, and so on. The symptoms of ptomaine 
poisoning are not always the same, but vomiting, 
purging, prostration, and cramp in the legs arc 
common. A difficulty in the detection of ptornmnes 
arises from the fact that they are only intermediate 
stages in a long series of decompositions of complex 
substances, so that they may be present for a few 
days only, then disappear. 

P-Trap {Build.) A trap resembling the letter P, 
having a nearly horizontal out lei. 

Ptyalin {Chem^ S<’p Diast.^se. 

Pnoella {Glass Manu/ar.) A spring tool; the 
principal tool of the glass maker. In form some¬ 
what like sugar tengs witlj the sides flattened at a 
right angle to the spring and tapering to a point. 

Puddled Ball {M(d.) The mass of puddled iron 
withdrawn from the furnace. 

Puddled Bap {Met.) The Iws of wrought iron 
when they leave the rolling mills. 

Puddlers’ Mine {Met.) A mixture of ground 
hsematite and water, used in lining puddling 
furnaces. 

Paddling (Eug.) (I) Mixing clay witn water, 
either for making a plastic mass or to aid the 
separation of stones and grit from the clay, as in 
brickmaking. (2) Filling or lining a space with <‘lay 
to render it watertight; e.g. a cofferdam is made 
watertight by ramming clay behind the boards. (.'{) 
The clay used in the latter operation is itself termed 
Fuddling. 

- {Met.) The conversion of brittle pig iron 

into malleable iron by decarburising the former and 
removing silicon, phosphorus, sulphur, etc., by atmo¬ 
spheric oxidation. Cf. Pio Boiling. See also Iron. 

Puddling Furnace {Met.) A rcierloratory fur¬ 
nace in which the operation of puddling is curried 
on. See FtiKNArES, 

Pnep (Leather Manvfae.)- A bate of animal dung 
used for softening Iddes. 

Pnering {Leather Manvfae.) Skins after liming, 
unhairing, and fleshing arc steei>ed in a fermenting 
solution of excrement. This process is termed 
PVEBlNO (jnier, to stink) when dog excrement is 
used; bating when the excrement of fowls is em¬ 
ployed, See Bating. 

Pugging {Build.) Bough plaster or slag wool laid 
between the joists of a &or to form a filling and 
render the floor sound proof. 

Png Hill. A mill used for mixing clay for bricks, 
materials for making concrete, etc. See Bbickr. 

Pulley. (1) A general term for a small wheel. 
(2) A wheel on a shaft driven by or driving a belt. 

Pulley Block. A wood or metal frame carrying 
one or more grooved pulleys over which ropes or 
chains mu. 


Pulley Style {Carp, and Join.) One of the 
uprights into which the pulleys are fixed to carry 
the sashes and weights in a cased frame. 

PuHing Up {Fimndrg). The tearing of the sand 
of a mould whilst the pattern is being withdrawn 
from the mould. 

Pulpit. An elevated enclosed stage in a church 
from which the preacher delivers his sermon. 

Pulp Saver {Paper Manvfae.) An apparatus for 
recovering small particles of pulp from surplus 
backwater. 

Pulse {Botany). A general term for the seeds of 
the order Legummoste, e.g. Beans, Peas, and l..entils. 

-- (Music), See Beat. 

Pulvinated (Architect.) A pulvinated frieze is 
one which has a convex face. 


Pumice (Gro7.) fitrictly, speaking this term 
should be restricted in its scientific application to 
the voU-anic froth which has been formed at the 
surface of a liquid lava of acid ciinqx).sition, aixl 
which has been blown into the. air from the crater 
from time to time while small explosions of steam 
were rising through the fluid mn.s.s. These frothy 
ejection.s, full of vajxnir t•avitie^, hut consisting 
essentially of volcanic glass or oltsidian, have in 
many c.ases fallen back oul.side the crater, and hate 
thus contributed to the growth of the vtflcanic cone. 
The best pumice is obtained from the Lipari Island, 
mostly from the (’ampo Bianco. 


Pumicestone (Bee.) Pumice has important use 
in ]iainting, by assi.sting in the production of level 
si.rfaecs and by reducing inequalities. It is used 
with water, and is first rubbed flat on one siile, so as 
to prevent .scratching. Carriage painters more fre¬ 
quently use specially made pumice composition 
birtcks. powdered pumice is emplojed with a felt, 
rubber and water to rub down certain varnished 
surfaces, and in onler to get a perfectly smooth 
ground for subsequent coats of varni.sli 

Pumping Engine. An engine spc'cially fitted for 
driving pumfis for any pur[)o.‘.c. Very large engines 
are used in mines for drawing off the water from the 
workings, and it was in this connection tliat steam 
engines were first used. Many large pumping en¬ 
gines are beam engines, following the typo of the 
early steam engines. 


B 


Pumpt. The principle of the common Lift Pump 
is shown in fig. 1. A ]>istou or BUCKET A fits 
smoothly in the Babbel b, and is raised and lowered 
by the rod c. A piiie E dips 
into the water to be raised. As 
the piston is raised a partial 
vacuum is produced in the 
barrel, and water rises in the 
pipe E, pns.sing through the 
Foot Valve d as soon as the 
pressure of the air in the liarrel 
has been sufficiently diminislicd. 

When the piston descends, D 
closes, and the valve F, termed 
the Bucket Valve, opens, and 
allows the water to pass through 
the opening into the space above 
the bucket. When the piston 
rises again, F closes, and the 
water i.s lifted until it flows 
out of the spout G. The actual 
height to which water can be 
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drawn is about 25 ft., measured from the level of 
the water in the reservoir below the pump to the 
position of the bucket whto 
at the highest point of its 
stroke. When, water has to 
be raised through a greater 
height than this, some form 
of Foecb I’ump (fig. 2) is 
used. The piston or Plunuer 
of this pump is solid. The 
action daring the ascent of 
the piston is similar to that 
of the lift pump; but as the 
])iston descends, the water is 
forced through a valve A and 
np the pipe B. The height 
to which the water can be 
forced now depends only upon 
the force which is applied 
to the piston or plunger dur¬ 
ing the downstroke. The 
discharge from a force pump may be made continuous 
by the u.se of an :ur vessel (fig. S). Water enters 
the chamber A t hrough B, und escapes througli tlic 
pipe c, who.se diameter is so adjusted that during the 
downstroke of the pumj) the water enters through B 
more rapidly than it can escape through C. As a 
consequence, the air in the space d is compressed, 
and the water in A is under ctuisiderablc pressure at 
the end of tlio downstroke. This ju'essure causes the 
water to flowthrough c after the dovvnsUoke ceases, 
and, if the vessel bo of sufficient size, this flow will 
Itecome continuous. Many modern types of_ pump 
driven by power arc constructed on the principle of 
the force pump. Home of these aie double acting. 
An inlet ami an outlet are providecl at each end of the 
l>arrel, so that the flow of water through the pump 
is analogous to the movement of the steam in the 
cylinder of a steam engine. A totally different prin¬ 
ciple is used in the Ckntkifcoal Pump. The moving 
jiortion consists of a number of curved blades 
mounted on an axle, by which they are set in rapid 
rotation. This part, or Fan, 
is contained in a circular 
casing, provided with inlets at 
the centre and a wide outlet at 
the circumference, running in 
a tangential direction. The 
water Alls the casing, and is 
set in rotation by the blades; 
centrifugal force drives it out¬ 
ward, and it flows through 
the discharge pipe in a steady 
stream, while fresh water is 
continually drawn into the 
casing through the inlet pipe. 

A centrifugal pump is not 
suited to very high lifts, and it only works 
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with 


its maximum efficiency at the one lift fur which it 
was designed. 


Puna Wind* {Meteorvl.') Very dry winds which 
pass over the barren tableland, called the Puna, 
to the oast of Arequipa in Peru. These winds are 
jiarched to a degree that has perliaps no parallel in 
any other country. 


POBOli. A steel tool used for forming holes in 
thin metal, etc., by driving the point through with 
blows from a hammer; also for a great variety of 
purposes apart from this use, e.g. used by carpenters 
and joiners^for driving the beads of nails below 
the surface of woodwork. 


Punched H<dec (Eng.) Commonly used in riveted 
work, such as boilers, girders, etc. The holes are 
usually made by a punching machine, but the plate 
is apt to be weakened by punching, and drilled holes 
are preferable. 

Punching (MatmryX Dressing masonry with a 
tool known as a punch. 

Punching Machine (Eng.) A machine for driving 
a large pnncli by power ; used in all boiler shops, etc. 

Punta (ATirwic). The point, as eollajgxmta delV areOt 
with the point of the tow. 

Pnvbeck Beds ((feol.) Rocks of Iluvioinarine 
origin, in Britain, wliich occupy a position inter¬ 
mediate between the Wcalden Strata and the Port¬ 
land Rocks, and, acconiing to many British authors, 
forms, with them, the uppermost Jurassic Rocks. 
At and near Purbeck these strata have yielded an 
exceedingly iutcrc.sting suite of mammalian fossils 
which otherwise would have remained almost entirely 
unknown. 

PuFchttee. A term signifying leverage. 

Purification of Sevage {CirU Eng.) Sewage is 
purified by processes which may be classified in a 
manner simil.ar to those atlopted for tlie purification 
of water. The presence of the grosser part of the 
sewage may to very largely dealt with by settling 
tanks, but bacteriological methods are gaining 
ground. See HANiTATioN, Septic Tank System, 
and Sbwace; aho Filters, Filtration. 

Purification of Water (Civil Eng.) This is 
effected by three means; (1) Mechanical, e.g. by 
Leaping Weirs ( g . r .), Sf,ttling T.vkks (?.».), 
or by simple filtration. (2) Chemical means, e.g. by 
Clark’s Process lor softening water. (3) Bacterio¬ 
logical means. Bacteria and other organisnj.s havo 
a gre.at effect in the purification of water, the con¬ 
ditions of which are very complex and not completely 
understood. 

Purifiers ( (Jas Mutiufac.) See C as Manufacture. 

Purines (Chem.) Are derivatives of PuRisa 
N—-CII 
lie C.NH 

N- -C.N 

a white solid, crystallising in minute needles from 
toluene; melts at 216° to 217°, and volatilises on 
further heating, with partial decomposition; very 
soluble in water; ncuti'al reaction, but forms salts 
wit h acids, behaving as a monacid base. It is stable 
towards oxidising agents, and thus does not yield 
tlie murexide test It is obtained from uric 

acid by converting it into the potassium .salt, acting 
on this with phosphorus oxychloride at 16(F to 170°, 
and treating the dichlorpurine so obtained with the 
same reagent at 16(F to 155°, obtaining 2:G :fl-tri- 
chlorpurine. The trichlorpurine heated with hydriodic 
acid and phosphonium iodide at 0“ yields 2 :6- 
diodopurine, which, on boiling with zinc dust and 
water in a stream of carbon dioxide, gives purine as 
an insoluble zinc compound. The latter is decomposed 
by boiling with water and passing in sulphuretted 
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hjdrogen : on filtering and concentrating in s vnonum 
the purine czystalliseB oat. 


HN-CO 

dc i.NH\ 

I II )C0 

HN-c.nh/ 

TTtIo Aoid. 

j(ra==zc. Cl 

I I 

CIC CNH V 

II >cc 

— c.tfy 

2 ;6 ;8-TTicbloii>iiriiia. 


N=^C . Cl 

t I 

CIC C. NH\ 

II II )co 

N-C. NH/ 

2: e-Dtchloiporine. 
Nc=.CI 


IC CNH 


N: 

ni 


11 II 

N-C.N X 

-CH 

I 

CNH\ 

II >CH 
-C. Ni^ 


CH 


In naming the difierent purines the purine ring 
is numbered as shown in the diagram : 


N — 

— C 

r 

“I 

1 

1 

C2 

! T 
:.C.N\ 

I \ 

1 3 

4i / 

N_ 

_C.N'" 


u 


Examples : unc acid is 2 ; G : 8-trioxypurine. The 
2:6; 8-trichlorpnrine mentioned abo^o crystallises 
in plates which contain five molecules water of 
crystallisation, and is soluble in 70 jjarts of hot 
water. It is an im[x)rtaut starting point in the 
synthesis of a number of purine derivatives. When 
heated with a normal solution of caustic potash it 
yields C-oxy-2 : 8-dicblorpurine : 

N-CO 


CIC C. NH 

ji ii >,cci 

If II / 

N-C. N' 


from which guanine, hypoxanthinc, and xanthine can 
be synthesised. See theae. Hypoxanthinc is obtained 
from 6>oxy*2; 8-dichloiparinc by reduction with 
hydriodic acid. The four purine bases adenine, 
guanine, hypoxautbine, and xanthine are decom* 
position products of the nucleic acids. Adenine is 
€>aminopurine, and it can be obtained from 2:6: 8- 
trichlorpurinc by the action of aqueous ammonia, 
which yields G-amino>2:8-trichlorpurinc, and 
hydriodic acid reduces this to adenine. Tlic purines 
caffeine (jf.e.), guanine, hypoxanthinc, theobromine 
(ji-v.), and xanthine occur in food stuffs—hence the 
importance of a careful diet in those suffering from 
uric acid diseases. Mf^at, certain vegetables, such 
as peas, beans, lentils, and as{>aragus; tea, coffee, 
coc.oa, and beer all contain purines; but milk, batter, 
cheese, eggs, and white bread contain very little 
Ijurines, Wines contain no purines. 

Purliu (Build.) The boiizontal beams that 
support the common rafters. See BOOFS. 


Puple Brown (Bee.) The popular name for 
purple oxide (y.e.) It may be imitated by adding a 
little ultramarine and lampblack to Indian, red. 


Poiple of Oaniiii (Chem.) See Tin Cohpockds. 

Pnrplo Oxide (Dec.) A dark reddish purple 
pigment consisting almost wholly of artificially made 
ferric oxide. It mokes a cheap and serviceable paint, 
and is usually sold as Purple Brown. 

PnrpoM Made (Build.) The term applied to 
bricks, etc., made to a given pattern. 

Figure (Her.) 1‘urple, a tincture rarely used in 
English heraldry. Bepresentod by diagonal lines 
from left to right. See under Heraldby. 

Pnrpario Acid (HAem.) Not known in the free 
state. When an acid is added to any of its salts, tho 
puipuric acid dccomfK>scs into alloxan and amido* 
barbituric acid (uramil). Ammonium purpurate, 
commonly called murexidc, is its most important 
salt: 


IIN— 

1 

OC 

1 

—CO 

II 

OC- 

NH 

1 

CO 

hL 

(1 

—(.•. ONH, 

o(!— 

•NH 


It crystallise.s in red prisms, which show a fine green 
lustre by reflected light; sparingly soluble in cold 
water, much more soluble in hot water; insoluble 
in alcohol and ethor; decomposed by acids into 

alloxan, IIN-CO and uramil, HN- -CO 

I . II 

00 CO OC (‘H. NIL 

II II 

]IN-CO HN- -CO. 

Caustic pota.8h turns its solution blue. It is ob¬ 

tained by evaporating uric acid with nitric acid, 
and adding ammonia to tl>c residue (murexido 
test) ; by mixing ammonia solutions of alloxan and 
uramil; by boiling uramil with ammoui.i and mer¬ 
curic oxide. Formerly it wa.s much used as a dye, 
and it is still .so used to a small extent, 

Purporin ((’hem.) 


CH CO COH 



(1:2: G-trioxj'antbraquiaone), Crystallises from 
aqueous alcohol in orange coloured prisms which 
contain one molecule water of crystallisation. 
Becomes anhydrous at 10(P; sublimes on heating 
and melts at 253°; soluble in alcohol and ether; 
slightly soluble in hot water. Dissolves in alkalis, 
forming a red solution, which is oxidised on exposure 
to air, turning yellow and yielding phfhalic acid. 
Dissolves in a boiling solution of alum, forming 
a pink solution with yellow fluorescence. With an 
alum mordant it dyes a beantifnl scarlet red. It is 
oxidised by nitric acid to pbthalio acid; heated with 
zinc dust it is reduced to anthracene. It occurs 
with alizarin (q.v.) in madder root. It is obtained 
from alizarin by oxidation with manganese dioxide 
and sulphuric acid at 160°. Isopnrpur^ also called 
aothrapurpurin, is isomeric with purpuriu. Flavo- 
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purpuriu is also isomeric with puxpurin. Both 
isomers are also used as dyes. 


■CCB 


OH OH 


iM^rimria. 


Flavopurpniio. 


Pnih (JElect, A contact maker actuated 

by a stud which is pushed in by the finger; when 
released it is forced out again by a spring and 
breaks the circuit. 

Putlog {/tuUd.y One of the bearers or horizontal 
members that carry the boards of a scaffold. 
( y . Lbdohbs. 

Putrefootion in Meat (Foods). This is caused by 
the presence of putrefactive bacteria, the ferments 
generated by which give rise to poisonous substances 
unaffected by cooking. See Foous. 

Putreioine ( Chem.) (Tctmmethylenediamine), 
Cllj. CHj. NH, 

CH,. CHj. NH, 

A colourless liquid with peculiar smell. Boils at 
158° to 160° ; soluble in water; difficultly volatile in 
steam ; strong alkali, absorbing carbon dioxide from 
the air forming the carbonate, and uniting with acids 
to form salts which are all crystalline. It gives 
precipitate's with all the alkaloid reagents and 

forms a characteristic urea by direct union with 
phenylisocyanate in dry ether. With benzoyl chloride 
and caustic soda (Baumann-Schotten reaction, i/.u.) 
it yields a dibenzoyl cotnfiound— 


(CH,), < 


NHCOC.H 


■^KHCOCgH 


s 

6 


which melts at 175°, and is insoluble in water or 
ether. Ihitrcscine is not very poisonous. It is one 
of the ptomaines (q.v.), and occurs in putrefying 
flesh of men and animals, also in pure cultures of tho 
cholera bacillus and occasionally in urine. It can 
be obtained synthetically by reduction of ethylene 
cyanhlo in alcoholic solution by meaa.s of sodium ; 


GH, CILBr CH,CN 

I * I T~^ I 

CH, Br CH,Br KCN Cn,CN H 

Ethyleao. Ethylene bromula. 


ClIj.CH, NH, 


When pyrrole (q.v.) is acted on by hydroxylamine it 
yields the oxime of succinic aldehyde, which on re¬ 
duction gives putrcscine: 

H,C - ClI: Non H,C - CH*. NH, 

- CII; NOH n H,C - GH,. NH, 


For a probable explanation of its origin by putrC' 
faction, see Ptomaines. 


Putty (Eee.) I’ainters’ putty is used for stopping 
or bringing to a level surface nail holes, abrasions, 
and other defects in wood or iron work prior to paint¬ 
ing or repainting. It is made by mixing whiting with 
raw Unseed oil. The whiting must be free from grit, 
quite fine, and dry, and the oil should he pure linseed 
oil only. The admixture is effected in a pug mill or 
in an ingenious mixer, which is largely employed also 
bv bakers for mixing dougb. Sometimes linseed oil 
foots (y.e.) are used, and for putty that is exported 
to hot countries it is usual to add a little cotton seed 


oil to retard the drying. Putty is also laiigely used 
for glazing windows; but for this purpose an addition 
of one-tenth part of white lead to the whiting in¬ 
creases the durability of tho putty, and is almost 
a necessity when glazing in exposed positions— 
such, for instance, as the roof of a greenhouse or 
conservatory. 

Putty (Build.) Plasterers’ putty is thin mortar, i.c. 
mortar with a considerable quantity of water added. 

Putty Joint (Plumb.) A joint made with red 
and white lead covered with a piece of rag and 
bound with string. 

Putty Powder ( Glass Manvfae.) Stannic Oxide. 
See Tin Compounds. 

Puy (Geol.) A provincial term in use in the 
Auvergne district (and elsewhere) for the isolated 
volcanic cones which form so con.spicuous a feature 
in the scenery of that part. The use of the term 
has DOW been extended so as to apply to the local 
accumulations arising from any small volcano, in 
contradistinction to the more widely extended vol¬ 
canic products which come from great volcanic 
aggregates like tho.se of Hawaii, Iceland, and others. 

Pycnostyle (Architect.) The name given to the 
spacing of the columns in a Grecian temple when the 
space between the columns is equal to one and a half 
times the lower diameter of the shaft. See Bystylb, 
Eustylb, AbjKostylb, Piastylb, and Inteb- 

COLUMMATION, 

Pylon A structure of the shape of an 

oblong truncated pyramid placed on each side of the 
entrance to an Egyptian temple. 

Pynkometer (Phys.) A ves-sel which is filled up 
to a definite mark with any given liquid in order to 
compare the specific gravity (q.v.) of one liquid with 
that of another. The commone.st form is a small 
flask provided with a stopper pierced by a small hole; 
tlie flask is nearly filled with the liquid, and the 
stopper is inserted, when the superfluous liquid rises 
through the hole and can be removed by wiping the 
flask. The whole is now weighed, and the operation 
repeated with a different liquid. Deducting the 
weight of the empty flask, we obtain the weights of 
two equal volumes of the different liquids. This 
form is usually termed a SPECIFIC Gbavity Flask. 

Pyramid. A solid whose sides arc triangles having 
a common vertex, and vrhose bases form the sides of 
a polygon, termed the Babe of the pyramid. 

- (Aroheeol., etc.) A structure, generally 

of stone, with a square base and triangular sides, 
the latter meeting in an apex, Tho most notable 
examples are the pvramids of Egypt, especially those 
at Gizeh. The tJreat I’yramid over the tomb of 
Cbeops stood on a luise 756 feet square, and rose to 
a height of 481 feet. 

_ (Mu.) A closed crystalline form, whose 

faces cut three axes; the faces arc in two symmetri¬ 
cal groups, one group on either side of a plane or 
base whose outline is determined by the crystalline 
system to which the pyramid belongs. 

Pyrargyrite (Min.) One of the Bed Silver Ores or 
Buby Silvers. Sec 1‘EOUSTITE. Kulpbantimonite of 
silver, .’lAg^S, SbjS,. Silver - 69-8, sulphur = 17-7, 
antimony «» 22'6 per cent. Bhombohedi'al and hemi- 
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morphic. It is rich dark red by transmitted light; 
by reflected light almost black, with a sabmetallic 
lustre. Chiefly from the Harz Mountain mines. 


Pyrasine {Chem,.') 
N 


5HC 


N 


7lIC[ 


" 1 


CHa 

HC 






or 


i 



.CIM 

HC 


1 


CH 


CH 




N 


and acetone undei^o condensation with sodium or 
sodium ethoxide: 

CH, 


A solid crystallising in coiourle.s8 prisms. Melts at 
52'^; boils at 118°; sublimes at the ordinary tem« 
peraturc; smells like heliotrope; its vapour burns 
with a reddish flame. It is a weak base ; it combines 
with many .salts to form double compounds, e.g. 
C,H,NjHgClj. It is formed by distilling pijxsrazine, 
which is hexahydropyrazinc, with zinc dust; also by 
heating pyrazino carboxylic acids which lose carbon 
dioxide and yield pyrazine; also by heating amino- 
acetaldehyde with a solution of mercuric chloride. 
Methyl pyrazines are probably among the products 
obtained when dextrose is heated with a solution of 
ammonia under pres-surc. The a, 7 -dimethylpyrazine 
is formed when glycerine is distilled with ammonium 
salts (mixture of chloride and phosphate), and it 
occurs in some fusil ftils. The methyl pyrazines are 
oxidised to carboxylic acids by potassium perman¬ 
ganate. 

Pyrarole and its Derivative! iCh^m .) Ptiuzole, 


CH, 

+C,HjONa 

.OC,Hj 


I /ONa 


CH. 


+ 2 C 5 ,H 50 H 


' 

c~ 


,ONa 

-OH.CO.CHi 

Sodium Salt of Acetyl Aoctooe. 

The acetyl acetone, on treating withbydrazine sulphate 
and caustic potash, gives ; 

CH,.C01T n.,N CH,.C 


NH 


CH 

I 

rTi,.co 


= HC 


II..N 




+ ‘iU.D 


CH,.C 


S : 5 - diiiietbylpyrazolo. 

The 8:5-dimcthylpyrazolc, on oxidation with potas¬ 
sium permanganate, gives the corrcsix>ndiiig dicar- 
boxylic acid, which goes smoothly into pyrazole on 
heating. I*yraK»le derivatives are named by men¬ 
tioning the substituting group and its position in the 
numbered ring. Also the following names must be 
noticed: Dihydropyrazole is called pyrazoline, and 
tctrahydropyrazole is called pyrazolidino. 

IIN- - X IIX-XII 


HN-N 


nc\ /'cii 

\V' 

CH 

A colourless solid crystallising in long needles; melts 
at 70°; boils at 186°; soluble in water, alcohol, ether. 
In its chemical behaviour it resembles both pyridine 
and l>eDzene, the former in combining with metallic 
chlorides such as mert'uric chloride, and, in the 
proj)erty of its hydrejchloridc, combining with platinic 
chloride, and also in the fact that the 1-alkyl pyra- 
zoles smell like }>yridinc, and both pyrazole and 
pyridine are weak bases. It resembles benzene in 
the stability of the ring towards oxidi.sing and re¬ 
ducing agents; with strong sulphuric acid it forms 
a sulphonic acid; with strong nitric acid it forms 
a nitro-componud (NO, at 4°), wliicli can be reduced 
io an amido-corajKiund, and the latter undergoes 
the diazo-reaction, etc. Pyrazole lichaves aft a 
secondary base. With ammoniacal silver nitrate it 
gives a white precipitate of silver pyrazole, the 
silver displacing the hydrogen at the nitrogen atom; 
with acid chlorides the same hydrogen is replaced 
by the acid radical. J’yrazole can be obtained: (1) 
JBy direct union of acetylene and diazomethane; 

HN-N 


‘ ('ll., ■ CH, 

Vynizuliiio ll.P. IW’. PyrszoUdinx (n<it obtained). 
When two hydrogens attached to the same carbon 
atom are replaced by an oxygen atom, thus giving a 
ketone grouj), the termination “-ine" i.s changed to 
“ -one.” Examples below. PvRAZOLE IIohojlogues 
arc obtained in various ways; (1) Py action of at. 
alkyl io<H(lo on the silver compound of pyrazole. 
(2) By tlie second reaction for the preparation of 
pyrazole given above, which is a general reaction; 
e.ff. instead of using hydrazine, substituted hydra¬ 
zines can be employed. (8) By trans]:>osition of the 
niothyl iodide compound of other pyrozoles. The 
following homologuos are important: l-phenyl- 
pyrazolc; a liquid boiling at 216° is formed from 
epichlorhydrin and phenylbydrazine, or from acro¬ 
lein and )>hcnylbydrazine, when a pbcnylpyrazoline 
is first formed, which easily loses hydrogen and 
gives l-phenylpyrazole. 

C.Hs 

N-N 

CU,: CH. CHO + H,N. NHCjHj-. 

n,C\/CH 

CH, 

l-phenyli^nuolins. 


Oil N=N 

i + \/ = 

»'H CH, HC'^XCH 
CH 

{2) By t he following, which is a particular case of a 
general reaction which is }>atepted by Knorr from | 
the acetyl acetone stage onwards. Ethyl acetate I 


1-phcnylpyrazole combines with methyl iodide, and 
the compound so formed when heated yields 1-phenyl- 
4-methylpyrazole, the methyl group leaving the nitro¬ 
gen and wandering to position 4, Two isomeric 
phenylmethylpyrazoles, viz. l-phonyl-3-methyl and 
l-phenyl-5-methyl, are obtained by the condensation 
of oxymethylene acetone (CH.COCH : CHOH, by con¬ 
densation of ethyl formate and acetone by s^ium 
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cHhoride) and phenjd hydrarine. On oxidation, both 
iaomeis yield the same compound, namely 3-methyI- 
pyrazole. The fsame methylpyrazole is obtained 
by condensation of ozymethylcne acetone and hydra¬ 
zine. Henoe it ajpj/eari that the j/otitio7U 8 and 6 in 
the ^yrazole ring are equivalent. It is concluded that 
the imide_ hydrogen is labile, and belongs equally to 
the two nitrogen atoms; to express this the formula 
for ^yrazole is often written 

H 

N- -N 


HC' iCH 


CII 

1-Phknyl-3-Mbthtl.6.1’ybazolose. This is the 
compound formed by the action of pbcnylhydrazinc 
on ethylncetoacetate (^.r.) and treatment of the pro¬ 
duct with caustic potash; it melts at 127°, and is 
prepared on a lergs scale for the manufacture of 
antipyrinc. Although it is known in one form only, 
it reacts as if it could assume three different formula} 
(double taiitomerism) : 


CJI 5 

N-kH 


Pyridine iCh ?».) 



^HC 




HC 


CH 


iCH 


<CH 


Kl 


A colourless liquid; characteristic unpleasant smell; 
poisonous; boils at 116°; soluble in water, alcohol, 
etc.; it is a base forming salts with acids, e.g. 
C 5 H 5 N'. HCl; this hydrochloride unites directly with 
platinic cliloride, forming (C 5 F 5 NH 01 )j,PtCl,, which 
on prolonged boiling with water forms the yellow 

insoluble compound |rt(C 5 H 4 N)jCl,j-CIj; it also 

unites with mercuric chloride to form doable salts, 
such as *C 5 rijFI:lC 12 HgCl,. It is a tertiary base, 
uniting directly with alkyl iodides. See below. 
With metallic sodium at 80° it forms 7 , y-dipyridyl 


OH, 


CH 

II. 


N 


OH CH OH CH 

Qo.cQn 

oil CH Cll CH 


N- 

11 

HO.C XXC.CHf 
OH 

III. 

Examples ; According to I . (methylene form), when 
it is oxidised uy ferric chloride to pyrazole blue, the 
[)yrazole analogue of indigo : 


N- 

C.GH, 

CH,. C 

-N 

N. _ 

c = c. 

...N 

C.H, 

CO 

OC 

C.H, 


According to ii. (imiue form), in antipyrinc (q.v.), 
which is l-plicnyl-2:3-dimethyl-5.pyrazolonc. Accord¬ 
ing to lit. (phenol form), in picrolonic acid, which is 
l-paranitrophenyl>3-methyl-4-nitro-5-pyrazolone: 

C,H,NO, 

N-N 


HOC\^y=C.CH, 

C.NOj 

This acid is the picric acid of the pyrazole scries, and 
is obtained by nitration of l-phenyl-3-raethylpyrar.o- 
line; like picric acid, it forms numerous sparingly 
soluble salts with bases, and lately has been used as 
a reagent in the isolation and characterisation of 


and other products. With sodium and alcohol it 
yields pi[)eridinc {q.v.') Heated with hydriodic acid 
at 300°, it yields normal pentane and ammonia: 

CH CH 


CH CH 

The pyridine ring is very stable, and pyridine is not 
atta^ed by boiling concentrated nitric acid nor by 
chromic acid; ordinary concentrated sulphuric acid 
does not attack it, but faming sulphuric acid forms 
/3-pyridinc snlphonic acid. Pyridine does not readily 
give halogen substitution products with the halogens 
directly: these are obtained by indirect means, e.g. 
by beating pyridine with phosphorus pentachloride, 
which yields aa' dichlorpyridine. Pyridine and its 
homologues occur in coal tar, in hone oil, and in 
sliale oil. Pyridine has also bMn found in tobaeno 
smoke and in the smoke laden air of towns. It is 
obtained from coal tar. To extract it the tar is dis¬ 
tilled, and that fraction which comes over between 
(50° and 150° is shaken with strong sulphuric acid; 
the sulphuric acid extract is then heated to boiling 
to expel neutral substances, and, after cooling, caustic 
.soda is added. The basic oil which separates is 
purified by fractional distillation; in this way an 
impure pyridine is obtained which may bo purified 
by adding mercuric chloride to its solution in hydro¬ 
chloric acid, ciy'stallising the double salt, and dis¬ 
tilling it with caustic soda. Pyridine is largely used 
as a solvent; daring the last few years it 1 ^ been 
very largely used, especially abroad, for mixing with 
alcohol to render it undrinkable. Interesting labor¬ 
atory methods of obtaining pyridine are: (1) By 
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hcatixig pyridine carboxylic acids with soda lime, just 
as bena^ne is obtained from benzene carboxylic acids. 
(2) By heating the potassium compound of piyrrole 
with methylene iodide: 

CH 

nc=cn HCf^cH 

I >NK + CHX= +KI + Hr. 

HC=CH * HCts^CH 

N 

Similarly, ^-cblorpyridine is obtained if chloroform 
be used in place of methylene iodide. (3) By heating 
piperidine iq.r.) with concentrated sulphuric acid. 
Pyridine derivTitives are named by numbering the 
carbon atoms of the ring or by denoting the carbon 
atoms by a letter : 


HCfi CH HC 

-oV 

HC :h hc 

As the carbon atoms 1 and 5 are similarly situated, 
in lettering the ring these positions arc indicated by 
the same letter, and when both fxisitions are occupied 
one letter is distinguished by a dash ; similar remarks 
apply to the positions 2 and 4. It is useful to re- 
member that the positions n and y are similar to the 
ortho- and para-positions in benzene, while the 
position Ls similar to the meta-position in benzene. 
HoMOLOGUfis OF Pyeidine : The monometlijl 
pyridines are called ricoLlM£S,and are distinguished 
as a-picoline, ^-picoline, 7 -pif:oline; the dimethyl 
pyridines are called Lutidines ; the trimethyl pyri¬ 
dines are called CoLniDiNEB. A very important 
pyridine synthesis, and one by means of which a 
number of these hoi.iologues may be obtained, con¬ 
sists in heating together ethyl acetoacctate (52 grs.) 
and aldehyde-ammonia (15 grs.): 



H 


II II 

HjC.OOC.CH O HC.COOC,Hs 


CH 

CH, 


CH,.C/" \c.CH, 
HiCjOOC.C C.COOCjHj 


•h3n,o. 


CH 

CHj 


The ethyl dihydrocollidinedicarboxylate so formed 
readily loses two atoms of hydrogen on reduction by 
nitrous acid, and on treating the product with caustic 


potash it is hydrolysed, yielding collidine dicatbozylie 
acid. This add, on heating with soda lime, yields 
collidine (oa'y-trimethylpyndine). 







I The synthesis can be varied by using other aldehyde 
ammonias, and in place of one molecule of ethyl 
! acetoacetate, other kctonic acids or 1 : .'{-diketones. 
I Pyridine homologues are aliso obtained by beating 
I alkyl iodide compounds of pyridine, when the alkyl 
I group leaves the nitrogen and wanders into the 
! nucleus, the y-position being occupied first, then the 
1 a-position. The /9-position is never occupied in this 
! kind of transposition (similarity to benzene ring), 
j All homologues of pyridine on oxidation yield 
! pyridine carboxylic aci(^. l*yBlDlNB Cabboxylic 
I Acids : Some of these are important as products 
obtained by lircaking down several alkaloids; r.g. 
Nicotinic Acid from nicotine is 2-pyridine car¬ 
boxylic acid. C'lKOHOMEBONic Acid from cinchonine 
is 2:3-pyridinc carboxylic acid. Quinolinic acid, 
obtained by oxidation of quinoline, is the 1 : 2 -pyri- 
dinecarboxylic acid. Hydboxytyridinbs : The a- 
and y-bydrozypyridines have the property of behaving 
I like ketones, as well as like hydrcncy-compounds. 
On this account they arc also callod Pxxidines. 
Examples: If the ethyl ester of acetone dicarbozylic 
acid (from citric acid by the action of strong sul¬ 
phuric acid) be heated w’th ammonia, it forms the 
ctViyl ester of /9-oxyaminoglataminic acid, which, 
when treated with an alkali, forms d-iminogliitar- 
imide, and this with coneentrated hydrochloric acM 
yields trioxypyridino (1: 3 : 6 ) or a, a', 7 -pyfidine. 


H,N.OC.CH, 


HAOOC. CH 
Bthyl gK>zy«tDinoglutaiuiiuta. 




30—CHjK p ij—■ 


p-lmldo^ntarimlde. 

HS <TO;eHi> 


Of. PBLOBOOnUCIN. 
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Pyrimidines (,Chem.) 


PyBIMIDlNK. 


A white solid; melts 


N— 

at 20° to 22°; boils at 124°; has jwnetrating and 
narcotic smell; soluble in water, giving a neutral 
solution ; yields crystalline, sparingly soluble double 
salts with mercuric and gold chlorides. It is obtained 
from methyl uracil («re Ethyl Acetoacetate) by 
beating it with phosijhorus oxycliloride, reducing the 
methjldiohlorpyrimidine so obtained with zinc dust 
and water, oxidising the resulting methylpyrimidino 
with dilute potassium permanganate solution to the 
corresponding acid, and distilling the acid. 

IIN-CO N -^-_CC1 


roci. 


OC till 


ciri CH 


• HX-C. CTL 


X-c. CIJ, 

4-nictlirl-2: C-iUuLloriiyriiniiline. 


(!H 

1 

N 

1 

CU 

N -('ll 
1 1 

CH 

II 

1 

HC 

I'H* 

1 1 
a (’ll 

|l 

1 

i! II 

-r.ClL 

N— 

—r. ('0011 

N- (’ll 


4*meth y 1 lo' ri iiiidi no. 

Tlii‘ix‘ are tlin-e ])yriinidine derivatives of great 
importance in the cliemi.Htry of the piotciils. They 
are; lTnACiLi)r2: 6-diuxyp,>riniidiiic; Thymin or 
7)-niethyl-2; C-dioxyjryrimidine ; CYTOSIN or (J-arnino- 
2-oxypyrimidiuc. " The.sc are all < ryst.alline soliils 
obtained by decomposition of nueleic acids. Ur.acil 
was first obtained from yenst. thymin from the 
thymus gland, and cytosin from the same source. 
J’yrimidine.s are also' obtained where nitriles arc 
Ciin.sr'd to polymerise under the influ<?ncc of metallic 
sirdiiim or sodium ethoxidc. 'riius fnim actstonitrilc 
is obtained 4-ainino-2 ; 6-dimethylp.yrimidine — 

K- =C.CH, 


3CH,CN -» H,C. C C 


E-C . NIL 

Pyrites See luox Pyrites. 

Pyrites Burners iChcDi.) Furnaces used for 
burning iron pyrites (Fc8,) in air witli the object of 
produemg sulphur dioxide for usoin the, nvuiulacture 
of sulphuric acid. See SULPHUU Oompounuh. 

Pyrooatechin { Chem .) fibc Catechol. 

• —.— i^Photo.') This substance, sometimes called 

Catechol, is the .same in compo.sition as Hydro- 
quiiione, having the formula; 0,11.(011),. It is very 
BoluWein water, and used as a developer produces 
negatives of excellent quality. It has the advantage 
of being uninfluenced by temperature and of keeping 
well in solution. 

Pyroclastic Rocks (<?«>?.) See Clastic Rocks. 

Pyroelectricity. Cei-tain minerals, and some 
other crystalline substances, become electrified on 


heating cr cooling, and are said to be PYBOHLECtRlC- 
Amor^ the former are Tourmaline, Calamine, and* 
Boracite {g.v .); and among the latter Cane Sugar and 
Sulphate of Quinine. The phenomena may be illoa* 
trated by the case of Tourmaline; while this is being 
heated, one end becomes positively electrified, the 
other end negatively; on cooling, the charges are 
reversed. The results are not only shown by a, 
complete cr 3 -stal, but also by a broken piece. 

I^rogallic Acid (Chem.') A common name for 
I'YBOGALLOL iq.V.) 


Pyrogallol (Chem.) 


c.on 

HCf-^jC. OH 
HcL Jc .OH 


(Pyrogallic Acid er\ : 2: S-Tbihydroxtbenzekb). 
A white .solid crystallising in white shining leaves or 
needles ; melts at 1.32°; soluble in water; less soluble 
ill alcohol and ether; its solution in water gives a 
bine colour with ferrous sulphate, containing some 
ferric salt, and a red colour with ferric cldoridc. Its 
alkaline solution reduces gold, silver, and mercury 
solution.s fo tlie metal, the pyrogallol being oxidised 
to acetic and oxalic aei Is; it also reduces copper 
sulpliatc to cnprou.s oxide. The alkaline solution 
rapidly absorbs oxygen from the air, turning brown, 
then black, and being oxidised u.s above. On these 
actions of pyrogallol is based its application as a 
developer in photography and as a .solvent for oxygen 
in gas analysis. If barj-ta water is used as the alkali, 
the oxitlation doc.s not proceed eo far, and it is 
possib’c i>. isolate 3 : 4 : 5 ; 3': 4'; 5'-hexahydroxy- 
diphenvl — 

TTO OIT 


nO<^_ ^ ^ OH. 

HO OH 

When pyrogallol is oxidised by an acid solution of 
potassium ])crmanganate, or, better still, by' electro¬ 
lysis of a solution in sodium sulphate, using a rotating 
platinum anode, a dye called purpurogallin is forined 
—constitution not settled, but probably it is a 
naiihthalene derivative. With bromine, pyrogallol 
yield.s tribrompyi-ogallol. Pyrogallol is obtained by 
heating gallic acid (i^.t.), alone or with water, at 
2in'. It is also formed, usually with other products, 
when numerous jihenol derivatives are fused with 
caustic potash. 

- (Photo.) This substance, sometimes called 

1‘yrogallio Acid, is a benzene derivative, having 
the formula CeH,{OH),. It is a colourless crystal¬ 
line substance, very soluble in water, and in con¬ 
junction with an alkali was for a long time the 
princijial developer employed for use with gelatine 
dry plates. 

Pyroligneous Acid (Cfiem.) IVhen wood is sub¬ 
mitted to dry distillation in iron retorts a distillate 
is obtaincil wliich separates into two parts just as 
the liquid distillate from coal does. The aqueous 
distillate from wood is called pyroligneou.s acid. It 
is tlie chief source of acetone, methyl alcohol, and 
acetic acid. When this acid liquid is neutralised 
with milk of lime and distilled, a crude calcinaft 
acetate remains behind in solution. The solution 
is evapomted, and the residue carefully heated to 
expel volatile organic matter; then the residue is 
distilled with hydrooblorio acid, and gives a crude 

37 
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acetic acid of abont BO per cent, which is used for 
many technical purpt^s. To obtain elacial acetic 
acid from the crude acid, it is neutralised with sodium 
carbonate, evaporated to dryness, fused, and distilled 
with strong sulphuric acid. The distillate is glacial 
acetic acid. See also Methyl Alcohol and Wood 
Spibit. 

Pyrolulte (Min.) Manganese dioxide, MnO,. 
Manganese = C3, oxygen 37 per cent. Ortho¬ 
rhombic, but usually pseudomorphous after other 
manganese ores. Colour, iron black. It is of import¬ 
ance in the making of bleaching agents. From 
Cornwall and many other localities in Fngland; 
from Thuringia, Moravia, etc. 

Pyrometer. Any instrument fur measuring tem¬ 
peratures above the range of ordinary thermometers. 
See Meascbembnt of Temferatcbe. 

Pyromorphite (Min.) A phosphate and chloride 
of lead, 3Fb,l’,Og. PbClj, It contains 60 to 80 
per cent, of lead phosphate and 8 to 10 per cent, 
of lead chloride. Hexagonal; in short prisms in 
various shades of green, yellow, and brown. It is a 
valuable ore when occurring in quantity. From the 
Cornish mines, Caldbcck Fell mines in Cumljerland, 
Lcadhills in Scotland, and many places abroad. 

Pyrones (Chem.) o-I*ybonb— 

CH-CO 

HC<^ g (also called Coumalin). 

' CH= -CH 


Is obtained when ethyl scetoaoetate is heated alone 
or by the action of pyridine on acetyl chloride. 
7-PyBOHB— 

.CH=_CHv 

oc /1 )0 


\CH===-CH^ 


Forms small white crystals, which melt at 32° and 
boil at 210° to 216°; very soluble in water; reduces 
Fehling’s solution; gives the iodoform reaction. 
When evaporated with ammonia it gives y-hydroxy- 
pyridine— 

CH-CH 

HO.C<^ >N. 


It is obtained by heating cbelidonic or comenic acids. 
Derivati\ os of y-pyrone are named by lettering the 
carbon atoms as shown above, or by numbetieg all 
the atoms which form the ring, starting with the 
; oxygen atom as 1. Mcconic acid, comenic acid, and 
; pyromcconic acid are y-pyrone derivatives. See 
! Mecosic Acid. Cbelidonic acid is y-pyrone-aa'- 
dicarboxvlic acid— 

COOU 
CIl—I’ 


A liquid; melts at 5°; boils with slight dtcomposhion I 
at 206° to 209°, but without decomposition at low j 
pressure.^; soluble in water ; soluble in alkalis form- ! 
ing salts of the acid, CHO. CH,. CH : CH . COOH; i 
smells like coumarin. It is prepared by distilling '■ 
the merourons salt of conmalic acid in a current of I 
steam, and extracting the distillate with ether. ; 
Derivalives: CoUMALic .Acid (a-pyrone-S-carboxylic : 
acid)— I 

CH-CO I 

HCc ' > O 


COOH 

It crystalii-ses in small needles, which contain one 
molecule <i£ water, which is lost at 1S0°; nmlt.s at 
220", wainied with alktilis it yields the yellow 
coloured salts of xanthoohelidonio acid (acetone- 
dioxalic acid); on reduction with hydriodic acid it 
yiel'is liydrochelidonic acid first, than normal pimelio 
acid— 

CH,. CII,. COOH 

H,C( 


C-—CH 
COOH 


CH,. OH,.COOH 


Is obtained by heating malic acid with concentrated | 
sulphuric acid or zinc chloride. Its alkaline salts ; 
ate jellow. Ammonia converts it (in the cold) to 
oxyuicotinic acid— 

CII-C. OH 

HC<^ >N 

C-CH 

COOH 

With hydrazine it forms pyrazolone— 

HN-N 

oc\^'cii 

CH, 

Dehi-dbacetic Acid (l-aceto-3-methyl-oy-pjTo- 
none)— 

COCH, 

CH-CO 

OC<" >0 

C--CH I 

L'H, • I 


Withammonia ityieldsy-oxy-ao’-pyridine dicarboxylic 
acid. Boiled with milk of lime it gives acetone an<i 
cah'ium oxalate. The acid occurs in celandine along 
with malic acid. It has been obtained artificially by 
condensation of ethyl oxalate and acetone by means 
of sodium ethoxidc— 




I /IT 

HU <„ 


C,HsO \ 

c,n,o-^o.cooc-u 

NaO / 

NaO s 

C..IT,0 -^C.COOCJI 

i;.;iJ,o // 


T-c.cooc,rr, 

OC\ 

\ OV.a 

~C. C00C,H. 


The product on acidifying irields xanthoohelidonic 
ester, which, on heating, loses water and forms the 
cbelidonic ester. Bentene Derivatives: Coumarin 
(q V.) is a benzo-a-pyrone. The Flavones (q.v.) are 
derivatives of y-benzopyrone. The Xanthones (q.v.) 
are dibenzopyrones. 
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PjrOBlaM(C%««t.) PTBOHHnS G, 

HC^ >0 

NC,H,:N(CH,),.C1 

forms shining green crystals soluble in water and 
alcohol with a red colour showing yellow fluorescence. 
It is used as a dye for cotton (mordanted with tannic 
acid), wool, and silk; the shade is bluish red. It 
is obtained from dimethylmeta>amidophenol (from 
dimethyl aniline and fuming sulphuric acid, ^ving 
the metasulphonic acid, and fusion of the latter 
with caustic soda) by condensation with formsdde* 
hyde, yielding dihydroxjrtetramethyldiamidodiphenyl 
methane, which loses water with strong sulphuric 
acid, forming the leuco compound, and this on 
oxidation yields the dye. PrnoNiNE B is the ethyl 
derivative. 


Pyrope {Min.) Magnesium aluminium garnet. 
See Gabket. a garnet of deep crimson colour, 
usually occurring in angular fragments. It is used 
as a precious stone, and is often cut en cabockon. 
The chief localities are Ceylon and Bohemia. 


CH, 


Pyrotartavic Acid (Ckem.), CH.COOH (methyl 


CH.COOH 

succinic acid). White solid crystaui.sing in groups 
of small prisms. Melts at 112°*; soluble in water, 
alcohol, and ether. Quickly heated to over 200’, it 
yields an anhydride; but on keeping it just over 
kK)” it gives butyric acid and carbon dioxide. It. 
contains an asymmetric carbon atom, and can be 
resohed into its components by strychnine, the 
dextro form separating first on crystalli.sirtion. It 
is prepared by heating tartaric acid till fumes are 
evolved, then mixing with its own weight of ix)wdered 
pumicestone and distilling (nine hoars); the dis¬ 
tillate is extracted with water, separated from oil, 
evaporated and crjstallised from dilute nitric acid. 
It can be prepared by heating pyruvic acid; also 
synthetically from the ethyl ester of /S-brombutyric 
acid by heating with potassium cyanide and hydro- 
Irsing the nitrile so formed: 

• CH, CH, CH. 

CIlBr CH.CN CH.COOH 

CIl,COOH,n, CH,COOH,Us cii,coon. 


Pyrotrltario Acid (Ckem.) 

COOII 

C-^_^C.CH, 

>0 

HC-==:^C.CII, 

(Uvio acid: aa'-dimethylfurfarane-^-carboxylic acid). 
A white crystalline solid (needles). Melts at 136“; 
slightly soluble in cold water, more soluble in hot 
water, very soluble in alcohol and in ether. Heaterl 
alone it gives oa'-dimethylfnrfurane; heated with 
water at 160 to 160° it forms acetonyl acetone. See 
Diketones. It occurs among the products of the 
dry distillation of tartaric acid; it is also funned 
when pyruvic acid (g.v.) Is heated with anhydrous 
sodium acetate and acetic anhydride at 140°. 
Synthetically it can be made by the action of mono- 
chloiaoetone (from acetone by the action of chlorine 
in presence of calcium carinate) on the sodium 
compound of ethyl acetoacetate, forming ethyl 


aeetonylaoetoacetate, which is then treated with 
concentrated hydroc^orio acid to take away t^e 
elements of water: 


CH,.C0 CO.CH, 

I + I 

CHNa CHjCl 
COOC, Hj 


OH,. CO CO.CH, 

I I + NaCl 

tR -CH, 

COOC,H, 

Ethyl acatonylacetoacetate. 

CH,.C.OH HO.C.CH, 

- H.,0 - 

C-CH 

C00C,H4 

Ethyl aeetonylaoetoacetate 
(Tautomme foim). 

O 

CH,. . OIL 

II II 

C-CH 

C!OOC,Hi 

Pyroxene {Min.) This term now includes as one 
species several rock constituents formerly regarded 
as different. They arc normal metasilicates, chiefly 
of (alcium and iron or magnesium, and are mono- 
symmetric. Bt^mc varieties contain aluminium, as 
does one of the best known members of the seiies, 
Augite. In colour the Pyroxenes usually range from 
light to dark green. 

Pyroxylin ( Chem.) A mixture of cellulose nitrates, 
vis. the trinitrate, tetraixitrate, and pentanitrate, 
C„H,KN0,),0„ C.,H,.(NO,)A, C„Hu(N0j),0,. It is 
made by immersing pure cellulose (pnnfied cotton 
wool) in a mixture of sulphuric acid (five volumes 
sp. gr. 1-84) and nitric acid (four volumes sp. gr. 1‘38) 
for about ten minutes at a temperature of 65“ to 70°, 
then thoroughly washing the product. It is an 
amorphou.s white solid, soluble in a mixture of 
alcohol and ether. This solution is called Collodion 
{g.r.) See alto Celluloid. 

Pyrrhotine (Afj«.) Sulphide of iron, FeS. Iron = 
60'6, sulphur = 39’5 per cent. Hexagonal, but usually 
massive; in brownish masses, with an uneven fracture, 
metallic lustre and often bronzy tarnish. It is mag¬ 
netic, and hence is sometimes called Magnetic Pyrites. 
Sometimes it contains enough nickel to constitute 
a source of nickeL Widely distributed, but usually 
in small quantities, and most commonly in connec¬ 
tion with metamorphic limestones. 


Pyrrole 

1‘yBBOLE ; 

and some 

of its derivatives {Chen.) 

HC- 

-CH 

HC-CH 

'1* 

.11 

11 

r 

|3 

HC 

all 

CH 

HC CH 


KH NH 

A colourless liquid; boils at 130”; sp. gr. at 12’5% 
0-976. Slightly soluble in water; very soluble in 
alcohol and in ether; insoluble in dilate alkalis. It 
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emclls like chloroform; turns brown on exposure to 
air; its vapour tnms a pine shaving dipped in hydro¬ 
chloric acid a red colour—^many of its derivatives, 
c.g. those from 1:4-diketone8 (y.f.). hremopyrrole, 
indole (<?.».)» carbazole ((?.».)> f'*'® same. Pyrrole 

dissolves in dilate acids, and on warming the 
solution, or allowing it to stand, an amorphous red 
substance called pyrrole-red separates; strong acid 
resinises pyrrole; if the solution in fairly strong 
hydrochloric acid be neutralised with ammonia, 
filtered, and the filtrate extracted with ether, a poly¬ 
mer called tripyrrole is obtained—a white crystalline 
solid which gives indole wben heated at 30(P : 

HC-CH - HC-C'll -HC-Cll 

I II If- 

HC CH-IIC CH-IIC Cll 

X/ X/ 

KH Nil NH 


acid. When pyrrole is reduced by zinc dust and 
hydrochloric acid (the pyrrole is added ^dually 
with shaking, and the strength of the acid is gradu¬ 
ally increased), not over 25°, 1 *ybboltnb is formed— 
a colourless liquid which boils at 90°, fumes in air, 
and is very hygroscopic: 


HC— 

-CH 

11C=: 

=.CU 

II 

f 

+ 2U - 


HU 

CH 

ll.,C 

CH, 


\/ 


XII XH 

When reduced by hydrioclic acid and phosphorus at 
210'’ 10 250°, pyrrole yields PykboudikB: 

II./?-CHs 


II,r-Cll, 


HC=^=CII- 


IIC=C1I- 


-C 


CII Tl('- 

! 'i 

j * 

CII HC 


-CTI 


+ XH. 


CH 


' X X/' 

xir xiT 


Metallic potassium dissolves in pyrrole with evolu¬ 
tion of hydrogen, forming a white crystalline solid, 
potassium pynole, C,I1^XK; the same substance is 
obtained by boiling pyrrole with solid cau.stic potash. 
Sodium acts far more more slowly. The potas.sium 
compound is important, because thu [mtassium is 
replaced by alkyl groups when warmed with alky] 
luilogcn compounds; also liecanse it yields pyridine 
when heated with methylene iodide, and /j-chlor- 
pyridine when heated with chloioform: 


HC-CH 

ii ;'! 

HC Cll 



\/ 


XK 




\ 

HC 

CC’l 

1 

HO 

1 

(T1 


X 


+ CIICI, 


IICl + 


KCl 


which is a colourless li<juid, boiling at f<7'', and 
closely resenibling piperidine in its properties; c.g. 
it smells like it, and is a strong base, and it can 
be obtained by lieating the hydrochloride of tetra- 
incthylene diaiuiuit (putrcscine). Tyrrole occurs in 
coal tar, in bone oil, and in shale oil; it is among 
the pro<1ucts obtained by the drj’ distillation of 
gelatine and of iiieinatin. Jt.s chief source is bone 
oil. The oil is distilled and shaken with dilute acid, 
to remove strongly ba.sic substances, then fra<Aion- 
ated. and the fraction 9s“to 1 r>U° collected separately ; 
tins fraction is boiled with solution of caustic potash 
under a rellux condenser, to hydrolyse nitriles; it is 
again fractionated, collecting separately the 115° to 
130’ fraction; this fiaclion is heated with solid 
caustic poia''h (powthsr) under rellux condenser; 
j-otas-ium j>yrrole is formed; filler. j)ress. di.-.sohe 
ill water, and di.>,til with steam; separate distillate; 
dry over solid caustic soda; redi>til. Pyirolc can 
be obtained from the ammonium sislt of inueic acid 
(y.r.) by di.stilling it alone, or, bettor, with addition 
ol trljcerine at 200''. It can be obt.'iined from snecin- 
iuiide («?«• brlotc); an<l by passing acetylene and 
ammonia through a redliot tube tprolxthlc origin of 
jiyrrole in coal tar); by heating its carboxylic acids; 
and ill other wa\H. For its homologues, see belmc. 
iJcri rati vex: Pyrrole derivatives are named by 
numbering or lettering the elements which form the 
ring, as shown above, then indicating the po.sition 
of the substituting elemont or group by the jiroper 
number or letter, and naming the substituting group. 
Examples below. The following names are also 
eiui>loycd: 


Water debompose.s potassium pyrrole into caustic 
pota.sh and pyrrole. With hydroxylamine pyrrole 
gives the oxime of succinic aldehyde. Many pyrrole 
derivates behave in a similar way: 

HC=:__.CH 


H/;— 

—CH 

1; 

IIC--=( 

1 

I].,c 

|l 

till 

lljC ( 

XX 

XX 

.VII 

Nil 


> NH + 2HjNOn: 


11C==CH 


IT 


H,C- C :N01I 


As-pyrroline. Aj-PyrroUne. 

Ste Nomenclatukk. 

Derivatives of both pyrrolines are known; but only 
A,-pyrroliue Las been prepared above). 


+ NH, 


C-C: XOII 

H,0 C 

11 

\ / 


When pyrrole is heated with ammonium carbonate 
solution at 1.30° to 140°, it yields pyrfole-a-carboxylio 


XII 

PyrtuUdine. 
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When in the pyrroUnes or in pyrrolidine a CHj group 
becomes a CO group, the new compound is called 
respectively a pyrrolone or ketopyrroline, a pyrxoli- 
done or ketopyrollidine. Examples below. Maiogen 
dericativet: TBTUACHLOBpyBBOLE is an unstable 
solid; melts with decomposition at 110°, It is 
obtained by the' action of chlorine cn an alcoholic 
solution of pyrrole, or by the action of sodium liypo- 
chlorite on pyrrole. Acted on by potassium iodide 
it yields iodol. Tetuiodopyebole (see lopoL). 
JSoptologvfg of Pyrrole: General reactions for the 
preparation of these arc; (1) Action of ammonia 
on 7 -diketoueB l»ee Dl ketones), or on their acid 
derivatives; in the latter case carboxylic acids arc 
formed, and these on heating with quicklime give 
the hydrocarbons. HxanipU; The sodium compound 
of ethyl acetoacetate wlson treated with iodine 
yields diacetyl succinic acid liiKETONiS); this 
acid is the ilicarboxylic acid corresponding to the 
1: 4-diketone acetnnyl acetone. With ammonia it 
yields (working with its ester) 1:5-dimethylpyrrole- 
3; 4-dicarboxylic acid ethyl ester; 


CH,. C===t’. COOC^I, 


on 

on 


+ NH, = 


I I 

CH,. . COOC^Hj 


CH,.C>^C.GOOC.,n; 
CIl,. C=C. COOCjHj 


+ 2 n.,o 


CH,.CO 


CO.CH, 


CHjCl NaCH 

COOCjHs 

CH,.C.OH C. 0H.cn, 

I + Naa 

CH-C 


COOC,Hs 
Eno] form. 


n 

N 

HH 


H 

N 


CHj.C.OII HOC.CH, CH,C CCH, 

= j II + 2H,0 

IIC- 


IIC- 


-0 
C00C,H 




-C 

COOCJJ, 


Other 7 -ketonio acid esters and other monochlor- 
ketoues can be used in this synthesis; also the 
ammonia can be rejdaced by an amine. A deri¬ 
vative of pyiTole-a-carboxylic acid called pyrocoll. 


COq )>C0, is obtained by the distillation 

\C,H,X / 


of gelatine. Pyrroline derivatwe: Dihydboni- 
COTYEINB (»ce Nicotine) is a pyrroline derivative. 
Pyrrolidine derivatives : Nicotine ({.u.) is 1-metliyl- 
2-pyridyl pyrrolidine; a-PYBBOLiDiNE Caeboxyuc 


In this .synthesis, if a primary amine is used instead 
of ammonia, the N-alkjl homulogiics ma}' be ob¬ 
tained, (2) N-alkyl pyrroles may bo c)btaine<l from 
potassium pyrrole by the action of alkyl iodides, 
also by reduction (distillation with r.inc dust) of 
N-alkyl succinitiiides. These N-alkyl jiyrrolcs on 
heating are transfoimed into l-alkyl pyrroles. 
Example: 

HC=^-“=CH lUV—(’ll 

i > NK + CILI-KI-i- I > N.Cll, 

pic:==_-=CH iic-~-=cn 

no=-cir iic^-=o.cH, 

I > N.CII,-—- I >NI1 

HG=CII lie—cn 

;:-uiL<Uiyl lijirole. 

Although not strictly a homologuc, /3-pyrldyl- 
a-pyrnile may be rcferreil to here. Its preparation 
is given under Nicotine (i^.r.) It consists of white 
needles, melting at 72’; very soluble in alcohol, ether, 
and benzene; its solution lluori sces blue. IlA^MO- 
PYKBOLE (sett IIJiIMOULOBlN) is ail Oil With cluimc- 
teristic smell; sparingly soluble in water ; turns red 
on exjwsure to air. The colouring matter piodueed 
aj'pcais to bo identical with Dbobilin, Cab- 
BOXYLIO Acids: These are obtained by fusing 
pyrrole homologues with cau.stic potash; by tlio 
action of carbon ilioxide upon pota.ssium pyrrole; 
from pyrrole and its homologues by the action of 
alcoholic potash and (»rbon tetrachloride; synthcli- 
ually in scveial ways. Example: When monochlor- 
acetonc acts upon the sodium compound of ethyl 
ncctoncelatc and the product is treated with ammonia, 
the ethyl ester of 1 :5.diinetliylpyrrole-4-carboxylic 
acid is obtained. 


n..c-CH, 

Acid, jj j' |'ij COOH “ decomposition 

NH 

product of proteids. It has been found among the 
products of proteid hydrolysis by both hydrochloric 
acid and caustic soda. It was first obtained from casein 
(S-2 per cent.), ainl has since been obtained from the 
most varied proteids. As it contains an asymmetric 
carbon atom, it eau exist in a dextro, luevo, and 
raecinic form. The Isevo foim has a rotation 
[a]n = —46‘.'53° in hydrochloric acid solution; a-pyrro- 
lidiue carboxylic acid is a white crystalline solid 
which melts with foaming at 205°. It is soluble in 
water; has a sweet taste; decolorises alkaline, but 
not acid permanganate ; warmed with silver oxide it 
gives a mirror. It forms a characteristic copper salt 
wliich is sparingly soluble in cold water and easily 
soluble in warm water. The phenyl cyanatc com¬ 
pound is formed in alkaline solution, and melts 
about 170“ with foaming; with difticnlty soluble 
in water. The acid has been synthesised thus: 
trimethylene bromide (from allyl bromide ami 
hydrogen bromide) and ethyl sodium maionate give 
ethyl brompropylmalonate, which with bromine 
forms ethyl a S-dibrompropylmalouate : 

CHjBr. CII,.CH,CH(COOC,Hj), 

H,C-CH, 

H,CBrBr(i. (COOC,Hj), 

With ammonia the latter yields au amide which is 



PYB 


«62 


PYB 


converted by heating with hydioohlorio add into 
a-pyrrolidine carboxylic acid: 


H,C-CH, 




H,C—-CH, 


I 


HCl 


H,CBrBrC(COOC^j), H,C C(CO.NH^, 
HjC-CH, 


H.C C.COOH 

\/ 

NH 


Fischer has proposed the name Pboline for this acid 
for shortness. He lias combined it with alanine to 
form a “dipeptide” called Pboltlalanikb by 
acting on an alkaline solution of alanine witb the 
chloride of a d>dibromvaleric acid, and treating the 
product with ammonia: 

H,C_CH,Br 

I I + NH,c-^n 

H,C-CHBr. COCl ^ 

H,C-CHjBr + HCl 

I /-CII, 

n.,C-CHBr . CONHC <—U 

\coon 


HjC-CHjjBr 


I +nh. 

H,C-CHBr. CONII. C 


CH, 

H 

coon 


IIj,C-CHj 

I > NH (.JJ + 2HBr 

H,C-CH.CO.NHC<^-n * 

COOH 

Prulylalanine is a white crystalline solid, soluble in 
water, and gives a white precipitate with pbospho- 
tnngstic acid. 

CH.-CHCOOH 

Tbopinic Acid, | ]>N.CH, 

CH-CHCIIj.COOH 

(l-methyl'2-carboxypyrrolidine acetic acid) is a 
white crystalline solid. As it contain.s two asym¬ 
metric carbon atoms, it should exist in several 
forms, only three of which arc known—namely, an 
inactive form, a Imvo and a dextro form. The 
inactive form has been rcisolvod by cinchonine. 
Tropinic acid is obtained by the oxidation of both 
tropine and eegonine (tee Atbopimb and Cocaine) 
by means of chromic acid. The first product of oxida¬ 
tion in each case is tropinone, and this on further 
oxuiation yields tropinic acid. The acid from 
tropine is inactive, that from eogonine is dextro¬ 
rotatory. The laevo acid was obtained by resolution 
of the inactive acid. The dextro acid melts at 253°, 
the inactive at 250'’, and the bevo at 243°. The 
inactive acid is very soluble in water, and reduces 
ammoniacal silver on warming, forming a mirror. 
On oxidation with concentrated • chromic acid 


tropinic acid yields ecgoninic acid, then N-methyl 
snecinimide: 

CHCOOH H,C-CO 

>N.CH, I 

CH.CHjCOOH 

H,C-CO 

I )>N.CH, 

lIjC-CO 

N-metbyl lucdaimide. 

SocciNlMlDES are 2: S-pyrrolidones (or 2; &>diketo- 
pyrrolidines). Buccinimide itself crystallises in 
colourless plates with one molecule of water of 
crystallisation; melts (anhydrous) at 126”; boils at 
228”; soluble in water, the solution acting as an acid. 
Distilled with zinc dust it gives pyrrole. When 
reduced electrolytically, it gives 2-pyrrolidoDe. 
Its alcoholic solution, heated with sodium, gives 
pyrrolidine: 

H.,C-CO H,C-CO 

)>NH I ^ NH 

ILC-CO H,C-ClI.. 

BuccinioiidA. ' 2: ]>yTioUdoDe. 

H.C-CH, 

■| >SH 

H.,C-CH, 

I’yrrolidine. 

On hydrolysis witli au alkali it gives succinamic 
acid: 


H,C- 

—CO 

H.,C-CONH, 

1 

> NH + H,0 

= 1 

11,C— 

—CO 

H,C-COOH 


With bromine and an alkali it yields /i-aminopro- 
pionic acid. I'hosphorus pentaohloride converts it 
into dichlormaleicimi<lc chloride, 

CIC-CO 

I >NH 

CIC-CCl, 

and higher chlorinated pyrroles. Succinimide may 
be prepared by dissolving succinic acid in 26 per 
cent, ammonia, evaporating with constant siirring 
till the temperature rises to :W)0”, and distilling 
the product. On re-distillatiou a pure product is 
obtained. Homologues of succinimide can be 
obtained in au analogous way, e.ff. N-metbyl-succin- 
imide by boiling a solution of succinic anhydride 
with metfaylamine ; 3-metiiyl 2:5-diketo-pyirolidine 
(pyrotartaric acid imide), 

CHjCH-CO 

>NH 

H,C-CO 

by' heating its anhydride in a stream of ammonia. 

PypQS (Hofany). A genus of ifof'icsff*, including 
the apple (P. mahu), pear (P. eommunu), quince 
(P. eydonia), and medlar (P. gerwaniea). 

Pyruvic Icid (Chem.), Cflj.CO.COOH (pyro- 
racemio acid). A colonrless liquid. Uelts at 3°; noils 
at 165° to 170°, with decomposition into carbon 
dioxide and pyrotartaric acid ; but at a pressure of 
12 mm. it dis^s unchanged at 61°. It smells like 


^N.CH, 

-CH.CH„COOH 

Begoninio add 
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acetic acid; it i> soluble in water, alcohol,and ether. 
On account of the ketone group it shows the re> 
actions of a ketone, e,g. it is reduced bj zinc and 
dilute sulphuric acid to lactic acid, CH.CHOHCOOU. 
Phosphorus {^tachlorido converts it into a-dichlor- 
prqpionio acid; with hydroxylamine it yields an 
oxime; with sodium hydrogen sulphite it yields an 
additive compound; with hydrocyanic acid it gives 
a nitrile; with phenylhydtazine it yields a hydrazone 
which on being heated with hydrochloric acid gives 
B'indole carboxylic acid: 


CH, 

C:N.NH.C,Hs’ 

6ooh 


/CHv 

COOH 


Boiled with baryta water it yields pyrotartaric, pyro- 
tritaric, and uvitic acids (see these'). Pyruvic acid 
reduces ammoniacal silver nitrate, being oxidised to 
carbon dioxide and acetic acid. Heated with dilute 
sulphuric acid at ir>0°, it gives carbon dioxide and 
aldehyde. The acid is prepared by distilling pre¬ 
viously fused tartaric acid and fractionating the 
product, or by distilling a mixture of tartaric acid 
and acid potassium sulphate. Synthetically it is 
formed by hydrolysing acetyl cyanide, CH,COCN 
(from acetyl chloride and silver cyanide), with 
hydrochloric acid. 


Q. q. A symbol often used for Quantity, especially 
a Quantity of Electricity. 

Quadrangle {Arehitect.) A square or rectangular 
court surrounded by buildings. 

Quadrant. (1) The part of a circle bounded by 
two radii at right angles to each other, and by the 
arc of the circumference lying between them; one- 
fourth of the area of a circle. (2) An iastrument 
re.scmbling the Sextant {q.v.) 

Quadrant Electrometer (^JSlect.) See Electbo- 

METEU. 

Quadrant Plate (.Eng^ A plate binged at the 
end of the bed of a screw cutting lathe, the axis on 
which it turns being the end of the leading screw, 
it carries the change wheels used in screw cutting. 

Quadrats (.Typog.) Metal spaces or blocks of 
rectangular shape, used for spacing, and especially 
for filling up short lines. Quadrats .stand lower than 
the face of the adjoining type, and are of various 
sizes. See under Type. 

Quadrature {_Axtrm.) Two heavenly bodies are 
said to bo in qu^rature when there is a difference of 
longitude of 90° between them. 

Qu^ripartlte Vaulting iArehitect.) A form of 
vaulting in which the vault over each rectangle is 
divided into four parts. It is formed by the inter¬ 
section of two barrel vaults, and is also known us a 
four part vault. See Gboiked Ya0lt and SBX- 
PABTiTH Vault. 

Quadruple Expansion (Eng.) llio expansion of 
steam in four successive cylinders of an engine. It 
is doubtful if this method has any great advantage 
over Tbiple Expansion (q.v.) 

Qnadruplet (Cycles). A form of bicycle propelled 
by four riders, seated one behind the other. 

QnadrnplexTelegraphy (Elect.) Thesimnltaneons 
use of a tmegraph mrcuit for four messages, two in 
each direction. 


9<uiigh (Areheeol.) A shallow wooden or metal 
drmking vessel generally with two bandies, at«ne 
time common in Scotland. 

Quaker Blue (Dec.) A dull bine made by adding 
black to Prussian blue and lightening up by means of 
a little white. 

Quaker Drab (Dee.) A greenish grey shade 
obtained by mixing five parts of white with two parts 
each of medium chrome yellow and chrome green. 

Quaker Greene (Dee.) A series of somewhat 
sombre, greyish greens, having no definite composition 
or shade. The term is variously applied for trade 
purposes, generally in contradistinction to the bright 
greens such a-s Brunswick, chrome, emerald, etc. 
The following mixture gives a ty|)icid Quaker green, 
one part each of medium chrome yellow, Venetian 
red and blue black, and three iiarts of chrome yellow. 

Qualitative Analysis (Chem.) The method of 
proceeding in order to ascertain the nature of an 
unknown element or compound, or of a mixture of 
these, (a) Inorganic: If the substance is a solution, 
a j>art is evaporated. The solid is heated to see if it 
changes colour (e.g. zinc compounds are yellow while 
hot), if it sublimes (arsenic, mercury, ammonia com¬ 
pounds), if it gives off a gas (many nitrates give 
off nitrogen peroxide, etc.) The solid is then heated 
on platinum wire, moistening with hydrochloric acid 
to form if possible a trace of chloride, the chloride 
being the most volatile salt of a metal; charac¬ 
teristic colours are imparted to the fiame by sodium, 
potassium, and some other metals. A borax bead is 
made on the platinum wire, a little of the solid 
added, and the bead fused in the outer fiame; cobalt 
gives a blue bead, manganese an amethyst coloured 
bead, and so on. A portion of the solid may be 
mixed with sodfum carbonate and potassium cyanide, 
as this mixture when heated in the blowpipe fiame on 
a piece of charcoal reduces compounds of the easily 
reducible metals to the metallic state, e g. tin, lead, 
bismuth, etc.; then the metal itself can be examined. 
The action of acid is tried, e.g. both dilute and con¬ 
centrated sulphuric acid, first in the cold, then on 
w'arming. Many salts, oxides, and metals give off 
gases which can be readily recognised, e.g. a chloride 
gives off hydrogen chloride, a carbonate carbon 
dioxide, and sn on. If the original substance is a 
solid, it must now be dissolved, in water if possible; 
otherwise suitable acids are tried. If the substance 
will not dissolve, the chemist knows that it can only 
c mtain a few substances, such as silica, alumina, 
barium sulphate, etc.; he then proceeds to make it 
into a soluble compound by fusion with sodium 
carbonate or acid potassium sulphate at his dis¬ 
cretion. The examination of the solution is in 
o'ltline as follows; add hydrochloric acid: silver, 
lead, mercurous compounds are thrown out as 
chlorides; any precipitate is filtered off. To the 
clear liquid sulphuretted hydrogen is added; it 
precipitates the sulphides of those metals which 
form sulphides insoluble in dilute hydrochlorio 
acid, pis. lead, divalent mercury, bismuth, copper, 
cadmium, tin, arsenic, antimony. Most of these 
sulphides have characteristic colours ; any preci¬ 
pitate is filtered off. To the clear liquid ammonluin 
chloride and ammonia are added, and more sul¬ 
phuretted hydre^en ; this mixture gives us sulpiudes 
of metals which are soluble in dilate acid but 
not soluble in ammonia, also the hydroxides of 
aluminium and chromium and certain phosphates; 
any precipitate is filtered off. To the dear liquid 
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ammonium carbonate is added, calcium Imrium and 
strontium are precipitated as carbonates; any pre¬ 
cipitate is filtered off. To a part of the clear liquid 
sotlium phosphate is added; this gives us magnesium 
as ammonium magnesium phosphate. The rest of 
the clear liquid h evaix>rateti to dryness and strongl}' 
heated, when only sodium and potassium compounds 
remain. The reagents addetl above are called Grmtp 
Reagent*, and they must be added as long ns tlicy 
produce a precipitate. All tlie precipitates are then 
examined separately by suitable methods to ascertain 
what metals of the group are present. When this 
has been done the analyst knows what metals arc < 
present, and this gives him valuahle information as j 
to the acids that may be united with them. The 
procedure for ascertaining the acids i» Jess systematic: 
the actimi of sulphuric acid before mentioned gives 
valuable information; tho solution, properly pre¬ 
pared and treated with barium nitrate and silver 
nitrate respectivelj', gi\es further information, and 
the analyst's knowledge and discretion decide the 
remaining operations. (b) Organic: The <'oiu- 
ponent elements must be ascertained; carbon and 
hydrogen, by lieating with oopiwr oxide, which 
oxidi.ses any organic compound to cJirbou dioxide 
and water; nitrogen, by heating with sodium, which 
forms sodium cyanid.e with any organic substance 
containing nitrogen ; if a cyanide is formed it can be 
detected by converting it into Tnissian Blue (</.»*.); 
sulphur, phosphorus, au<l halogens, by heating with 
nitric ac;d in a sealed tube, when these eh'tnents are 


can bo filtered off, washed till free from excess of the 
precipitant, dried and weighed. Thus, to estimate 
the copper in a solution of copper sulpliatc, a weighed 
amotmt of the latter is taken, dissolved in water, a 
i slight excess of caustic soda addetl to the hot solu¬ 
tion so as to form hydmtod copper oxide, which is 
filtered off, washed, dried, and ignited so as to form 
eoplDor oxide, which Ciin lie weighed: the composi¬ 
tion of eop{ier oxide being known, it is clear that we 
should then know tho proportion of copper in the 
original sulphate. For the method of Volumetric 
analysis see Voiatmetbic Analysis, 

Qaaquaveroal {(ieol.) An unusual t^pe of in¬ 
clination of strata in which tho rocks dip outwards 
in all directions from some particular point, so that 
they form a series of domes or inverted basins over 
one another. Ttic correlative term Cgntkocunal 
Dip is employed in describing the opixtsite arrange¬ 
ment, in which tho strata are inclined inwards towanl.s 
a eoutral point. This latter ariaugemcut often occuts 
in volcanic necks. 

Quarrel {Architect.') (1) A small, square, or 
diamond shajied piece of glass. (2) A similarly shaped 
brick, tile, or stone used in paving. 

Quarrel! {Arms). A short-, thick, square headed 
arrow or bolt used with the crossbow, tkic also 
Holt. 

Quarry. An open pit or excavation from which 
stone and other materials arc dug. 


converted re.-pectively into sulphuric, i.<lio.->pl!Oric, 
hydrochloric, etc., acids, and these ctiu be ea.sily 
detected. The im-lliiig and boiling point .-hould bo 
taken next; if the.se are constant the ."ulistantc is 


- {Architect.) See QuAHUEl,. 

Quart. <SVc Weiijiits AND Measckes. 
Quarter. .''Vc M'ekjhts and ME.vst'BEis. 


probably a pure conji>oimd. if not it is a mixtuic. ; 
The substance must now be exainjiied :is to its class ' 
b> making use of rcaction.s suitable to the iletection 
of a hytlrocarbon, alcoliol, tildehyde, ketone, acid, 
amine, amide, etc. Tl is being done, tlie melting 
point or boiling point will usually .settle wiiat par¬ 
ticular alcohol, etc, it is. If the .sub.itaiice is a 
mixture, there is no metlio i appUcahle to every 
case, and tho anahst must be guided by hi', know¬ 
ledge of the Source of the substance and by any ’ 
information he can glean from its chemical Ixjliiivioiir. 
Thit.s, if an anaJjst were given a piocc of pitch to 
analyse he would not return a list of compounds he ■ 
bad extracted from tl;o pitch—that would mean a 
long research; he would return the eon->tituont 
dements, and perhaps state what iiaetion of the . 
Xatch was soluble in a paiticulur .solvent. In any 
aDaly.si3 a substance which lias no staking reaction, 
and is present in small quantity, may ea'-ily be | 
missed; thu-s air had been analysed thou.sands of ; 
times, both qualitatively anti f{iiaiilitativc]y, before 
Kayleigh and Ramsay dl.NCOv ered argon in it, altliongh | 
ibis element forms nearly 1 per cent, of air. i 

Quandel. The central stake round wliich wood is I 
arranged in forming a Meilek, i.e. tho basin siiaireil ! 
stack in which the wood is piled by charcoal berners. j 

Quantitative Analysis {('item.) Hie determina¬ 
tion of the proportion by weight of any substance j 
or substances contained in the material to be ; 
analysed. Before a quantitative una1ysi.s can lie j 
made a careful qualitative analysis must have been \ 
marie. Then only can a method for a quantitative j 
analysis be chosen. The analysis may be tlravl- 
metric or Volumetric. In a Gravimetric analysis 
the substance to be estimated is converted into an 
insoluble compound of known coifipositioii, which 


- {Her.) The canton {tj.r.) now takes the 

[ilacc of the quarter 

Quartered (//f-r.) I)i\ided. yanrt'm’y .* llivuled 
into four quarter.^ or into more than four .sections. 
A lichi may be quarterly of six or t'f eight, etc. 

Quartering {Carj>.) X tcni’ generally applied to 
.-.tnj)s of timber produced by cutting deals {g-v.) inttt 
four. 

Quarterings (Her) Several coats of arms 
bla/.oiietl on one shield cither iu four equal quarters 
or ill a gteafer uiimbtT of sections, according to 
the number of coats it is necessary to include. Tlie 
.sections ate niways equal in number, the princix>al 
coat being le-peated if necessary. 

Quarternary {Geoi.) The geological formations 
of jo.ter ditto than tliat of tho Pliocene J*erio<l. 


Quaternary Ammonium Compounds {(’hem.) 
Coinpouiids of tho type 

N.x. 

K'-y 


where R,, K^, Rj, Rj, are radicals joined to the nitrogen 
atom by carbon, and X is a hydroxyl group or a 
lialogcn. E.g. ItenzylpLenylallylmethylammonium 
iodide. 




The quarternary ammonium hydroxides are powerful 
bases acting like caustic soda or potash; they absorb 
carbon dioxide from tho air and neutralise tho 
strongest acids, forming well crystallised salts. They 
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nro obtained from amines by the action of alkyl 
iodides or bromides; this gives the quaternary 
ammonium iodide or bromide which can be decom¬ 
posed by moist silver oxide. £.g. the above com¬ 
pound can be obtained: (a) from methyl aniline by 
the action of benzyl chloride upon it, yielding methyl- 
benzylnniline, 


N^CilCeH, 


Quarter Partition {Build.') A lath and plaster 
partition. 

Quarter Plate (Photo.) A plate measuring in. 
by in. 

Quarter P^amid (Min.) One of the four pairs 
of faces making up a i»yramid form of the Tricliuic 
System. 

Quarter Rip Saw (Carji.) Another name for a 
Hand Saw. Soe Saws. 


and then acting on this compound with allyl iodide, 
yielding 


. CH, 


IN 


CHjObHs 


(h) from aniline by the action of allyl iodide (in the 
cold), forming 

/CJI. 


acting on the allyl aniline with benzyl chloride 
forming benzylalhl aniline, 

' CJIi 

^ 011 , 0 , 11 * 

and acting on the latter with methyl iodide, yielding 
.CH, 






Although the iodides so prepared have the same , 
clteraical composition, they dillcr wideh in physical 
propeitics : e.if. in melting pcjintfdis.sociationpuint), 
si)ecitic gravity, cry-stalliiie form—they are i.'>oinoric. 
Tlie chloroidatinate of metliyhJietliylisobutyl- ! 
ammonium exists in two Lsomeric forms. Various 
exiilaiiation.s of this kind of isomerism have betui ■ 
ad\anccd, but none is eoiupletoly satisfaetoiy. 'Jhc ' 
isomeri.suL does not occur with simple radicals ; t hu'- i 
trimethylisobutyluinmomum salt.s show isomerism, ' 
but trimcthylproj)ylamn)onium salt.s and dimethyl- i 
(lielliyLuminonium salts do not show isonuTism. 
When tliefourorganic radicalsattachedtothe nitrogen : 
atom are all diderent, the cumpunnd can be rcsohed ; 
into dextro-rotatory and Imvo-iotatory forms; thus 
a-lwu/.ylphenylallylmcthylaiumonium hydroxide (the , 
coin|ionnd prepared by method a given abo\e) can ; 
h(! resolved by means of <i-eainphorsulphonic acid 
into its optically active components, the dextro : 
rotatory ammonium comi)Oun(l <if the sulphonic acid 
being less soluble than the Imvo-rotatory compound. 
As quaternary ammonium cum[auinds arc considered ' 
those compounds where two of the four radicals | 
it,, II.^ Itj, K,, are replaced by a ring; f.g. 

pi, CH, 

H,c/ ^N(CU,),OH 

OIL CH, ! 

A general property of this kind of com|K)uud is that | 
they are easily converted, for example by distillation, 
into open chain compounds. Thus the dimethyl- 
piperidinium hydroxide of the above formula gives 
A,-pentenedimcthylamine, 

CH,; CH. CH,. CH,. CH,. N(Cn,), 


Quarters of the Moon (Astron.) Wlicn only one 
hall' of the illuminated portion of the lunar surface 
is visible. There are first and last quarters. 

Quarter Space Lauding (Build.) A landing 
wliose width is equal to that of the gtairg only, as 
distinguishecl from a IlALi' Space I.andikg which 
extends the full wiflth of the staircase. 

Quartet, Quartett (Music). A composition for 
four voices or iiistiumcnts. A string quartet is a 
musical composition for four stringed instruraent.s, 
generally two violin.s (first and second), viola, and 
violoncello. The family of “strings,” riz. violin, 
viola, violoncello, and double bass, is sometimes 
spoken of as the quartet of strings. 

Quarto. In printing, etc., .1 sheet which when 
folded makes four leaves. In the smaller i-izes 
the height and breadth are nearly the same. 
Abbreviation, Ito. 

Quartz ( (icoJ.) A rock constituent of considerable 
importance, ll occurs (1) as a primary mineral of 
the acid emotive rocks, (2) as a mineral of secondary 
origin due to the decompo.sitiun of silicates, (S) in 
the form of veins, (4) as a derivative mineral, e.g. in 
the form of quartz ixibbles or quartz sitnd. Quartz is 
cliaractcristie of rocks of terrigenous origin, i.e. it is 
absent from oceanic deposits. 

- (Mill.) Silicon dio.vide, WOj. Silicon = 40-67, 

oxygen = Kliomboiiedral. Ti-ansp-irent to 

opaque. I’lirc Quartz is colourless, but it is fre¬ 
quently colouretl by various impurities, appearing 
brown, red, yellow, green, violet, etc. It is a mineral 
of tlie widest distribution, occurring both as a rock 
constituent and in veins. Quartz veins or “ reefs '* 
are often of great size, and are the commonest 
carriers of gold in gold bearing districts. Quartz is 
frequently found in gangue metal in mettilliferous 
veins. 1‘nre Qu.artz of the variety Hock Crystal is used 
for the manufacture of spectacle lenses under the 
name •* pebble, ’ and more recently for light treatment 
in Medicine. I’ure Quartz sand is used in the manu¬ 
facture of the soluble silicates of sodium and iwtas- 
siuui known as “ water glas.s,‘' and also for many 
other industrial purposes. The chief varieties of 
Quartz arc Uock Crystal, .\mcthyst, Smoky Quaitz or 
Cairngorm, Aveuturiue, Cat’s Eye, and Ferruginous 
Quartz. Chalcedony, which is often classed with 
Quiirtz, is really a mixture of anhydrous and hydrous 
silica. 

Quartz Fibres (Phys.) Fine fibres produced by 
rapidly drawing out a piece of quartz when fused in 
the oxyhyilrogen fiame. Tliese fibres can be made 
thinner tlxan any natural fibre (e.g. unspuu silk), and 
on account of their strength and elasticity are used 
in very sensitive galvanometers, electrometers, and 
otlier instruments containing moving parts which 
require delicate suspension. 

Quartzine (Min.) See CHAtCKDONir. 
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Quartcite (&eal.) A very hard rock, originally 
consisting of dean quartz sand, which, as a result 
of later causes, has ^en compacted by the deposi¬ 
tion of secondary quartz between, or on, the grains 
of sand. The depositing agent has been water 
containing the silica in solution, in most cases at a 
moderately high temperature, and obarged with an 
alkali. Impure quartz sand, under the operation of 
the same causes, passes into greywackg {r/.v.) 

QnartacNW. Consisting of or containing a large 
percentage of quartz. Thus there are quartzose 
gneisses, quartzose schists and quartzose rocks of 
deiivative origin. 

OoartK Po>]ph]rry ( Oeol. ) An eruptive rock of acid 
compositnm, in which blebs of quartz occur in a 
stony or litboidal ground mass. Potash felspar is 
usudly present. 

Quartz Trachyte ( Geol.) A synonym of Liparite 

Quasi iMutie). As if; somewhat; in the style of; 
as quasi allegro, somewliat cheerfully; quasi sonata, 
in the style of a sonata, i.e. in irregular sonata form. 

Quassia (Botany'). The wood of the West Indian 
trees Picrasma exceUa, Quassia amara (order, SiMa~ 
rubacea), furnish the Quassia wood. It is used as a 
bitter tonic. 


Quatrefoil (AreMteet.) A ensped opening in 
Gothic tracery, formed with four foils or rpaces 
iKJtween cusps. See Cusp, Foil, Trefoil, Cinque¬ 
foil, and Multifoil. 

- (Her.) A plant with four leaves joined at a 

common centre, but without stalk. A figure formed 
of four leaves joined together at a common centre. 

Quattro Cento {Art). Literally 400, hut used as 
an abbreviation of 1400 (Cf Cinqi'ECENTO). A 
term applied to Italian art, architecture, literature, 
etc., of the fifteenth century. 

QuaveP (Musie). The name of one of the notc.« 
and rests. See Notes—Rests. 


Quebracho Bark (Botany). The bark of several 
American trees, e.g. Aspidosperma Quebracho (ordiT. 
Avocynaceee), is imported from Argentina; it con¬ 
tains a number of alkaloids, amongst them Aspi- 
OOiPERVlNE, and is used medicinally and in leather 
tanning. 

Queen Post (Build.) One of the vertical members 
of a queen post truss. Sec Roofs. 

Queens (Build.) (1) Roofing slates measuring 
30 in. by 24 in. (2) Queen Posts (q.r.) 

Quenching (Bug.) The sudden cooling of steel by 
plunging it into water when redhot, whereby it 
becomes extremely hard. 


Qnercetia (Chem.) 
Qnercite (Chem.) 


See Flavone. 
CHOU CHOH 

n,cO CHOU 
CHOH CHOH 


(Pentaoxybexamethylene). Forms colourless prisms; 
melts at 234°; shows strong triboluminescence ; sweet 
taste; soluble in water; less soluble in alcohol; in¬ 
soluble in ether. It contains four asymmetric carbon 
atoms and sliould exist in twelve active and four 
inactive modifications. It is only known in one 
form, which is dextro-rotatory. On heating over 2<:0‘’ 
qninone, bydroquinone, pyrq^ol, and other bodies 


: 

I 
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I 


I 
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sublime. It does not reduce Fehling's solution. On 
oxidation with manganese dioxide and sulphuric acid 
it gives quinone: with nitric acid it gives trioxy- 
glutario acid and mucic acid as well as oxalic acid. 
On reduction with hydriodio acid it gives benzene, 
phenol, pyrogallol, qninone, hexane, and hexylene. 
With nitric and snlpburic acids it yields a penta* 
nitrate. It docs not ferment with yeast. Quercito 
occurs in acorns, and is prepared from them. The 
acorns are extracted with cold water, the solution 
concentrated at 40° under reduced pressure, fermented 
with yeast to remove sugar, and treated with basic 
lead acetate; excess of Ica^ is removed from the 
filtrate by sulphuretted hydrogen, and the solution 
is now crystallised: it is purified by reorystallisation 
from alcoliol. 

Queroitrin ( Chem.) Ai gluooside. It is a yellow 
crystalline solid, slightly soluble in water; soluble 
in alkalis and in acetic acid. On boiling with dilute 
acids it is liydrolysod to rhamnose and quercetin. 
See also Flavonk. 

J neroitpon Bark (Botany). A North American 
, QmTcus tinetoria (order, Ouptiliferse), whose 
bark is used as a yellow dye. See Dyes and 
Dyeing. 

Quern (Arehieol.) A primitive form of handmill 
consisting of two circular stones, the upper one fitted 
with a handle; used for grinding corn and other 
substances. 

Queue (Jler.) The tail of an animal. 

Quick Curre, A curve of small radius. 

Quick Gear, etc. (Eng.) Any gearing which 
prtxluccs a more rapwl motion than the normal or 
working motion is often described as “quick.” 

Quicklime. Lime before being slaked; i.e. calcium 
oxide. Cad, as distinguished from the s.ame oxide 
wiicn combined with water, Ca(On)j, known as 
Sl-aked Lime. St^e Calcilti and Calcium Com- 

POITNDS. 

Quick Return (Eng.) Some form of mechanism 
in machine tools for causing the return stroke 
(during which the rutting tool is not acting) to be 
performed more rapidly than the forward or cutting 
stroke. 

Quicksilver (.Via.) See Mercury. 

Quick Vinegar Process (Chem.) The process for 
making vinegar from malt liquor described under 
acetic acid (q.v.) 

Quietamente, Quieto (Munir). Quietly. 

Quill (SUk Manvfae.) See PiBN. 

Quillaia. See Quillaja. 

Qnillaja or Quillaia (Botany). A South American 
genus of Rosacem. Q. Saponaria yields the soap 
bark of Chili, used in pliannacy. 

Quinaldine ( Chem.) Another name for a-METnYl> 
QuiNOLiNE. See Quinoline. 

Quincunx. An arrangement of five objects so 
that four of them occupy the corners of a rectangle, 
the fiftii being placed in the centre. A group of 
trees so arranged. 

Qulaie Acid (Chem.) C,H,(OH),COOH (Ilexa- 
hydrotetrahydroxybcnzoicacid). A white crystalline 
solid; melts at 1(12°; very soluble in water, less 
soluble in alcohol, nearly insoluble in ether; lievo- 
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rotatory. When boiled 'with vater and lead dioxide 
it gives hydroqoinooe: distilled with manganese 
dioxide and dilute sulphuric acid it gives quinone. 
It is reduced to benxoic acid by hydrl(^ic acid. It is 
the acid or one of the acids with which the alkaloids 
are united in cinchona bark. To obtain it the bark 
is extracted with 'dilute sulphuric acid, precipitated 
by milk of lime, filtered, and the filtrate evaporated. 
The residue is extracted with alcohol—calcium 

J juinate remains; it is purified by recrystallisation 
rom w’ater and decomposed by oxalic acid. 

Qalaiae (^Botany). Tliis important alkaloid and 
its salts are obtained from the bark (Peruvian bark) 
of various species of Cinchona (order, JluHaceas). 
See Cinchona. 

- (^Chem.) Forms white silky 

needles; where quinine is precipitated from solutions 
of its salts by ammonia and allowed to stand, the 
crystals contain three molecules of water; the anliy- 
drous quinine melts at 175®, the hydraled quinine 
at 67®; it is sparingly soluble in cold water (1 part 
anhydrous quinine in 1,9G0 parts of water at 16®); 
much more soluble in alcohol, ether, chloroform, and 
hot benzene. Quinine is Irevo-rotatory. It occurs in 
Cinchona Bark and in Kcmijia Bark. To obtain 
quinine the cinchona bark is boiled with dilute sul¬ 
phuric acid, the solution is precipitated with caustic 
soda solution, the precipitate is dissolved in rectified 
spirit, neutralised with sulphuric acid, and the alcohol 
distilled off; crude quinine sulphate crystallises out, 
it is purified by recrystallisation, being less soluble 
than the other alkaloid sulphates. From the sulphate, 
quinine is separated by ammonia or caustic soda. 
Salt$! Quinine is a diacid base, and so forms two 
series of salts—namely, basic salts, which have a 
neutral reaction, and normal salts, which have an 
acid reaction. In the following formulas B stands 
for one molecule of quinine. The neutral sulphahs 
B,H,S 04 HH, 0 , commonly called quinine .ssjlpliate, is 
the most imisortaut ssilt; it is a light, silky looking 
crystalline solid, sparingly soluble in water {1 part 
in 800 parts water), but reaiiily soluble in water con¬ 
taining a little sulphuric acid when it forms the acid 
sulphate; the solution shows a blue fluorescence. 
When the neutral sulphate is dis.solvcd in water 
containing one molecular proportion of sulphuric 
acid, alcohol added, brought to boiling, and treated 
witii hydriodic acid and iodine ( 2 HI + 41), there is 
deposited on slow* cooiing a lustrous green crystal¬ 
line (leaves) solid of the formula B 4 (H,lS 04 ),(IlI),l 46 , 
HjO, called Hcrapatbitc. This substance has the 
remarkable prop*;rty of polarising light about four 
times as strongly as tourmaline. The chlorides have 
the formulae B. 11C12II,0 and B2I10!.; they are more 
soluble than quinine sulphate. Many ol her salts arc 
known, but tho.se mentioned are the ones used in 
medicine. Thus tincture of quinine contains the 
hydrochloride, ammoniated tincture of quiniuc con¬ 
tains the sulphate, ammonia, and alcohol. Quinine 
solutions have a very bitter taste; they are used in 
medicine as stomachics and as a preventive and cure 
for malaria; they are also good antiseptics. Consti¬ 
tution : Quinine is methoxycinchoninc. Set'. CiNCHO- 
NiNB. It is a ditertiary base because it adds on two 
molecules of methyl iodide ; it is an alcohol, as it 
unites with acid chlorides and anhydrides to form 
esters ; it is unsaturated, as it adds on two atoms of 
bromine or a molersulc of hydriodic acid. When 
quinine hydrochloride is treated with phosphorus 
pentachloi'ide it yields a quinine chloride-—a hydroxy 
group is replaced by obloiinc. This chloride on boil¬ 


ing with alcoholic potash loses hydrogen chloride 
and forms quinine. Quinine when heated with 
phosphoric acid yields paramethoxylepidine and 
meroquioine : 


CH, 


CH, 

-00 

N 


CH. CH,COOH 
H,Cj'^»CH.CH = CH, 

HjCls^CH, 

NH 

Paramethoxylepidine. Meroqmniae. 

When quinine is oxidised with chromic acid, 
meroquinine is among the products; another pro¬ 
duct is quininic acid, which is the carboxylic acid 
corresponding to paramethoxylepidine (CH, changed 
to COOH). The constitution of meroquinine is fairly 
well established. On these grounds the formula for 
quinine is probably 



See Cinchonine. The formula there given is less- 
probable than the above. Quinine gives the usual 
alkaloid reactions. The best test for solution of its 
salts is the addition of a little bromine water followed 
by ammonia, when a bright green colour is produced. 
The blue fluorescence of the sulphate is very charac¬ 
teristic. 

Quiaol (^Chem.) Another name for Hydboqcinonk 
(?•»••) 

Quinoline iChtm.) 


CH CH 


•W" 


A colourless liquid; boils at 239®; it has a charac¬ 
teristic smell; nearly insoluble in. water, readily 
soluble in the ordinary org^ic solvents; it is a. 
strong antiseptic. It cceuts in bone oil and in coal 
tar, and is formed when certain alkaloids, e.<7. 
cinclionine, quinine, strychnine, are distillctl with 
caustic imtash. It is prepared by heating together 
aniline (38 gnus.), glycerine (12t) gmis.), concen¬ 
trated sulphuric acid (100 grms.), and nitrobenzene 
(24 grms.) The heating is done in a flask with 
reflux condenser; at first the temperature is kept 
for several hours at about 126®, then raired from 
180° to 200°, till all reaction is over Water is added 
and the product boiled to drive off excess of nitro¬ 
benzene. Caustic soda is now added till strongly 
alkaline, and the mixture is distilled in steam. 
Aniline is ] resent, and is removed by acidifying the 
distillate with sulphuric acid and adding sodium 
nitrite to convert the anUine to diazo-su^hate, -which 
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comerted to phenol on boiling. The liquid is now 
made alkaline and again distilled in steam, the dis¬ 
tillate is extracted with ether, dried over caustic 
potash, the ether distilled oif, then the quinoline is 
distilled over. This method of preparing quinoline 
is known as Skraup's synthesis, and the reaction is 
a general one. See below. Quinoline forms salts 
with acids, e.g. CjlI^N, HCl. This hydrochloride 
forms a double salt with platinic chloride; of the 
other salts the dichroraate, which is very ajiaringly 
soluble in water, is imiiortant, ^ It 

also combines with many salts, with mercuric 
chloride. As a tertiary base it unites directly with 
alkyl iodides, forming quaternary ammonium iodides, 
e.g. with methyl iodide it forms methylquinoliniiim 
iodide, CH,CjH,NCH,l. On reduction with zinc and 
hydrochloric acid it forms tetrahydroquinoline—tlie 
pyridine ring heing reduced; and when the tetra¬ 
hydroquinoline is reduced with hydriodic acid and 
phosphorus the benzene ring is reduced, forming 
decahydroquinoline, Cgll^jN. AVl]en oxidised by 
potassium permanganate in alkaline solution or in 
strong sulphuric acid solution the benzene ring is 
destroyed and a/J-pyridinedicarboxvlic acid is formed. 


CH CH 


CH 


Quinolinic ami. 

That quinoline lias the formula assigned to it is 
shown by Bkraup’s synthesis; in this the glycerine 
is converted into acrokiii by the sulphuric acid, and 
the acrolein condenses with tlio aniline : 




JLC = t'H 
I 

\n.. + OrCll 



The nitrobenzene acts as an oxidi.siug agent, furnish¬ 
ing oxygen, which unites with an atom of hydrogen 
adjacent to the nitrogen in the benzene ring and an 
atom of hydrogen from the methylene group, and thus 
brings about the ring formation. Another synthesio 
showing the constiiution comsists in condensing 
orlhoamidobeuzaldclndc with aldehyde in presi-ne,o 
of caustic soda, fonuing ortljoaniidooinnamic alde¬ 
hyde, which readily loses water and forms quinoline. 


.CHO Ifv 

+ 11 >C.CTIO = 
NH, 11/ 


a C'IIiClI.CHO 

+ 11,0 

NH, 



Quinoline deriratives are named by lettering the 
pyridine ring and numbering the benzene ring as 
shown in the formula for quinoline; then denoting 


the position of the substituent by its letter or 
number, naming the substituent and adding the 
name quinoline. I'osition 1 is sometimes called the 
ortho-position, 2 the meta-posltion, 3 the para- 
position, and 4 the ana-position with respect to the 
nitrogen atom. A nnmlicr of quinoline derivatives 
hare special names. Examples: 



N 


is a-METHYLQiriNonNB—also called Quinaloinb. 
7-Mbthylqitinoiane is called Lkpidibe {q.v.) 

coon 

I 

; N 

I 

I 

i is PABAMETHOXYQriNOLINE-7-CABBOXYUC ACIU ; 
: also called QciNixic Acid. See QuixiXE. Quino- 
1 line deri\ati\-cs can he synthesised (1) by Bkraups 
: synihesis, using in place uf aniline any substituted 
i aniline, naphtliylamiim or substituted naphthylamine, 
! etc., provided an ortho-jxwitiou to the amido group 
I is vacant. H.g. orthotoluidine would give ortho- 
I methyI(;uiuoIinc. 



cii, cir, N 


Skraup’.s synthesis i.s employed tcohnieally in the 
preparation of iilizarinc-hlue- in fact, it was tliis 
prcjwratiou whioli led to its application to the 
synthesis of quinoline. Ali;n.riue blue, 


HC| 


i:H CO ^oH 


HC' 


i6oH 


VvSAh 


JtH 


' dibydroxyanthraquinonequiuoline, is made by heat¬ 
ing /3(-nitroalizarinc with glycerine and sulphuric 
acid: it forms lustrous brownish violet needles, 
in.solub1e in water, slightly soluble in alcohol, and 
is a weak b.asc; it is used chiefly in the form of its 
sodium bisulphite compound as a blue dye. (2) By 
heating together aniline, aldehyde, and concentrated 
sulphuric or hydrochloric acid.s. This synthesis Is 
general, and various anilines, aldehydes, or an alde¬ 
hyde and a ketone can be used; e.g. aniline and 
onlinary aldehyde give quinaldine. Quinnldinc when 
heated with phthalic anhydride and zinc chloride 
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gives qainoline yellow, which is used io colouring 
wax and varnish. 




Other quinoline dj'es are: Tyanine, a blue dye of 
unknown constitution obtained from molecular pro¬ 
portions of quinoline and lepidine by the action of 
amyl iodide and subsequent treatment of the product 
with caustic soda—used in ptiotography. Quinoline 
red, obtained by ttie action of bensotriobloride, 
<’„lIjC01j,. on a mixture of quinaldiuc and isoquino¬ 
line in presence of zinc chloride, is also usetl in 
photography. 

f’O 


Quinone 


JtC 



't 

r 



(Parabenzo- 


(O. 

qninone). Yellow pi isms ; melts at llfi®; readily 
sublimes; sparingly soluble in cold water; readily 
soluble in hot water, in aleoliol. and in ether. It lias 
a cbaractenstie penetrating smell. Volatile in steam. 
Quinone is made by the oxidation ef luiiline ; the 
aniline is dissolved in dilute siiljihurie acid, cooled 
to U”, and a strong .solution of .sodium dieliroinatc 
added gradually and with constant stirring, keeping 
the tenipiTaturc below 10°. .(\lter twelve hours a 
further additiun of sodium diebroniate (twice as 
much as Indore) is made, and ll.e mixture again 
allowed to stand several Lours. The quinone is now 
extra<'tc;d with succes.sive large quantities of etlur, 
shaking gently to avoid the formation of a iroiible- 
somc emulsion. The ether i.s distilled off, and the 
quinone distilled oierin .steam. Another method is 
to oxidise para-anndopheuol sulphate in aqueous 
solution with lead dioxide and sulpliuvie acitl; extract 
with ether, and so on as Indore. Many other jiaradi- 
substituted benzene derivatives yield quinone on 
oxidation. Quinone is an exoeedinely active com- 
jKiund chemically; some of its reactions are as 
follows: It is easily reduced to hydroquinorie, c.y. 
aciditied potassium iodide roduec.s it with liberation 
of iodine; sulphurous acid reduttes it. As an inter¬ 
mediate yjroiiuct of its reduction to byilroquinone, 
there is formed quinli\drone— 


no 


0-0-C. (MI 

lu-r^tdi 

V . on 


nck„.xoii iiu 
c-0 


a lustrous green crystalline solid, which is also 
formed by direct union of quinone and bydro- 
quiuonc. Chlorine converts quinone into a mixture 
of trichlor and tetrachlorquinnnc (chlorauil). Its bc- 
liaviour towards those reagfmts which act on ketones 
(q.v.) is as follows: (a) With hydrocyanic acid it 
forms 2: S-dicyanbydroquinone. (b) With hydroxyl- 


amine it yields both a monoxime and a dioxime; 
the monoxiroe is identical with nitrosophenol (fee 
Nitbobo Compounds), so that its formula is— 

CH CH 

OC<^ ^C;NOH or 

cri'~cH 

The dioxime has the formula 

CII CH 

^C:N0n 

CH CH 

(c) With phenylhydrazine it does not give a hydra- 
zone, but is reduced to hydroquinone; S the plienyl- 
hydrazine has a hydrogen atom replaced by an acid 
J railical, then a liydrazone is formed, e.ff. 

I CH CH 


CH CH 

HO.c/ \cNO 

CH CH 


II„X. N 


COCH, 


CJl 


gives OC ; 



yOCCH, 
C:N.N/ ® 
NCAL 


(d) With phosphorus pentacLloridc it gives paradi- 
chlorbcnzenc. Quinone has many important deriva¬ 
tives. Among them may be mentioned : (1) 

Moniminoquinone and Hiimixoquinonb— 

CII CH CTI OH 

Oc(^ ')C:NH and IIN : ; NH. 

CH CH CH CH 


They are obtained by oxidising para-aminophenol 
and paraphenjlonediaminc respectively in ethereal 
solution with dry silver oxide in presence of anhy¬ 
drous sodium sulphate to take up water. They are 
both colourless compounds, and the moniminoquinone 
i.s expkwive. (2) Quixokkmonochlohimide and 
Qui nonedi culobi wide— 


1 CII 

\ 

CH 

CH 


c 

NciXCl and 

CIN: lY 

\c 

CH 

tTI 

c7r 

CH 


are crystalline solids, which melt at 85° to 124°, and 
arc formed from p.ara-amidophenol and parapbenylene- 
diamine by the aidion (>f bleaching powder solution j 
the moDochlorimide is also formed from aniline by 
hyi»chlDrous acid. The quinoneimides may be re¬ 
garded as the parent substances of a number of dyes. 
Tims .salts of diiminoquinone form with aromatic 
amine.s, and with phenols Inrlamines (y.®.), and 
indophenols; e.g. the simplest indophcnol is 

CH CH 

IIN: : N. C(.n,OH 

Ca CH 


(3) AKII 1 IDOQITINOXE.S: When aniline and quinone 
are boiled in alcoholic solution there is formed 
dianilidoquinone, t^H.OjCNHCjHj),. The further 
action of aniline on this compound yields dianili- 
doqninuncdianil, CsH,((NC’Hi)j(KHC 5 Hs)^ also called 
azopheiiinc. It forms red leaflets, melts at 241°, is 
insoluble in alcohol and in ether, but soluble in 
benzene; it is formed in the preparation of indulines 
{q,v,), and is probably an important intermediate 
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product in the formation of this class of dyes. 
OBTBOBBNZOQUIMONS, 


HC'5 


/CO- 


\ 


-COn^ 


CH-CIl 


/ 


CH 


forms red plates; melts with decomposition at 60° 
to 70°, and is obtained by oxidation of orthodihy 
dioxybenzene (catecohol) in dry ether solution by 
silver oxide. The name quinone is used in combina¬ 
tion to denote other substances having a similar 
constitution to the ortho- and para-benzoquinones, 
For examples see A^'THBAQUl^'ONB and Naphtha- 
QUiNOBEa As all quinones are coloured (yellow or 
red), the groupings found in these substances are 
regwed as colour forming groupings: thus diacetyl, 
■CH,. CO. CO. CH,, has the orthoquinune grouping, 
and is yellow in colour. In accordance with this 
idea many dyes are written with “quinonoid” 
formulae. See, for example, Malachite Gbben, 
Pababosanilinb. Nehtbal Red. 


Quint (Mvtic). An organ stop sounding the fifth 
above tie open diapason. It is of 5i ft. length on 
the manuals, and of 10| ft. length on the pedals. 

Quintet, Qnintett (Mugie). A composition for 
five voices or instruments. 

Quintuplet (Mueie). A group of five notes in the 
time of four. 

Quintuple Time (J/vgie). One that has five beats 
in a bar. See Time, 

Quire (^Paper Trade). Twenty-four sheets of 
paper. Ike Ream. 

Qnired Paper (^Paper Trade). Sheets of imper 
folded in qniies in contradistinction to paper sent j 
4}at flat or lapped. See Reams. ! 


Qnirewise {Typog.) Work printed as alternate | 
y>ages on single leaves, and folded so as to allow of | 
sewing instead of stabbing through. | 

Quirk ( Architect^ An acute channel frequently ' 
usefl in Greek mould- ' 

ings to separate an , 

■ovolo or a cyma re- QnaKzn 
versa from the fillet Oosx. i 
above. It is also very *■ 

commonly used in #■ 

Cothic mouldings. Qmbkto f 

- {Join., etc.) Ovolo, j 

The narrow groove at t 

the side of a bead. 

Quirk Bouter {Join.) A tool used iu cutting a 
•quirk {q.v.) ; it consists of an iron slock resembling 
that of a spokeshave, witli movable cutters or quirk- 
-ing irons of various sizes to suit the width of groo\e 
required. 

Quoin (Svild., etc.) An external angle of a wall 
or building. A comer stone or one that serves to 
form an angle. A wedge-shaped implement or piece 
of material. 

- {Typog.) A small wedge used in locking 

up a forme (^r.c.) 

Quotation {Typog^ A phrase transcribed trom a i 
si)eaker or author in his own words, and indicated by 
having tw’o inverted commas at the commencement 
and two apostrophes at the close, as: “ The m't 
preservative of arts." 

Quotation Quadrats {Typog.) Large metal 
•“ spaces ■’ of different bodies nsed for making up 
blanks and short pages, and nsnally cast hollow. 



B {Elevt.) The symbol for Bbbibtaxce (g.r.) 

p {Fityi.) A symbol generally used for Dkbsitt. 

BA. {Agtron.) Right Abcebsiob {q.v.) 

Babbet or Babato {JBuild.) A groove or slot on 
the edge or face of a flat surface. It is intended to 
receive the end or edge of another piece of material. 
A rectangular recess along a projecting angle, e.g. one 
to receive the edge of a door. 

Babbet Plane (Join.) A plane for working a 
right angled recess or groove on the edge of a piece 
of wood. 

Babbia, Con {Afvrie). With fury. 

Babble {Jdrt.) The fiat ended but hooked bar 
used by puddlcrs in working the charge of iron, as 
contrasted with the “paddle,” which is a straight 
chiselled edge bar, much the same as the ** peeler " 
used for placing “piles” (q.v.) in the reheating or 
balling furnace. 

Babbling {Met.) The process of stirring the fluid 
iron during puddling (q.v.) The long iron rod bent 
at the end, with which the operation is effected, is 
termed a Rabble {q.v.) 

Bace {Pag., etf.) (1) The open channel leading 
water to a water wheel, etc. (2) The path along 
which the shuttle travels in a loom. See Race 
Boabd. (S) The space in which a drum or the fly¬ 
wheel of an engine revolves. (4) The path of the 
rollers or balks in anti-friction bearings, e.g. iu a 
cycle wheel. 

Bace Board ( Weaving). The smooth board fixed 
on (he loom sley over which the shuttle traverses. 

Baeeme {Botany). An inflorescence in which the 
main axis bears stalked flowers and is capable of 
continued growth, adding new rtow'er.s iu the apical 
regiorr. An example is seen in the Currant. 

Bacemic Acid i Chem.) A fo>'m of tartaric acid 
cour})osed of equal quantities of dcxtrotaitaric and 
larvotartario aci<ls. See Tautabic Avid. 

Bacemic Form or Modlfleation {Chem.) See 

STEREUlBOMECiaM. 

Baoer {Kng.) A term b'rmetimcs applied to certain 
parts of machines which move with very great 
velocity. 

Bacing {Png.) Uncontrolled increase in the speed 
of an engine when tlie governor {q.r.) fails to act 
properly. In marine engines racing occurs if the 
screw propeller is lifted out of the water by the 
motion of the vessel iu rough weather. 

Bacing Cycles (f-Vefes). Very light cycles fitted 
with thin tyres, rat trap pedals, and very small 
saddles. 

Back {Eng.) (1) A Irar, either straight or slightly 
curved, with gearing teeth cut on it, employed for 
converting rectilinear into circular motion, or the 
contrary. (2) A very general term for an object 
with a series of projections or equidistant parts of 
any description in machines, etc. 

- {La<x Manufao?) A unit of measurement 

employed in the manufacture of lace by machinery, 
viz. 240 holes or meshes of net. The system of 
measurement by which the Twist band or working 
lucemakcr is paid and by which laco is usually sold 
when in the “ web " or “ brown,” 

- {Typog.) A fixture with grooves or mnnets 

for holding formes, oases, boards, etc. 
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Raek and Plnhm USng.) A device for converting 
the rotary motion of a shaft into linear motion by 
means of a small toothed wheel or pinion keyed on 
the shaft, and gearing with a rack. Frequently used 
in mechanism. 

Raok Back ’{Build.) In building a wall it is 
sometimes necessary to leave a portion of it un* 
finished. When this is the esse every coarse is 
started 2^ in. back from the unfinished part. This 
is to prevent unequal settlement when the wall is 
^nishm. 

Racking {Build.) A term signifying distortion. 
If a piece of framing is moved out of shape, it is said 
to be racked. 

- {Chem. Manvfac.) The process of running 

ypirit from one vessel to another, so as to expose 
it to the action of the air in order to promote 
oxidation, etc. It facilitates the " ageing ” of spirit. 

- {Mining). The separation of ore.s, etc., by 

-washing them on a sloping surface. 

- {Surveying). See Sdbvbtino. 

Raok Rail (Bug.) The t(x>thed rail used in certain 
forms of Mocstain Railway {q.v.) 

VLtuidlu {Build., etc.) Wattled work, e.g. a hurdle 
formed of supple .sticks or boughs intertwined be- 
tween stout upright slicks. A similar structure, 
formed of laths, and danbed or plastered with clay, 
is sometimes used to form a wall. 

- ( Weaving). A coarse kind of sley or reed 

{q.v.), but usually made of wood. Between the pins 
or pegs the threads of -warp arc passed in groups in 
running the warp on to the warp beam or roll. 

Raddolcendo {Mutie). Increasing in softness. 

Radial Arm {Bug.) A projecting lever or arm, 
pivoted at one end, and usually carrying some 
mechanism, as in a Radial Dbillinu Machine 
{q.v.) 

Radial Drilling Haekine {Eng.) A diilling 
machine in which the drill spindle is carried on a 
projecting arm wiiich can ri.sc and fall or swing 
round in a horizontal plane, thus allowing the drill 
to bo brought into different positions over the piece 
of work. 

Radial, Radially. Having the direction of a 
Tadiu.s, e.g. lines, etc., diverging from a centre. 

Wadlan {.Math.) The unit angle in the .sy.stcm of 
ClBCULAB MEASUBEC/y.e.) 

Radiant (A <•<»».) ]x)int from which the paths 
of a number of meteors npiiear to diverge. 

- {Pinjs.) Acting as a source of radiation. 

The term is sometimes applied to the source itself, 
e.g. the light used in an optical lantern is termed the 
Radiant. 

- or Rayonng {Her.) A charge or ordinary 

having raj-s issuing from the edge. 

Radiant Heat. Heat which passes from a hot 
t>ody or source through an intervening medium 
which transmits, but does^not absorb it. Heat, 
or, more correctly speaking, ra/liant energy, travels 
from the sun to the earth in this manner through 
the ether, and appears as heat when it falls on a 
body which absorbs it. 

Radiation {Phye.) A term denoting the emission 
of energy from a body. 

Light and Heat Rays : In this case the energy 
takes the form of wave motion in the surrounding 


ether, originated by the molecular vibrations of fbe 
radiating source, and does not become heat or produce 
the sensation of light until it falls upon a body which 
absorbs it, or upon the retina of the eye. The process 
of warming by radiation, as the earth by the sun, thus 
differs from other possible methods of transferring 
heat energy, in the fact that the temperature of the 
intervening space is not affected by the transmission, 
and is quite independent of that of the source or the 
receiver. Ether waves only differ from one another in 
the rapidity of the vibrations; the slower they are 
the greater the wave length, and viee vergd. The 
waves emitted from a hot solid body are a very 
complex mixture of different wave lengths, dependent 
not only upon temperature, but usually also on the 
nature of the body—that is, some wave lengths are 
emitted in greater proportion than others. Accord, 
ing to modern ideas regarding the structure of 
matter, all bodies above absolute zero are sources 
of disturbance in the ether in which they are em* 
liedded. It is probably inaccurate to regard the 
molecular vibrations themselves as originating waves, 
for ordinary matter moves fretdy in ether without 
getting any “grip” on it; it is most likely the 
oscillations of the attached electric charges or 
“electrons” which are effective, their period, how* 
ever, being governed and controlled by the molecules 
to which they are attached. The properties of the 
waves thus produccil are functions of their period or 
wave length. Very long waves of slow period, of 
lengths, .say, half inch nnd upvv.ardi, are most easily 
produced by electrical methods, and are apxdicd 
to useful purposes in Wireless Telegraphy. The 
radiation from heated holies has been traced 
cxijerimcni.dly through a range of wave length ex¬ 
tending from about to At about 

ssiinr they become capable of producing the 
sen-sation of red light, the greatest heating effect 
being produced by invisible waves somewhat longer 
than these. When txW in* reached for the ex¬ 
treme \iolet the rar]i.ation again becomes invisible, 
and within this range the heating effect has rapidly 
decreaseil and the power of producing fiuorescence, 
phosphorescence, and chemical action lias increased 
with equal rapidity. The general laws of radiation 
were discovered during the earlier and middle part 
of the la.st century by Leslie, Melloni, Forbes, 
Tyndall, and others. Their investigations estab¬ 
lished the fact that good radiators are also good 
absorbers, and vice versa, and also that a body when 
cool absorbs most readily those wave lengths which 
it most readily emits when hot. But as their methods 
dealt with complex sources of radiation as a \vhole, 
and as these properties vary in general with wave 
length, no exact quantitative results were obtained. 
Probably the greatest advance which has been made 
since the d.iys of the early experimenters has been 
in the direction of sorting out radiation and dealing 
with particular wave lengths individually, and also 
in the conception and realisation of the “absolnfc 
black body." Black surfaces possess the property of 
absorbing or radiating all waves with almost equal 
freedom; but even lampblackrcfiocts and diffuses some 
of the radiation wluch falls upon it, and it becomes 
therefore possible to imagine a'a idml sutetance 
which shall neither reflect, diffuse, nor tmusmit, but 
completely absorb all the incident waves of what- 
ever kind. Tlie properties of such a body can be 
investigated mathematically, and among other 
important results it has been established: 

(1) Tlic radiation from it depends only upon its 
tem^rature and the refractive index of surrounding 
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mediata, and is quite independent of its nature ca* 
physical state. 

(2) The energy value of the total ladiation emitted 
per unit area in unit time is proportional to the fourth 
power of the absolute temperature. 

(3) At any given temperature there is one par¬ 
ticular wave length which conveys the maximum 
energy, and this wave length is inversely propor¬ 
tional to the absolute temperature. 

(4) The amount of ^radiation of this particuhar 
wave length, for which the energy is a maximum, 
varies as the fifth power of the absolute tempera¬ 
ture,—really a dcdu-.’tion from (2) and (3). 

These results afford several methods of measuring 
very high temperatures, and have been reiwatedly 
vcrifictU No actual substance could satisfy the 
mathematical requirements of absolute bliwicness; 
but a small hole in an enclosure kept at const.ant 
temperature realises it in practice, for very little 
incident radiation is reflected out of it again, and 
it can be shown to emit the full radiation for lliat 
particular temperatui’c. As regards ordinary bodies, 
it may be said that the higher the temfX'raturc ilu' 
more closely thej’ aiqiroximate to the behaviour of 
the ideal black body. 

Light Waves : It follows from what haslx'en said 
that light rays differ in no way fmni other ether 
waves, except in their special power of stimulating 
the visual organs, and may form an :iltogother in¬ 
significant fraction of the total emission from a hot 
bfKly. Their discusfsiou as radiation belongs to the, I 
Theory of Light; here it is sufficient to say that solid i 
incandescent bodie.s give a rontinuous spectrum, 
i.e. emit wave.*- of all lengths within a certain range, ' 
the maxima extending further into the violet as flic 
temperature rises, in accordance witli the radiation 
law (3) alrcaily gi\cn. Unses and vajiours do not J 
usually become liiininou.s by mcicly rbing in tem¬ 
perature ; but when caused to emit light by any 
suitable stimulus, they give, under onlinary con¬ 
ditions, discontinuous spectra, i.r. there is scle<’. 
tive radiation and consequently tiiere i.s selective 
absorption—a fact upon which the w'holc science of ' 
Kpcctruin Analysis founded. j 

I'EESSURE OF IIADI.-ITION : According to the theory 
of light thcjc must be a pressure upon any surface ' 
due to incident ntdiation, that duo to rioJinal inci- ' 
dence upon a completely absorbent surface being | 
numerically equal to the energy of the wave per ■ 
unit volume. For a perfectly reflecting surface its 
value would be twice as great. The .absolute value 
of this pressure is very small (about 4'1 x 10-.'; ; 
milligrams weight for sunlight); but. it lias been i 
detected experimentally by I.ebedew, and the results 
confirmed by Nichols, and in the case of very i 
small particles it may be greater than gravitation, i 
Poynting lias defected exjicriraontally the tangential ; 
forces which exist in tlie case of refraction. This I 
pressure of radiation is of great importance in the , 
theory of the absolntc black body. i 

Solas Constant: This is the amount of energy I 
(expressed in gram-centigrade heat units) received I 
by 1 sriuare centimetre per minute at the earth’s ! 
distance from the sun, assuming no at.inospherc ; 
present. Its value lies probably between .3 and 4. i 
At least 40 per cent, of this energy i.s intercepted by | 
the atmo.sphere. A simple calculation shows that 
the energy radiated per square centimetre per minute ! 
from the sun’s surface is 4fi0,000 times as much, i 
which works out to about 17 horse power. 

Cathode, liHNARD, and BOntoen Kays ; The I 
first two of these arc not radiation in the ordinary i 


sense (not being ether waves), but may be dealt 
with conveniently here as special cases of emission 
of energy. Cathode rays are given out by the 
negative terminal of a vacuum ttibe at very high 
exhaustions (of the order of one-millionth of an 
atmosphere). They were first noticed by Pliicker 
and llittorf, and afterwards carefully studied by 
Crookes. Tins radiation is easily shown to issue 
normally from a cathode, and to behave as if it were 
a stream of material particles carrying negative 
charges and moving witli very high velocities (which 
may amount to from to ^ of the velex'ity of light). 
I’liis stream possesses inertia, being capable of turn¬ 
ing vanes and of heating the surfaces on which it 
falls, and many substances become brilliantly phos¬ 
phorescent with characteristic colours when expo.secl 
to its impact. Finally, these properties arc com- 
plebdy imh'pendent of the nature of the m.attcr 
present in t.ho tube. Lenard covered a small hole in 
the tube with ver 3 ' thin aluminium (following up an 
observation due to Hertz), and found tliat when a 
stream of cathode rays fell upon It, something feebly 
luminous pa.sscd through into tlic outside air whicli 
could excite iihosphorcsceneo and produce feebly most 
of the effects of cathode rays, hut which became 
sjH'efli!)' dissiiiatecl and lost except cl<«e to the 
origin. It was, in fact, catluxlc rajs which liad 
penetmted the aluminium, and which wen.' found to 
be capable of ijcnctratiiig any kind of matter if only 
thin enough, being stop|iod by sulistaiices roughly in 
the order of their densities. The study of cathode 
rays inside the tube iiatumllj’’ suggested the idea of 
material iiarticles, while, ontlie other hand, the fact 
that tlieir properties we.ro independent of the natuic 
of the matter used, and the reinarkablj' penetrating 
nature of the Lenard rays in air seemed to contradict 
this hvfiothesis, for no ordinary atom could move a 
fraction of .an inch in air without being stopjicil and 
diverted hv friqnent collisions. Hence arose two 
schools of thought, the English, physicists on tlie 
whole regarding them as charged particles, whilst 
ivcnard and his followers considered them to be a 
l^articular kind of ethereal disturbanoo independent 
of ordinary matter. Finallj’, J. J. Thomson, in a most 
brilliant series f)f mcitsurcnients. showed that the 
rathode .strearacon.sists of negatively charged part,ides 
having onlj’about 5 of the mass of (he hjdrogen 
atom, and which, although derived from ordinary 
matter, are certainly not matter in its ordinary sense. 
This result, together with their high velocity, ex¬ 
plains ttieir penetrating power, and constitutes an 
ejioch in our knowledge of the structure of the atom. 
Bonlgen <li.scovered that when cathode rays are 
.suddenly stopped by striking an obstacle, a new and 
still more penetrating kinti of radiation emauates 
from the point struck, which, although invisible to 
the eye, can pass through the gloss of the. tube and 
affect photographic jilates or excite pho,sphoresconoo 
outside. Like Lenard raj’s, it is stopped by bodies 
roughly in the order of their densities, but differs 
from them in being perceptible at enormously greater 
di.stances from tlie tulxi. Thi.s radiation possesses 
conspicuou.slj' the power of strongly ionising air or 
other gases through which it passes, making them 
temporarily conductors. Further, it is incapable of 
being refracted or regularly reflected, and no definite 
results of the nature of interference or yiolarlsation 
have been detected. The great range of these rays 
so<*m.s to exclude the idea of projected material fiar- 
ticles, and they are generally supposed to be really a 
special kind of ether wave, not produced in regular 
vibrations, but as an irregular series of discrete 
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pulses produced by the shock of the impact of the 
cathode rays. The question would be practically 
settled by a determination of their velocity, but 
it is doubtful if this has really been successfully 
accomplished at present.—E. E. B. 

Hadiatioiiy Solar (Asirm.) Expressing this in 
energy, it is nearly 130,000 horse power continuously 
for each square metre of the sun’s surface. The Earth 
receives only about TrTTnroWmnr of Ihe total radiation. 

Radiator (Huild.) A hollow frame or structure, 
generally of cast iron, through which steam, hot 
water, or hot air circulates. The heat is radiated 
into the apartment in which the structure is fixed, 
thus warming it. Where feasible, radiators should bo 
fixed against an outer wall and be furnished with a 
device for admitting air from without; this becomes 
heated as it passes over the surface of the Ridiator, 
and keeps the atmosphere of the apartment fresh. 

- A device for dispersing heat by 

radiation; c.g, the apparatus by which the circulating 
water in a motor car is cooled. See Motor Cab and 
I’ETBOL KNCJINB, 

Radical (C/iem.) Literally the common stem or 
root of a number of different compoumls. It is used 
ocoa.sionully of elements. Thus, when it is desired to 
refer to the metal in a scries of salts of that metal, 
the metal might be spoken of as the basic radical. 
But. the term is much more commonly used to denote 
a group of elements which reacts as if it were a 
single element; such groups arc known as compound 
radicahs, and have not an independent existence. 
Thus the group is the cyauogen radical,.but 't 
does not exist by itself. However, two such groups 
usually unite together to form a compound which 
can exist. Thus vve ha^ e : 

Methyl. CH, Ethane, CII.-CHa 
Cy.mogen, CN (Ivanogen, (bis, CN 
I’heiiyl, CgH, Diphenyl, C'^TIs-CJIs 
See algo Compounu Radical a7ul Cacodyl, 

Radicle Tlie descending purtion of the. 

axis of the embryo in a seed. It absorbs nutritiie 
solutions from the soil, and also gives anchomgo to 
the sce<iling. In most Dicotyledons the radicle 
develops into the main or tap root of the adull 
plant; but in Monocotyledons it is suppressed, and 
roots arise from the base of the stem. 

Radio- (P/ij/g.') Relating to r.ays or radiation, r.g. 
Radioactivity (r/.e.) 

Radioactivity (^Phyg.') The power possessed by 
certain snb.stances of spontaneously emitting radia¬ 
tions cap-able of affecting photograpliic plates, 
exciting phosphorescence, and ionising the sur¬ 
rounding air. 

In 18% Becqucrel discovered that uranium salts 
emitted sometliing which could act upon a sensitive 
pliite wmpped up in black paper, anil which made 
tlie ait around temporarily a conductor. He found 
that all salts of uranium, and also the metal itself, 
pos-sessed the.«e properties, which in no way dojicnded 
upon previous exposure to light and were in no 
degree weakened by lapse of time. He also found 
that the radiations could not be. reflected, refracted, 
or polarised, while researches by v.arious experi¬ 
menters showed that of tlie known elements only 
thorium possessed similar powers, 

'The next great step was made by M. and liladamc 
Curie, who found that while all urnniain minerals 
were active, their activity was not proportional to 
the amount of uranium they contained, and in some 
oases was even greater than that of the metal itself. 


This suggested that small quantities of some ver^ 
active substance were present, and after much labour 
M. and Madame Curie were able to separate from 
PlTCHBLEUDii: (a very complex ore of uranium) twa 
intensely active substances now known as Kadivh 
and Polonium, the former being a definite element 
allied to Barium, and the latter a substance asso¬ 
ciated with bismuth, difllcalt to isolate and as yet 
of uncertain nature. Other ratlioactivc bodies have 
been separated from pitchblende, but in quantities 
excessively small, and it is still doubtful how far they 
are really independent entities. Dobierne obtained 
Actinium, and Marckwald Radio-Tsllubium, while 
Hofmann and others have found .an active substance 
pixi.sent with lead derived from that mineral. 

Rixdioactivity is delected either by its effect on 
a sensitive plate or by its power of discharging 
charged bodies, the latter method being by far the 
more delicate and reliable. It appears to bo due to 
the gradual breaking up of acomplexatom into simpler 
forms, accompanied by the emission of relatively 
enormous quantitii'S of energy. Very little of this 
emitted energy is in the form of ordinary light or 
heat waves, although the emission keeps the soun e 
at a pcrqeptibly higher temperature than its sur¬ 
roundings, It mainly consi-sts of streams of charged 
particles projected with great velocitio.s. Such a 
stream is deflected by magnetic and electric fields, 
and the amount of the deflection in the two cases 
determines the velocity and ratio of mass to charge 
of the flying particles. Three distinct types of 
Radiation were soon recognised and distinguished as 
the a, p, and 7 -rays respectively, all of which are 
given off bv Radium and Thorium: whereas I’olonium 
and Uadio-rellurium appear to give off mainly one 
kind, the a-rays. 

The a-rays represent most of the radiated energy, 
and appear to be positively charged particles about 
twice >as heavy as the hydrogen atom, and moving 
with velocities of about 20,000 miles per second. 
They excite phosphorescence in certain substances, 
especially Sidot’s Blemle (y.r.), and their ionising 
power is very great. They are only slightly deflected 
by a magnetic field, and are very easily stopped by 
slight obstacles, such as a sheet of paper. 

'The /9-rays apiK-ar to be identical with Cathode 
rays. They consist of negatively charged particles 
much sniafler than ordinary atoms, moving with 
velocities varying from alxiut 60,000 miles per 
second to a speed closely approaching that of light 
itself. They are easily detlectcd by magnetic and 
electric ficld-s can excite phosphorescence, csfKKjially 
in Willemite, Kuiizite, and barium-platinooyanide, 
and can readily i>enetrate obstacles w'hich would 
entirely stop the a-rays. At the same time their 
ionising power is much less than that of the a-rays. 
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3 jiartirlea. The velocity ie lepieeented hy the length of the 
lines in the middle oolumn, the mass and energy by siiheree. 
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The 7 -rajs do not appear to consist of material 
particles, as they are not deflected by magnetic or 
electric fields. They are probably a special kind of 
ether wave, i.e. of light, resembling X-rays, and are 
produced by the shock of starting the emitted par¬ 
ticles, just os ordinary X-rays in a vacuum tube are 
produced by their sudden stoppage. Their chief 
characteristic is their remarkable power of penetra¬ 
tion, in which respect they surpass the X-rays, llicy 
also possess the power of exciting phosphorescence 
and causing ionisation, but in the latter respect are 
less effective than the /C-rays and enormously less 
effective than the a-rays. 



In addition to these typical forms, it has been 
recently shown by J. J. 

Thomson and others that 
there is al.-^o a copious 
emission of quite slow 
moving ^particles. Tliese 
complex radiations .‘ire 
not emitted by Thorium, 

Radium, or Uniniiiiu 
themselves, but by sub¬ 
stances continually being 
formed from them, and 
which by suitable means 
can be removed from the 
parent substance, leaving 
an inactive material which 
regains its radioactive {>ower at a perfectly definite 
rate. 



Meanwhile the very active portion removed gradually 
loses its actiiity at exactly the same fiite, differing for 


different substances, but always in a geometrical ratio 
with time. For this reason it is convenient to state 
the time required for the body to lose half its activity, 
fur this is a definite period, whatever the initial 
strength may be. It will be sufiicient here to trace 
the life hustory of radium as far as at present known. 

The parent of radium is probably uranium, from 
which it is formed at a very slow rate—so siowly 
that this fact is as yet not definitely established. 
Radium itself does not appear to be radioactive, but 
in its turn slowly breaks up, giving off in minute 
amount an “ emanation ” (discovered by Rutherford 
first in the case of thorium), which mostly remains 
occluded in the parent radium salt, from which it 
can bo removed by heating or bubbling air throngh 
a solution. This “emanation" appears to be an 
inert heavy gas, displaying no chemical activities, 
and absolutely unaffected at the highest tempera¬ 
tures. It can be liquefied by cold and pumped 
through tubes, and it apparently has a characteristic 
spectrum. It is intensely radioactive, its presence 
in glass tubes being indicated by the phosphorescence 
of the walls, and it supplies most of the heat emission 
of radium salts (acooi-ding to Rutherford, if it were 
possible to collect a cubic inch, it would probably 
melt the glass tube containing it), and it appears to 
emit only a-partidcs. It loses half its activity in 
four daj's, which means that in that time half of it 
has changed into some other form. Apparently this 
change is due to the emission of the a-particle, and 
it now becomes “ emanation Xi," a sijlid body which 
collects on surfaces exposed to the gaseous emana¬ 
tion, leaving them temporarily radioactive after the 
latter has been blowu away. In three minutes half 


of this changes into “ emanation X,,’’ also with the 
emission of a-particlcs. X, does not*appear to emit 
any kind of piirticle ; bat every twenty-one minutes 
half of it changes into X,, which in its turn breaks up 
rapidly (half iu twenty-eight minutes), with the 
emission of a, /3, and ‘y-tays. It is noteworthy that 
the p and y-ruys arc only emitted daring tlic last of 
these four rapid changes. 

The next two stages occur very slowly, and have 
only recently been traced by Rutherford, who calls 
them provisionally D and E. The former only gives 
out /S-rays, and is half transformed in about forty 
years into E (however, it maj' eventnally turn out 
that t>vo changes occur here instead of one). 
E gives out only a-rays, and is half transformed 
iu about 150 days. Beyond this nothing is os yet 
known with certainty. These slow changing bo<Mes 
should gradually accumulate in ores of ^ium, and 
it is possible that D may turn out to be the active 
constituent in Hofmann’s radioactive lead, wliilc E 
may be identical with the polonium of the Curies 
and the radio-tellurium of Marofcwald. Only the 
first product of radinm, the gaseous emanation, is 
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chemically inert. All the succeeding solid pro* 
ducts have detinite chemical and physical proper* 
ties, which make it possible to identify and pai-tially 
separate them. What the final products may be is 
as yet unknown; but it is certain that the rare gas 
Hbuuh is one pf them, and it may possibly be the 
projected a-particle itself. This formation of helium 
from radium (discovered by Hamsay and Soddy) is 
remarkable as being the first case known of one 
element changing partly into another. Evidence is 
rapidly accumulating which goes far to show that 
radioautivity is in various degrees a general property 
of matter, and not confined to a few very rare sub¬ 
stances. Apparently the whole crust of the earth is 
more or less radioactive, and it seems probable that 
slow nnd gradual change into simpler forms is part of 
the life history of the atom.—E. E. 0. 

Radiograph, (1) An instrument for measuring 
and recording the intensity and duration of sunsliine. 
(2) An image of some object produced on a sensitised 
plate by means of the Euutgen rays. 

Radlolarian Ooxe and Radiolariaa Chert ( Geol.') 
Jjarge numbers of Polycyttinte {Prutozoa wit h siliceous 
tests) live in the upper waters of the warmer parts 
of the ocean along with the Poramini/era, wliich 
secrete calcareous shells. When these die their 
shells descend together towards the ocean floor. 
But solution of the calcareous shells begins at a few 
hundreil fathoms below the surface, and is generally 
completed by the time they have sunk to a depth of 
2,500 fathoms. The siliceous shells of the Itadiolaria 
or Polyeijstinm then roach the bottom alone, i.e. 
without any calcareous matter. A deposit so formed 
is termed a Radlolarian Ookc. Ancient Radiolarian 
Oozes, now altered into more or less cherty rocks, 
occur in many geological formations, and bear im¬ 
portant testimony to the former presence of oceanic 
conditions in areas which may now form parts of 
continents. 

Radiometer, Crookea* iPhyt.) A set of light 
metal vanes, fixed on a vertical axis so as to be 
capable of easy rotation, and enclosed in an ex¬ 
hausted globe. One side of each of the vanes is 
blackened, the other left briglit. Radiant heat 
received by the vanes causes them to rotate at a rate 
depending on the intensity of tlie radiation. 

Radio Hlerometer {Elect., eta.) An instrument 
for the detection and measurement of small amounts 
of radiant heat. It uonsists of two small bars of 
metal forming a thermo-electric couple (q.r.), one end 
of each bar being attached to a small blackened 
copper disc on which the radiant lieat i.s received, and 
the other end.s connected togcthi-.r by a loop of 
copper wire. The whole arrangement thus forms a 
closed cirouit, and is susfvended by a quartz fibre in 
the strong magn«‘tic field between the poles of a 
magnet such as is used in suspended coil galvano¬ 
meters. Radiant beat falling on the disc heats 
the thermo-electric junction, causing a current to 
flow round the loop, and the whole circuit turns 
through an angle depending on tiie strength of the 
current, i.e. on the intensity of the radiation received. 
The instrument is extremely sensitive, and when used 
with a suitable reflector will detect the radiant heat 
received from a caudle placed two miles away. 

Radium (Chem.) Bd. Atomic weight, 225. A 
metal which occurs, in traces only, in pitchblende, 
carnotitc, and a few other rare uranium-containing 
minerals. The pitchblende (q.v.) from Joaehimsthal 
(Bohemia) contains more radium than any other 


variety. After the uranium has been extracted from 
this pitchblende, a ton of the residue yields 0*2 to 
0-3 gram of radium bromide. The metal itself has 
not been prepared; but it amalgamates with mercury, 
as is shown by the fact that when a saturated solu¬ 
tion of radium-barium chloride is shaken with a 
1 per cent, sodium amalgam, a radium-barium 
amalgam relatively richer in radium than the 
original double chloride is formed, so that the metal 
could be prepared by means of its amalgam. 
Babium. a number of radium salts have been 
prepared, e.ff. the bromide, ctilorido, nitrate, car¬ 
bonate, and sulphate, and they ru.sc'uble generally 
the corresponding barium salts; but the bromide 
and chloride are less soluble than those of barium, 
and of course no barium salt is radioaetiv-e. Radium 
bromide is prepared from* pitchblende by the’-follow- 
ing method. The pitcliblendc is powdei-ed and fused 
with sodium carbonate. Soluble salts are extracted 
with hot water, and the residue is treated with dilute 
sulphuric acid. The sulphuric acid solutiou contains 
the uranium. The insoluble residue, formerly a 
waste product, contains the radium; it is treated 
with concentrated hyilrocliloric acid. The solution 
thus obtained contains most of the polonium and 
actinium, while the insoluble part contains the 
radium in the form of sulphate. After washing with 
water, this residue is boiled with a concentrated 
solution of Bodium carbonate, in order to transform 
the insoluble sulphates to carbonates; the carbonates 
are washed with water, then dissolved in dilate 
hydrochloric acid. This solution is again precipi¬ 
tated with sulphuric acid, and the resulting sulphate 
converted into chloride exactly .as above. The solu¬ 
tion of chi rides is now treated with sulphuretted 
hydrogen ; the precipitate contains some polonium. 
The solution is boiled and oxidised by potassium 
chloraU‘, and treated with ammonia; the precipitate 
contsiins some actinium. The solution is precipitated 
by siHlinm carbonate, the precipitate is washed, 
dissolved in hydrocihloric acid, evaporated to dryness, 
and the re.sidue washed with concentrated hydro¬ 
chloric acid to remove calcium ct)lorid8, and leave a 
residue of barium and riidium chlorides. A little 
radium is removed by the wa-siiing with liydrochloric 
acid; it is precipitated by sulphuric acid, and the 
precipitate worked up with fresh materiaL The 
radium and barium chlorides arc dissolved in water, 
precipitated by sodium carbonate, and the carbonates 
dissolve^l in hydnjbromic acid. Eight to ten. kilo¬ 
grams of mixed bromides result fn)ru 1,000 kilograms 
(2,204 lb.) of pitchblende, and it is about sixty times 
as active as uranium. The bromides are now sub¬ 
mitted to fractional crystallisation, first from water, 
then from hydrobroroic acid, tiie ratlium bromide 
being less soluble than the barium bromide. The 
most active bromide obtained is about two million 
times as active as uranium. Radium bromide crystal¬ 
lises ill the monoclinic sy.stem, is deliquescent, and 
is therefore kept in sealed tubes; it gives a crimson 
colour to the ISnnscn flame, and when this flame is 
viewed in the speotroscope it gives two lines in the 
red, one in the blue green, and two (faint) in the 
violet. On keeping, the rs^ium bromide, which is 
pure white when fresh, becomes brown; but it can 
be made white again by heating. A so'ntion of 
radium bromide in water evolves hydrogen and 
oxygen continually at the rate of 10 cc. of the mixed 
gases lier gram of radium per day, the hydrogen 
always being rather more than doable the volume of 
the oxygen. Badinm salts convert yellow phosphoms 
into red phosphorus. When exposed to air, ozone is 
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produced; iodine is liberated from a solution of 
iodoform. They impart a brown violet colour to 
glass, blacken a diamond externally, also darken 
quartz. When a radium salt contained in a celluloid 
capsule is placed on the skin and left a while, its 
action can be felt, and some hours after its removal 
a red patch appears, then a wound, which takes a 
long time to heal. On this account radium salts 
have been applied to the cure of lupus. Attempts 
have been made to cure cancer by the application 
of radium salts, but without success. Badium salts 
cause a number of substances to fluoresce, especially 
barium platinocyanide, willemite (zinc orthosilicate). 
Bidot’s blende (slightly impure zinc sulphide). A 
radium salt is feebly luminous in air, and the 
spectrum of this light has been shown to be that of 
nitrogen, but in an atmosphere free from nitrogen 
the spectrum is continuous, lladium is an clement 
which is constantly undergoing spontaneous decom¬ 
position ; its atom is not stable, but breaks up into 
simpler atoms. This deconipusition differs from 
ordmary chemical decompositions in being entirely 
beyond the control of the chemist, who can neither 
accelerate nor retard it. The rate of this decom¬ 
position is such that a gram of nulium bromide 
would be half decomposed in about 1,150 years; 
the nature of the decomposition is described under 
Radioactivity (j.r.) As radium has a compara¬ 
tively short life, it follows that, in a mineral such as 
litchblencle, radium is constantly being produced, 
ts probable source is uranium, itself a radioactive 
element, but with a much longer life (2,000,0(X),000' 
years). There is little direct evidence bearing on 
this subject as yet; but it is note worthy that the 
amounts of uranium and radium present in pitch¬ 
blende are about as 10“: 10*. The physical behaviour 
of radium is described in the article on Radio- 
Activity (q.r.) The atomic weight of radium has 
been determined by precipitating a solution con¬ 
taining a known weight of radium chloride with 
silver nitrate, and weighing the silver chloride so 
produced; the value obtained was 225 (0 = 16). It 
has also been determined by comparing the fre¬ 
quency difference of the double lines iu the two 
subordinate series of the radium iipectrum witli those 
of magnesium, calcium, strontium, and barium ; the 
result is 257'8. The reason of this great difference 
is unknown. That radium is an element is shown by 
the fact that it falls into position in the periodic 
system (y.v.); it has chemical properties closely re¬ 
sembling those of barium, which is an element in the 
same group; it has a characteristic spectrum. 

W. H. n. 

Radius. In a circle, ttie distance from the centre 
to the circumference. iSee also Radius op Cueva- 
TUHE, 

Radius of Cunrature. If normals be drawn from 
two adjacent points on a curve, they will intersect in 
a i)oiiit lying on the concave side of the curve. If 
the two points be now supposed to move towards one 
another, the point of intersection of the two normals 
will move towards a limiting position, winch it will 
occupy when the two points from which the normals 
are drawn are upon the point of coinciding. The 
distance from the curve to the point of intersection 
of the normals is termed the Radius op Cubvatueb 
of the curve. The point of intersection is the 
Cbntek op CiuEVATUUB, and a circle drawn from 
this centre, touching the curve at the points from 
which the normals are drawn, i.s termed the CiBCLE 
OP CUBVATUBB of the given curve at the point of 


contact. It has at this point the same dope and the 
same rate of change of elope as the given curve. 

Radius of Gyration (_Phtjs., etc.) The Moment of 
Inertia (q.r.) of a body umy in general be expressed 
in the form K => niP, where m is the mass; the 
quantity h is called the Radius of Gyration. 

Radius of the Earth (_Aetrna.‘) The mean or 
average radius is about 3,959 miles. Measured from 
the Pole to the centre it is 8,960 miles; from the 
Equator to the centre it is 3,963 miles. The earth is 
really an oblate spheroid, a solid produced by an 
ellipse I’evolving about its shorter axis. 

Radius Rod {Eng.) Fart of the Parallel Motion 
used in beam engines; now nearly obsolete. 

Radius Vector (Phys., oic.') A line drawn from a 
fixed point to a particle or body moving under the 
influence of a force acting towards that point; e.g. 
the lino drawn from a planet to tho sun. 

Raffia {Eota7iy'). The thin cuticle (or outer wall 
of tlie epidermis) of the leaves of a Madagascar 
palm, Jlajthia rt/ffia (order, Palmat), used by gardeners 
for tying up ])Iants, flowers, etc. 

Raf&nose (<?/<cm.) C,„H^O|, (Mclitosc or Meli- 

triose). A sugar which crj'stallises in shining 
uec<llcs or prisms containing 5 molecules of water 
of crystallisation. On slow heating at 80° to 105° it 
loses this water and forms an anhydride. Soluble iu 
water; insoluble in alcohol; no sweet taste; its 
solution is dextrorotatory [ajp = 404“ On hydro¬ 
lysis with dilute acids it yields dextrose, Imvulose, 
and galactose: 

C,*n«0.o -t 2Hp - 3C,H,,0.. 

On careful hydrolysis an intermediate stage ooenrs, 
Imvulose splitting off first and mclibiose being formed, 
r,jll,,0,8 -I- lip = C^HjP, + C,gHyP,,. Raffinose 
has no reducing properties, and therefore forms no 
osazone. Nitric acid oxidises it to oxalic, saccharic, 
and nmcic acids. It forms an endoca-nitrate and an 
cndeca-acctatc. Like cane sugar it unites with 
calcium, barium, and strontium oxides. It is not 
inverted by diastase; but it is inverted to Isevulose 
and mclibiose by inver'ase; and another yeast 
enzyme (meliboglycase) inverts the inelibiose. 
Zymase slowly, bnt completely, ferments it. Railinoso 
occurs in eucalyptus-manna, in cotton seeds, and in 
beetroot sugar molasses. It can be obtained from 
the manna by repeatedly cxtracling it witli Iwiling 
water and some animal charcoal and purifying the 
product by recrystallisation from dilute alcohoL 

Rafters {Build.) The timbers to which the roof 
covering is fixed. See Roofs. 

Rag. (1) The name given to various kinds of 
stone found in different parts of England, and used 
for building purjioscs; e.g. Kentish rag. See BuiLD- 
iso Stones. (2) A large roofing slate with one side 
rough. 

Rag Bolt {Buiy.) (1) A bolt with an enlarged 
end tor bedding in masonry. (2) A bolt with barbs 
or jags in the direction of the head, so that it cannot 
bo withdrawn after being driven in. 

Rag Grinding {Mango or Shoddy Munufao.') The 
ojieratioii of reducing rags made of wool, worsted, 
or mixed materials to fibre. Done by a rag grinding 
machine. 

Raglet {Build.) A groove cut in a wall, into 
which the edge of flaablng {q-v.") is turned. 
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Ratfoly or Ha^ulee (Her.) Having projections. 
A dividing line similar to ‘‘embattled,” but with the 
projections slanting. See under Hsbaldbt. 

Sail (Carp.) A general term fur a horizontal 
member in a framed structure. 

-Applied in a general sense to a long 

bar, especially to a bar along which the wheels of a 
vehiole run. Bails are descrilied according to the 
kind of line for which they are used, and are further 
distinguished according to cross section as Double 
Hcad^ Bails, etc. See under Bailways. 

Bail Bender A massive clamp used for 

bending rails to an arc of a curve. The force 
neceS'Sary to bend the rail is applied by a screw or 
by hydraulic pressure. 

Bail Bond {Eleet. Eng.) An electrical connection 
established by means of conductors, usually of 
copper, between the adjacent ends of two lengths of 
rail in electric traction. 

Bail Clamp (Eng.) A clamp or bracket used to 
bold a ratchet drill (q.v.) in place when a rail is 
being drilled; by this means a hole can be made in 
a rail while it is in position. 

Ball Fi^ot (.Eng.) A Fagot or pile (q.v.) of 
bars of ditferent qualities of iron, which i.s to be 
used for rolling rails. Fagoted iron rails arc now 
almost sujjersedcd by steel rails. 

Rail Gauge (Eng.) A measuring bar used in 
Axing rails the proper distance apart. 

Rail Guards (Eng.) Bars fitted to the front of 
the frame of a locomotive, and reaching nearly down 
to the rails. Their purpose is to remove obstacles 
from the surface of the rails. 

Rail Ingots (Etig.) Ingots of Bessemer steel 
about 1 ft. square, from which steel rails are rolled. 

Rail Tests (Eng.) Bails arc usually tested by 
allowing a hra\y ma.ss of specified weiglit to fall on 
a rail resting on two supports. The amtiunt of 
deflection is noted, and from this, in conjunction 
with chemical tests, the quality of the mil can be 
estimated. 

Railways. Early in the seventeenth century an 
inventive genin.s, with a view to reduce frictional 
resistance on roads, hit uixm the idea of laying down 
parallel blocks of timber for tlio wheels of vehicles 
to travel on, thus forming a TBA^iliOAD, in the 
neighl»ourhood of coal and iron mines. No marked 
strides seem to have taken place until about a 
century later, when the wooden blocks wci-e aban¬ 
doned in favour of east iron plates, which were 
secured to iron shoes bfdted to stone blocks. Vehicles 
drawn by horses, and fitted with flanged wheels, 
travelled on tliesc plates; but this road prov'cd muck 
too rigid, and eventually the stone blocks were 


replaced by timber sleepers, and the cast iron plates by 
wrought iron rails. The application of Stxiax as a 
motive power was assuming pmctical lines early in 
the nineteenth century, leading to farther improve* 
meats and developments of the tramroad, which 
was now merging into the dignity of a railroad. In 
1821 a line was opened for goods traffic between 
Stockton and Darlington, followed in 1880 by the 
first railway designed for passenger traffic, vis, from 
Liverpool to Manchester, engineered by the famous 
George Stephenson. The line was a double one, and 
the motive power the historical engine “ Rocket,” 
made by Stephenson. This enterprise proved an 
immediate financial success, resulting in an enormous 
development in the construction of railwavs, the 
movement quickly spreading to the Continent and 
America and gradually to every part of the globe. 
It is scarcely possible to realise the full importance 
of the intniduction and extension of railways as a 
factor in the world’s progress and advancement. 

Approximately, the present MlLl 
534,800, distributed as follows: 

Europe . 

Asia .. 

Africa. 

N. America. 

B. America. 

Australia. 

Total . 


(1905) is 


Miles. 

186,720 

46,630 

15,660 

239,020 

29,860 

16,610 


634,300 


The capital involved is nearly £8,000,000,000 (eight 
thousand mdlions). In the United Kingdom the 
mileage is 22,435, the capital £1,245,629,000, and the 
ai)proximato number of people employed £iO0,0lX), 
In this country the con-struction of railways is con¬ 
trolled by various Acts of Parliament, and Iwfore a 
new line can be opened for pa.sscnger traffic the 
Board of Trade must certify that it has been pro¬ 
perly constructed and equipped and all rules and 
regulations complied with. 

Construction. —In laying out a railway the 
cuttings should as far as possible balani^e the embank¬ 
ments, consistent with workable curves and gradients. 
On the earlier railways gradients were seldom con¬ 
structed steeper than 1 in 200, nor curves sharjier 
than 60 chains’ radius; but with the improvements in 
the permanent way and engines and the intro¬ 
duction of machine brakes, gnadients of 1 in 60 and 
curves of 15 chains’ radius became common. Tliese 
limits arc greatly exceeded on mountain railwa 3 's, 
where gradients of 1 in 4 and curves of about 300 ft, 
radius are frequent, such steep gradients being 
workable by the “Abt” or the “Fell” Bj’stem, or 
some form of rack and pinion, and the provision 
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of powerful machine and antoniatic brakes. The 
Kobmation Is the prepared suiface in cutting or 
embankment ready to receive the ballast and per< 
mauent way. The slopes or batter of the sides of 
the cuttings and embankments vary with the geologb 
cal formation passed through. For ordinary soil the 
most usual is a batter of if horizontal to 1 vertical, 
but in some kinds of clay me slopes may reach 3 or 4 


On the Continent and America the type of rail 
mostly used is the Yignoles or Flat Bottom (fig. 1). 
Chairs are not necessary with these rails; they rest 
cither directly on the_ sleepers, or sometimes a sole 
plate of thin wrought iron is placed between the r^l 
and sleeper to prevent the rail squeezing into the 
latter. Bails are usually 30 ft. in lengtli, although 
45 ft. is a dimension now becoming general on 
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to 1, whilst a cutting in rock may have vcriicnl sides. 
The width of formation for a single line is 18 ft. and 
for a double line 30 ft. A layer of broken stone or 
coarse gravel 12 in. deep is first placed on the 
formation, upon wliicli rests the 1’ebmanent Way. 
The modern practice is to place sleepers 9 ft. long k 
10 in. X 5 in., generally creosoted {*re Ckeosote) 
about 2 ft. 6 in. apiirt. Cast iron chairs weighing 
from 30 to 50 lb. are fastened to these sleepers by 
spikes and treenails, through-bolts or coach screws, 
and the Kails are placed in these chairs and securetl 
by compressed oak keys. fig. 1. In Great 

Britain the fonn of rail favoured is the Bullhead, 
varying in weight from Co to 100 lb. per lineal yard. 
Following the American practice of Standakdisino, 
which has resulted in many advantages, a rommittec 
(Engineering standards) of experts con.'>istingof well 
known English engineers and others, have recently 
decided upon a standard rail, both as rcganls manu¬ 
facture and dimensions. See Fig. 2, which gives three 
of the standard sections. In future the rails used in 


important limes. The joints are secured by a pair of 
plates (Fishplate-s) from 1 ft. 6 in. t(j 2 ft. in length, 
with four bolts from J in. to 1 in. diameter, provision 
being made for expansion and contraction by slotted 
holes in the rails. In countries where timber is 
scarce, or wljcre it is attacked by ants {e.g, Imli.a) 
sleepers made of wrouglit or cast iron are used. 
The Okdikauy Oaugg in Europe and America is 

4 ft. 84 in. In Ireland it is 6 ft. 3 in., and India 

5 ft. C in. Karbow Uauoij varies from 1 ft. G in. to 
3 ft. G in., a very large mileage being on the metre 
gauge (;{ ft. in.) The Junction of one line of 
rails with another is effected by means of switrohes 
or points (fig, 3). These are tapering movable 
rails. The intersection of one rail with another 
is termed a CbossiNg. In America it is termed 



this country will comply with the snggestions of the 
c^jmmittee. They will be manufactured of steel 
made by the Bessemer or Siemens-Martin process and 
to the following limits in chemical composition, riz.: 
Carbon .... 0-.36 to 0-5 per cent. 
Manganese . , . -TtolO „ „ 


Carbon 

Manganese 

Silicon not to exceed 

Phosphorus 

Sulphur 


OT 

0-075 „ 
0-08 .. 


A, Movable Tonoue or Switoh. 

B B, Htock liaila. 

CCO, Blule Clittin. 

I), Cmaaing or Froar. 

E B, Check or Ouard Rails. 

a Fhog (fig. S). To in.snre the safe movement of 
trains. Signals and signal boxes are provided at 
stotions, and also at intervals between them. The 
signals are usually worked by manual labour by 
means of levers, and are so arranged that it is not 
posHble to lower a signal for the passage of a train 
unless the points are properly set, look^ in position, 
and all eonfiicting signals at “danger,” This is 
termed “interlocking.” See fig. 4. At present 
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power eignalling ie coining into favour, the power 
being either oomprcssed air or electricity, in lien of 
manual labour. A farther development ie the autO' 
matifi signalling. Briefly described, this system is as 
follows (fig. 5): The line is divided into sections of 
about one mil^, and the rails at these points are in¬ 
sulated by means of a siKicial block joint. Every such 
Icngtli forms a distinct section from block to block 
with the signals controlling it, the intervening joints 


as to ensure the distant signal remaining at the " on.*’ 
or danger position until the home signal on the next 
forward post has returned to the “off” or alright 
position after the train has passed out of the next 
adjoining section. Fig. 5 shows a diagram of one 
section of a line with an automatic pneumatic 
signalling installation. Doubtless automatic signal¬ 
ling will be extensively adopted in the near futnre 
on main lines. It not only increases the carrying 




The road ia act for a down 1)100011 and np main train; and before Signals A C E! J K and L can be lowered, the Points at X X 
tiiust be lucked over in i)ositioo, and all conflicting Sigoala mtis^be at the danger position aa shown. 


being lionded (i.f. electrically connected) by means 
of copper or other suitable wire. The semaphore 
signals are placed in proximity to the bonded joints, 
and are movefl by levers nctu.attfd by compressed air, 
controlled by valves. The latter arc oporattid by 
electro-magnets, working with rel;ij.s (q.v.) on the 
rail or track circuit A track battery is connected 
in circuit with the rails, and placed at t!ie eiul 
farthest from the signals; a low voltage current is 
transmitted through one rail to a rcl.ay again-t the 
signal and througli this relay back to ti»c battery 
along the other rail. A signal battery having a 
circuit through the contact joint on thc tnuck relay, 


capacity of the line, but tends to greater safety in 
working. 

In no detail has greater strides been made than the 
Locomotive. From a machine weighing tons, 
working at a steam pressure of about 50 lb. and 
capable of hauling some 20 tons, we now have engines 
exceeding 100 tons, with a weight of 20 tons on the 
driving axle, working at a pressure of about 210 lb. 
l)er squaib inch, and capable of hauling 500 tons and 
upwards. In Amcricfi goods trains weighing as much 
as 3,000 tons .arc not uncommon. To facilitate the 
working of Iraflio at goods stations numerous 
mechanical devices are used, such as steam. 
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„ ® C C, Main Ilatlery. D D 1> D, Electro Pnemnatio Valves. E E. Relay Coil. 
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operates an clectro-pnenmatic valve by means of the 
electro-magnet. Assuming there i.s lio tniin on the 
line, the signals stand at the “alright” or “off” 
position by reason of the air pressure in a cylinder 
actuating the semaphore. This comi)ressed air is 
generated at a central gonernting station, and 
conveyed along the railway by means of a small iron 
main. When a train enters a section the track 
cirenit is broken down by the wheels and axle 
forming a short cirenit; the relay is now dc-encrgised. 
This has the effect of closing the valve supplying the 
air, and the semaphore goes to the ** danger ” or “ on " 
position by gravity. Circuit breakers are so arranged 


hydraidic, and electric cranes, hydraulic capstans, 
turntables, and hoists. 

Brakes. —The block system in connection with the 
working of railways is compnisoiy in this country, as 
is also the use of automatic continuous brakes on 
passenger t rains. There are several such brakes, but 
only two in general use, ris. the Westimohoxtsb 
Automatic and the Automatic Vacuum. Shortly 
described, the former is worked by compressed air 
obtained from a small compressor fixed on the engine, 
which compresses air to about 80 or 1001b. per square 
inch. Fig. 6 gives a dia^am of the working of the 
brake, llie compressed air is stored in a main reservoir 
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fixed under the engine, and from this it is conveyed 
by a main pipe the whole length of a train. Branch 
pipes connecting with a triple valve, subsidiary 
reservoir, and brake cylinder are fixed under each 
vehicle, and two brake blocks are usually placed 
against each wheel. The brake cylinders we provided 
with a pair of pistons held together by spiral springs, 
and under normal conditions the main pipe and 
reservoirs arc charged with compressed air which is 
shut off from the brake cylinders by means of the 
triple valve, and equilibrium is maintained. To 
apply the brakes the driver or guard opens a valve 
which reduces the pressure in the main pipe, opening j 


ejector is again brought into action and a vacuum 
created. In the event of the main pipe becoming 
severed accidentally, air is admitted and the brakes 
are automatically applied. This brake is also' very 
rapid in action and is largely used. 

Elbcteioity as a motive power is now being much 
favoured by railway companies, the advantages 
claimed being that it enables a greater volume of 
traffic to be dealt with at a reduced cost of working. 
Several existing railways are electrifying their 
systems, a notable instance being the underground 
lines of London. In America electric railways have 
already reached a considerable mileage, and there is 



the top port in the triple valves and causing the air 
in the subsidiary reservoirs to enter tlie bnike 
cylinders between the two pi.stons, forcing thorn 
asunder, and actuating the brake blocks by rods and 
levers. A similar operation takes place automatically 
should a vehicle become detach^ accidentally, as 
the main pipe is thereby severed. By opening a 
valve between the main reservoir and main pipe the , 
pressure is restored, the brake blocks return to their j 
normal position and equilibrium again obtains. The ; 
action of this brake is very r-apid ; trains travelling at j 
great speed can be jmllcd up in little more than their •• 
own length. Fig. 7 shows diagranimatically I ho work- ■ 
ing of the Automatic Vacuum Bbake. Ibis consists i 


little doubt the development of this system of motive 
power is likely to be far reaching. 

A Light IIailwa.y is a railway made under 
powers obtained from the Buard of Trade and tiio 
Light Railway Act, the object being to develop 
country districts at pre.sent not ])rovi(led with 
railways. Such lines are con.structod as cheaply 
as possible, level cros.sings are allowed in lieu of 
bridges, and signalling is as simple as is consistent 
witli safety.—A. W. S. 

Railway Wheels. Although the wheels and axles 
used on railways vary iti detail, the general types 
do not differ greatly. There is, however, a marked 
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Fiu. 7 .—The Vacuum Automatic Bkare. 


'3au. i(v.y£. 


of an ejector placed on the engine connecting with 
brake cylinders and vacuum chamber.-, fixed under 
each vehicle by a main pipe which extends tlie whole 
length of the train, terminating in the guard’s van. 
The brake cylinders are fitted with a piston connected 
with brake blocks on each wheel by means of rods 
*and levers in a manner somewhat .similar to the last 
described brake. Before starting a journey tlie driver 
operates tiie ejector which creates a vacuum in the 
main pipe and brake cylinders, cquilibrinui then 
obtains, and the brake l>locks iiang free. To apply 
the brakes the driver or guard opens a valve admitting 
air at atmospheric pressure into the main pipe, which 
enters the brake cylinders and forces the piston 
upwards: this in turn actuates the brake blocks. To 
restore equilibrium aud remo\e the brake blocks the 


difference between the wlicels of a roadway and a 
railway vehicle; i^. in tlie case of the former the 
wheels revolve on the axle, whereas on the latter the 
wheel and axle revolve together. There aits two 
general types of railway wheels in use in Great 
Britain, viz. tlie open body with spokes or arms 
now used chiefly for wagons, aud the solid boily or 
Mansell wheel fitted to carriages and vans. A wheel 
cousii.sts of the axle, terminating in journals (which 
accommodate the axle-box, bras-ses, springs, etc.), 
boss, body, tread, and tyre, the two latter together 
constituting the flange. The axles are made of a 
high class wrought iron or steel, capable of being 
bent double, when cold, without fracture; the boss 
may be of cast or wrought iron, and is shrunk on 
the axle ; the body may bo of wrought iron or solid 
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wood; the Aange is of steel. When the body is of 
wrought iron the spokes or »nns are fixed in the 
hub, and secured to the fiauge by ^hrinking and 
keying (fig. 1). In a Mansell wheel the solid 





1. Axle. 2. Journal. 8. Uosa. 4. Bud;. 


wooden body is bolUid to the hub an<l flange, as shown 
in fig. 2. The advantages of a Mfui.sell wheel are the 
redueticjii in resistance and a continuous .support to 
the flange. In America and other coimtrie.s a wheel 
made of east iron i.s favoured. A systi'iii now largely 
adopted i.s the bogie truck, which consists of two or 
three pairs of Mansell wheels attached to a frame. 
Tlio carriage rests on two such bogie trucks, one at 
e.ach end, and is fixed by a pivot placed in the centre 
of each truck. This arrangement greatly reduces the 
rigidity of the wlicel base, and enables the vehicle 
to travxd round sliarj) curves with the minimum of 
friction. 

Rain {Mcteorol.) When clouds form over a region 
in which the air is nctirly or quite saturated with 
moisture, the globules of water which form the 
cloud unite and descend through the stratum of 
moist air underneath, and fall as rain when the 
temperature is above freezing point. See Clouds 
and Salt. 


Rainbow (^Meteorol., Phyt.) The {irismatic arch 
of light formed by the reflection of light from the 
internal surface of drops of rain on which the sun 
is shining. The chief or I'BiHAinr Bow has a radius 
of 4U° for the violet and 42° for the red light; hence 
the violet is inside, the red outside. The Sbcondaby 
Bow is due to light which has been reflected twice; 
it is outside the primary bow, and the relative posi- 
tion of the colours is reversed. The radii are 61® 
for the red and 64° for the violet light. Bows due 
to three, four, etc, reflections are occasionally pro¬ 
duced; they lie between the observer and the sun, 
but are obscured by the bright light. The fifth bow, 
however, is occasionally observed, as it lies in the 
same part of the sky as the primary and secondary 
bows. ].,UNAn Bows, which are similar phenomena 
]>rodaced by the moon, are occasionally noticed 
under favourable conditions at full moon. Inside 
the primary or just outside the secondary bows 
there may sometimes bo seen other bows; these 
are termed Complementary. Spurious, or Super¬ 
numerary Bows; they are due to Interference 
(y.r.) 

Rain Clood (Meteorol.) A cloud or system of 
clouds from w'hich rain is falling. This type of 
cloud is the Nimbus or Cnmulo-cirro-stratus, See 
CLOUDS. 

Rainfall (Meteorol.) The amount of rain falling 
in a given time is expressed by the depth to which 
it would cover a flat surface it the whole of the 
water remained upon it. “ One inch of rain ” is an 
amount which would cover the ground to a depth of 
oue inch; this requires about 60,0tXt tons of water 
per square mile. See also Meteorology, 

Rain Gauge (Meteorol.) An instrument which in 
its simplest form consists of a funnel wliose opening 
or mouth is of knowu area, and a collecting vessel, 
screened from wind and sun to prevent evaporation, 
placed beneath it. By measuring the total (piantity 
of rain collected in a given time, it is easy to 
calculate the amount which has fallen on any area. 

Rain Water ((’hem.) See Water. 

Rain Water Pipe (Build.) The pipe that carries 
the water from the roof, gutters, etc. 

Rain Water Separator, Roberts’. An apparatus 
wliioh prevents t lie susjiended matters—soot, decaying 
lo.iVcs, bird droppings—in rain water from passing 
into the stor.age tank. The separator is made of 
zinc- upon an iron frame, tlio centre jiart being placed 
oil a pi\ot. The first part of the rainfall passes 
Ihrougli a waste pipe, and after a certain amount 
has fallen the siqiarator cants over and {xisses tlie 
clear water into the storage tank. 


-, Geological Action of. Rain water contains 

a small percentage of carbonic acid, which enables it 
to act chemically upon various rock.s, especially upon 
limestone. But'its chief function consists in wash¬ 
ing away disintegrated matermls, and thus exposing 
now surfaces to attack. Furthermore, rain contains 
a small percentage of the salt dust derived from sea 
spray, which is transferred from the air to the land. 
These salts may be carried by streams to arid regions, 
anti there accumulate as the water evaporates. 

Rain Band (Afeteorol.) An absorption band in 
the solar sixsetrum duo to the aqueous vapour in the 
eaith’s atmosphere. The iuteiisity of this band 
increases as the aqueous vapour becomes more 
abundant. 


Raised Beach {(reol.) Strictly speaking, the terra 
•• raised beach " ouglit to be restricted to deposits of 
sand and shingle wliich have been formed at tho 
margin of a lake or on a seashore by the action of 
tlie waves, and have subsequently been elevated by 
terrestrial movements to a position in which, while 
the level character of the surface is .^till retained, the 
waves can no longer affect the deposit. But the term 
is also ap])lied ti> a rocky shelf or ledge which has 
been sculptured 1 y wave action, and has been elevated 
so as to be out of reach of the agent that shaped it. 

Raised Oil. See Raising. 

Raised Panel (Carp, and Join.) A panel tbiokec 
in the centre than at the edges. 
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Raised Work (Eng.") Sheet metal work which 
has been shaped by hammering. This process is 
chiefly used in the production of ornamental work in 
copper, brass, etc. 

Ralaing {LeatJier Manv/ae.") A process of raising 
or recovering the oil from the washings in the 
nmnufactiire of chamois or oil leather. The wash 
waters are run into a large tub and heated with acid. 
The acid splits up the soap, and the oil is “raised” 
and floats on the surface: this oil is termed “ liAiSED 
Oil ” or “ 8od Oil” (^.r.) 

- {Woollen Idanvfae.') Applied to woollen 

cloths, and consists of drawing the fibre from the 
surface of the tlireads by ine.tns of teazles or canl 
wire. Such cloths ns beavers, meltons, pilots, 
blankets, etc., are raised 

Raising Piece {Ca^p.) A timber laid on a wall or 
other support to cariy a beam or be.ams. 

Raising Plate {Carp.) A wall plate for carrying 
the heels of rafters. See Kooks. 

Rake (MiHing). A Cornish term for a lode or 
vein. 

- , Raking. (1) Slope or inclination. (2) A 

tool of the familiar pattern, used in many metal¬ 
lurgical and other operations. 

Raking Bond {Build.) Diagonal or herring-bone 
bond. 

Raking Cornice {Archlteet.) The corniec in a 
pediment (</.r.) bounding the sloping sides of the 
tympanum (y.?'.) 

Raking Flashing (Build.) The inclined fla.sbing 
(qx.) used on a roof against a stone wall. 


Random Rubble {B«ild.) Masoniy consisting of 
stones of various sizes and shapes which are not 
built in courses. 

Range. (1) Compass, extent, soopc. (2) A series 
of thinp standing in line. (3) The scries of sounds 
of which the voice or a musical instrument is 
capable. (4) A kitchen grate with which is combined 
a cooking apparatus, etc, 

—- (Biol.) (1) The geographical distribution 
of an animal or plant. (2) The geological period 
throughout wliich it has existed on the earth. 

Ranging or Setting Ont (Surveying). The location 
! and marking on the ground of required points. 

^ Ranging Rod (Surveying). A simple straight rod, 

I coloured so as to be easily distinguishable, used for 
I marking any requireil point. 

Rank (Mmie). Used of pipes in an otgan, and 
I signifies a row of pipes belonging to a certain stop. 

; The mixtures are of three, four, or five ranks. See 

! Mixtures. 

( 

Ranseur (Arms). A mediieval spear with ac> 
i ecssory spikes at the base of the point, 

Ranuncolacea (Botany). An im{)ortant natural 
' order of Dicotylodon.s, cliiefly found in the North 
: Tcnqicratc Zone. Many garden and medicinal plants 
' belong to the order, such as Aconituin, Actma, 

: Clematis, Kanunculus, iH^^inium, Tmonia. 

Raoult's Method (Chem.) A mcthrxl of deter* 

I mining molecular weight by the lowering of tlio 
' freezing point of a solution. The apparatus com* 

; monly employed is Keokmann’s. It is described 
' under Frebzino I’oist (q.v.) 


Rallentando (Musie't. Uraduully decreasing the 
pace. i 

Ram (Bnj.) The piston of a liydraulid press (q.v.) ' 
Ramie Fibre (Botany). A fibrou.s material which 
is now often used f(*r many purposes in which cotton 
was formerly employed. See Khea. 

Ram Leather ( Bug.) The cup leather of a press. 
S-e l-lYDBAULIC I'UESS. I 

Rammer (Foundry). A oa.st iron hca<l fixed to a 
handle; used fur filling a moulding box .and forcing ' 
the sand into close cont.act with tlie piittern. ' 

Ramp (Build.) (1) A curve, concave on the upper 
surface; c.g. tlie upward bend (f a han<lrail at a 
landing. (2) The curved or straight .'■lioulder (vin- ; 
necting the coping of a wall at different le\els. ; 
(3) The coping of a stair or ste(>s. (4) The difference j 
of level in the abutments of a Uampant Arch (q.v.) ! 


Rape Oil. Tliis oil is substantially the same as 
<‘C)lza oil, and is ])repare<l by expressing the small 
black spherical .seeds of the rape )ili>nt, Braeniea 
Haptix, which is grown in most part.s of Europe and 
in many places abroad. The oil i.s used for illnmin- 
ating, in .soapmuking, and for lubricating purpo.ses. 
8 p. gr. at 18“ (’. 0 914 to O Slfl. 

Raphides (Botany), 'i'lic term applied to the 
needlclike ciyslals of oxalate of lime, iisiuilly acicnlar 
in form, found in tI>o tissues of many plants. 

Rapidamente, Rapido (Munic). \\*ith rapidity. 

Rapier nnt). A light, narrow, .sharp pointed 
sword la .iinall sword), designed for thrusting, used 
from the sixteenth century onwards. Originally a 
long two cdgeil sword, suit(^ for cutting or thrusting. 

Rapping (Foundry). Ix>oscning a jiattern from 
the sjind by tajiping or hammering. To prevent 


- (Eng.) An inclined plane u.sed in raising 

or lowering heavy weights through small distances. 

Rampant (Tfer.) Lions and lieasts when repre¬ 
sented standing on the hind legs with one fore k g 
elevated arc blazoned rampant. It is the natural 
position of an animal springing oa its prey. 

Rampant Arch (Build.) An arch with its 
springing idgiier on one abntment than the other. 

Rampant Gnardant (Ber.’ As rampant, but face 
turned to sficctator. 

Rampant Regnardant (Tier.) As rampant, but 
head turned to look behind. 

Random (Typog.) A sloping frame, generally 
used in making up type into pages. 

Bandom Ranges (Textile Manufae.) Experimental 
ranges or pattern trials maile with a view of acquiring 
styles from which ranges proper riiay be constructed. 


injury to the pattern, plates of metal termed 
KaI’PINO I’lates are let into the wood in convenient 
positions; tlicse may be struck with suitable tools 
termed Rapping Bars and Rapping Mallets. 

Rasch (Mufic). Quick; comparative, rascAer. 

Raschette Furnace (Met.) A form of Blast 
Furnace (nee FuR.VArES) with a wide hearth and a 
number of tuyeres; it is used in smelting lead and 
cojiper in America. 

Rasp Files. 

Raspberry ( Botany). A well known fruit, Auhun 
idteve (order, Jtogaeete), consisting of an aggregate of 
drupes. Each small drupe lias a similar structure 
to that of a clierry or plum. 

Ratohet. A Ratchet Wheel (q.v.) 

Ratchet Bar ( Eng.) A bar with teeth like those 
of a Ratchet Wheel (q.v.) 
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Ratehet Brace {.Eng.) A tool for drilling boles 
in confined situationB ; tbe drill is rotated by a 
ratchet actuated by the handle of tbe brace, and 
pressure is apjilied to the tool by means of a screw 
which works in a nut on tbe brace itself or in a 
separate frame or clamp; turning this screw causes 
the *' feed ” or motion of tbe drill in the direction of 
its own length. 

Ratchet Drill (Eng., eto.) See Ratchet Bbace. 

Ratchet Wheel (Eng., etc.) A wheel with teeth 
of peculiar sliape, somewhat resembling those of a 
circular saw. These teeth engage witli a Pawl, a 
piece of metal hinged at one end and coming in 
contact with the edge of tbe teeth at tbe other. The 
paul may serve the purpose of communicating motion 
to tl»e wheel or of preventing it from turning back* 
ward it allows motion in one direction only). 

Ratohinj (Cotton Sjnnning). The excess speed 
traverse of a mule carriage over tlie roller delivery 
ns it travels outwards. This has the effect of 
stretching and sabjecaiug tbe twisted thread to a 
further draft, and produces a more even spun thread. 
Sometimes spoken of as “ Carriage gain.” 

Rate of a Chronometer (Astron.) I^e amount 
it gains or loses during one day. Kate is reckoned 
positive wlicn the clock loses. 

Rate of Denudation (Oeol.) See Denudation, 
Rate oe. 

Ratio (Math.) The relation between two magni- 
tiide.s or quantities of the same kinil; it is cxpres.sed 
by stating what multiple, part, or parts, one (iviauUty 
is of the other. In mathematical svmbols the ratio 

A 

of A to B mav be written A : B or — 

B 

Rational Formula (niem.) Is the same as con¬ 
stitutional lormula. See Chemical Foumcla. 

Ratio of Expansion (Eng.) Tlic relation of the 
final volume to the initial volume of a which is 
allowed to eximnd. The term is espt'cially applied 
in engineering to the expansion of steam in the 
cylinder of an engine. 

Ratio of Specific Heats (Phyn.) See Specific 
Heats of Gases. 

Rat Trap Pedals (Cycles). Pedal-s in which the 
foot rests on notciied steel bars instead of on bars 
coaered with rubber. lagliter than tbe latter form, 
but not so free from vibration. 

Raw. A term applied to various substances to 
denote that they arc in a natural, unrefined, un¬ 
manufactured, undiluted, or nmlressed condition; e.g. 
raw little => untanned hide; raw silk, silk simply 
reeled from the cocoon. 

Raw Hide. Leather which has not been tanned. 
It is sometimes usetl for tliongs and for driving belts. 

Raw Himaed Oil. Oil that has not been boiled, 
so called to distinguish it from Iwiled linseed oil. 
See OlLH. 

Ray (Mosie). Second degree of scale in “ Movab'e 
Dob ” system. 

- (Phys.) The line along which the dis¬ 
turbance produoetl in any form of wave motion 
travels. Thus a lay of light may be regarded eit her 
as a line along which liglit travels, or as a normal to 
the wave front (y.r.) 

Rayoim£ (Her.) See Radiant. 


Rays (Her.) The sun ns a cbapge is sometimes 
represented with rays; they are alternately eHaaght 
and wavy, and sixteen in number. 

Rb (Chem.) The symbol for RUBIDIUM (q.v.) 

Re (Music). The sol-fa syllable for, D. 

Reactance (Elect.) Tliat part of the impedance 
(q.v.) of a circuit which is due to its self induction 
and capacity. In most cases in practice the effect 
of capacity can be neglected, and the reactance is 
2imL, where L is the self induction and n is the 
frequency. Cy. Impedance. 

Reactance Coil (Elect. Eng.) A Choking Coil 

(q.v.) 

Reaction (Chew.) Chemical action occurring be¬ 
tween two or more substances. 

- (Mech.) A general term for a force whicb 

is acting in ofiposition to another force or system 
of forces. 

Reader (Pypog.) A person whose province is to 
j correct errors of the compositor in setting type, 

1 revise the various proofs, and be responsible for the 
! accuracy of the forme liefore it is finally printed off. 
His dutic.s commence with the first proof or im¬ 
pression, which is “run through” with the copy by 
its side, and all literals and other obvions errors 
marked by means of special signs. See Peoop Cob- 
BECTioxs! Tlic copy is then given to a boy or girl, 
usually called a copyholder, wlio reads it aloud while 
the reader verifies the proof, paying special regard 
to orthography, ])unctuation, division and compound¬ 
ing of w. ids, Use of capitals,and the general “style” 
of the house, etc. When all the necessary marks are 
made, the proof is handed to the compositor, who 
corrects it and pulls a “revise.” Tlio reader com¬ 
pares this with tlie first proof t<i see that all his 
marks have been carefully followed, in which case 
the tyi3e is made up into pages and imposed, etc. A 
proof in sheet form is pulled and folded, but not cut. 
It is then tlie reader’s duty to read the headings of 
tbe pages, check the size, style, and register of the 
make up, and verify ttie folios or pagination, signa¬ 
tures, and connections of the pages. When these 
{mints ha\’C had due attention by the compositor, the 
author’s proof is pulled; and after the reader haS' 
indicated upon it any query he deems necessary to- 
raise, it is submitted for approval. On its return, 
this proof is carefully and critically perused by the 
{jress reader as a whole. In the event of the altera¬ 
tions being considerable, involving disturbance of 
lines or paragraphs, the proof is first given to tbe 
compositor; and after the author’s corrections are 
made, a further proof or {iress revise is pulled, upon 
which the final marks are made, and the work 
“ passed for press.” 

Readers’ Marks (Tgyog.) See PhooF CoB- 

I EB(;TiON.a. 

Reading Beds (Geel.) A series of clays, loam, 
and sands, with some pebble beds, formed under 
fresh water, estuarine, and marina conditions during 
the Lower Eocene I’ericnl in the London Basin. The 
estuarine and marine type is found to the east of 
London, and the fresh water type mostly to the^ 
Bonth and the west. 

Reading Hioroseope cr Telescope (Phys., ete.y 
A microscope or telescope used for reading the- 
indications of a finely divided scale or other instru- 
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went, or for measuring small distances. Beading 
micriiscopcs are usually mounted so that the axis 
of the instrument can be moved parallel to itself 
through small distances, which can he accurately 
read off on a scale attached to the frame of the 
instrument. In many cases a tine adju.stment is 
provided by means of a screw with a graduated 
head. 

Reading Off {^Laee Manufac.) Converting the 
line.s tliat represent threads upon the draft into 
figiirc.s for the use of the Jacquard card pnnclier. 
Si‘e Deaftiso. 

Reagent {ChemS) Any chemical substance (ele¬ 
ment or compound) used to bring about a chemical 
change. Thus in qualitative analysis the 

chcmical-s used to precipitate the various groups of 
metals arc called group reagents. The w'ord is, in 
fact, more commonly used to denote chemicals used 
in testing than any others. For example, uo havo 
the alkaloid reagents (q.v.), Nessler’s reagent {q.v.) 
rhenylhydrazine is a reagent for aldehydes and 
ketones. 

Real Fugue (Mimir). A fugue having the intervals 
of the answer strictly repeated in the fifth above (or 
fourth below), e.ff .: 


Sohject. J. S. Bach. 



Realgar One of the sulphides of Arsenic; [ 

AsS. Arscnio = 7rt I, snlphur=25(Hperoeiil. Mono- 
symmetric*, usually'' massive. Colour, orange red ; 
lustre, re.sinous. It is usually associated with tlie 
other siilpliide Orpiment. Fioni Northern ilungaiy, 
Transylvania, Bohemia, Asia Minor, etc. 

Real Image {LigM.) See iM.iGE Conjugate 
Foci. 

Realism (Art, etc.) Rendering or reprodiuing 
precis*) details of a .subject or scene, in rec**iit yeans 
tlie term bas been <*mployed to indicate that tlic 
details are of an unpleasant character. Opposed to 
Idealism. 

Ream (^Paper Trade). A certain quantity of . 
paper, generally 48U sheets or 20 quires, hut varying j 
slightly accorciing to the purpijse for wlneli it is j 
intended ; e.g, a printers’ ream consi.sts of 21J quire.s | 
(5I<» sheets), to allow for waste in printing. j 

Reamer (En-g., rfe.) A tool u.sed for enlarging or 
truing a hole already drilled. A cottnnon forin <ori- 
,sists of a short shaft w'itb longitudinal cutting ridges. 

Rear Vault (^Arelntect.) The vaulted surface on 
the interior of a window head in a thick wall. 

Rebate {Carp., etc.) A synonym for I'AHnET 
{q.r.) 

Rebated {Tier.) Broken oiT. 


is snggrated. For instanoe, Bearing blazons a doer 
and a ring; Ashton, an ash tree issuing from a tun 
or cask; Abbot Ilamrygo adopted for supporters two 
rams wearing collars with the letters “ Ryge.” 

Reoaleacenoe iPhyg.) If a piece of iron wire 
which has been heated to a red heat be allowed to 
cool in a dark room, it cools down, losing its glowing 
appearance, and then suddenly glows out again, 
when its temperature has fallen to a certain valnc. 
This phenomenon is termed IIecai.E8CEncjc, and the 
temperaturo at which it occurs the TSHFEtLATUBJi! 
OP IlECALKSCENCB. 

Receiver {Eng., ete.) (1) A general term for a 
receptacle, place of storage, etc. (2) In the foundry, 
a tank into which metal for large castings is rnn 
from the cupola, and from which it i.s run into the 
moulds. (3) In telegraph and telephone practice, etc., 
it signiQes the instrument by which a message is 
received. 

Recess (liuild.) Tlie inside of a Reveal (q.r.) 

Recessing Machine {Join.) A machine used for 
sinking {q.r.), lum.sing (q.r.), and for cutting out 
recessed and shaped work generally. 

Reciprocal. The reciprocal of a quantity is equal 
to unity divided by the (juantity. 

Reciprocal Figure. See GsArnic Statics, 

Reciprocating. Applied in engineering, etc., to 
mechanism of wliicb the parts move liackwai<ls and 
forwards alteniafely, as is the case in onlinary steam 
engines. 

Recitando, Recitante {Mitme). In a reciting 
nia liner. 

Recitative (Musir). A comiiosition without re¬ 
gular rliythin, being of a declaiaatory character, 
i Recitatives are of two kinds ; ( 1 ) Jteeitariro neeeo, 

I rccibitivc supported by occasional chords only, in 
' which the performance Ij in free time; and (2) 

I reeiiatiro rnn ararmpugna iiientn or glrouirntaffl, accoin- 
I panied recitative, in Jvhich the pcforniance is in 
coni[jaralivcly stricc time. “ t'oinfort ye My people ” 
(Handel's A/extia/i) Ls a good example of both kinds 
of reeiiativc. 

Recorder. An instrument wliich prodiice.s a 
recoi(I of its indications in some form of written or 
printed symbols. Ste aUe Recording Ammeter, 
ete. 

Recording Ammeter, Voltmeter, ete. {Elect.) 
An instrument by wliieh the value of a current, 
voltage, etc , i.-. coutinnoti.sly recorded on a drum or 
card. 

Recording Drum (P/igs., cte.) A revolving drum 
coveied with pajier or sonic other suitable surface, 
on which the indications of an instrument are 
recorded by means of a line wliose distance from a 
fixed zero line represents the displacement of tl-.e 
indicating portion of the insiniinent, and tlierefore 
tbe value at any given in.stant of some quantity 
whicli it is «lesirnd to record. The drum is 


Rebec {Areh>eol,) A lute-shaped musical instru¬ 
ment of mcdimval times, with one, two, or three 
strings, played by a bow \ the prototype of the 
violin. 

Rebut {Her.) An allusive device. Charges fre¬ 
quently occur in heraldry in which the bearer’s name 


rotated at a known uniform rate by clockwoik or 
other means. 

Recovered Sulphur {Ckem.) See Chance’s 

PROCESa. 

Rectangle. A plane, four-sided figure, whoso 
angles arc all right angles. 
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Reotangular Components. See Besolution of 
Forces. 

Reote et Retro, Per (MvHo), See Per Bectb et 
Betro. 

Reetifloatlon (Chem.) Literally a second dihtilla' 
tion. To rectify a liquid means to redistil it. Bccti- 
fied spirit is alcohol which has been at least twice 
distilled; it has a variable strength of from over 
80 to al)ont 1)1 per cent, by weight of alcohol, 

- (Hleef.') The conversion of an alternat¬ 
ing current into a continuous or uni-directional 
current. 

Rectified Spirit, t^e Alcohol. 

Rectifier {Elect. Eng.) A machine or piece of 
apparatus for converting an alternating current into 
a uni-directional current. A rectifier may be (1) a 
mechanical device of the nature of a Commutator 
{q.v.), or (2) a Botaby Converter (g.v.), or (3) it 
may depend on some electrolytic action, being then 
termed a Chemical or Electrolytic Bbctipieb. 
Electrodes formed by a pair of plates of aluminium, 
dipping into a suitable solution (e.g. ammonium 
phosphate) arc* connected to the alternating current 
supply, when it is found tliat the current will pass 
through the cell in one direction only. The current 
may be used for actuating an induction coil or even 
for charging accumulators. 

Rectilinear {Architect.) See Curvilinear and 
Perpendicular. 

Recto {Typog.) The right hand page of a printed 
work. ('/. VeH-so. 

Rectnm {Ztmlogy), The terminal portion of tlic 
alimentary canal communicating with the exterior 
by the anu.s. 

Red Boilders. See Bricks. 

Red Crafi {Geol.) A member of the Older 
Pleiocene Itock.s which is typically developed in 
E:ist Anglia. It contains a large number of spccic.s 
and individuals of fossil shells in a good state of 
preservation. The fonmation, as a whole, presents a 
ruddy aspect, whiesh is due to the presence of iron 
oxide, probably arising from the alteration of Glau¬ 
conite. 

Reddle {Eng.) A mixture of red lead and oil. used 
to show which parts of two surfaces arc in contact 
when brought together as closely as possible. The 
mixture is rubbed on one surface, and it marks the 
points of contact when the second surface is pressed 
or rubbed against the first. See Surfacing. 

- {Min.) An earthy variety of Hminatite 

(^.p.). used as a pigment and as a polishing agent. 
See Haematite. 

Red Fog {Photo.) A reddish haze on a negsitlvc. 
Red fog is very apt to make its appearance during 
intensifying with silver nitrate if the solution i.s not 
kept ill motion, or if too little acid is present as a 
rcstrainer. 

Red Heat. The temperature at which a body 
emits a red glow. It varies within certain limits, 
but may be given as 700" to 800" C. 

Red Lead {Chtm.) See Lead Compounds. 

- or Hiniom (iJce.) An oxide of lead having 

an approximate formula of rb, 0 ^ and a specific 
gravity of about 8 - 02 . It is of a briglit orange 
or scarlet colour, and is made from metallic lead, 
which is heated in an open furnace, a current 


of air being passed over the molten lead, which 
absorbs oxygen, and is converted into litharge. Thie 
is ground to a line powder, and heated in the famace 
a second time, when it absorbs more oxygen, and 
becomes (when cool) a bright red colour. The 
principal advantages of red lead have been thus 
summarised: It is inexpensive; it forms a strong 
protective covering to the iron or woodwork to which 
it is applied; it is very durable, re.sisting alike the 
action of frost, damp, and heat; it is remarkably 
adhesive ; it mixes well with linseed oil; it has 
a powerful drying action on oil, and hence dries 
quickly ; it po,s.sessc.s good covering properties, and 
it may be mixed with, or applied over, any of the 
other pigments without affecting them or being 
affected itself, with the exception of ultramarine, 
cadinm jellow, and those pigments which contain 
sulphur. The disadvantages are stated by way of 
contrast as follows : Bed lead is quite inadmissible 
as a water paint; it is inflnenc.ed by sulphuretted 
hydrogen, and turns quite black under its influence; 
it sets quickly; it is somewhat difllcult to work. 
The bright orange colour of red leatl is sometimes 
objectionable. This may be avoided by mixing 
lampblack in a ])roportion not exceeding 1 oz. 
to the pound. When used as paint it must be 
mixed fresh every day, or even several times a day, 
as it sets so quickly. About a gallon of limseed 
oil is required to grind 100 lb, of red lead. For 
jiainting articles which are to be subjected to a 
good deal of rough usage and hard wear, such as 
agricultural implements, carts, waggons, etc., red 
h-'iid is generally used. It is also employed to con¬ 
siderable extent for a priming coat {g.v.) on wood¬ 
work, bciiig mixed with white lead. It should not, 
liowever, be used under white work. The fact that 
it hardens quicklj' causes it lo be used largely in 
various cements. See also Lead Compounds. 

Red Oils ( Chem. Tech.) Crude oleic acid, obtained 
in the manufacture of stcarine. 

Red Oxide of Copper {Min.) See Cuprite. 

Red Oxide of Zinc {Min.) See Zincite. 

Red Phosphorns {Chem.) See Phosphorus. 

Red Precipitate ( C/im.) A common name for the 
red form of mercuric oxide. See Mercury Com¬ 
pounds. 

Redruthite {Min.) See Chalcocitb. 

- {Mining). See CoPPER Glance. 

Red Sandstones. See Building Stones. 

Redshort {Met.) A term applied to iron or steel 
which cannot readily be forged or rolled at or above 
red heat. It is caused by the presence of 0-2 per 
cent, of .sulphur in wrought iron or steel; 0'.> per cent, 
of copper in the case of iron ; 0-2 per cent, of anti¬ 
mony in either iron or steel. Pig iron coniainiiig 
0*3 per cent, of suljihur invariably yields rorlshort 
steel by the Be.sserncr or Siemens processes. In 
steel 0 5 per cent, of silicon causes redshortness. 
Compare Coldshort. 

Red Silver Ores {Min.) Cuder this term are in¬ 
cluded Pyrargyrite and Proustitb {g.v.) 

Reduced Work {Build.) A wall the standard 
tliickness of one ami a half bricks. All walls are 
reduced to thi.s thickness for the purpose of measure¬ 
ment, Sec Bod. 

Reducing Agents {Chem.) See Redaction. 
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Fomace (Met.) A furnace in which 
ores of metals are reduced, i.e. the combined oxy^n 
is removed. A blast furnace is therefore a reducing 
furnace. 

Rednoing Mixtures (Cliem.) A mixture of two or 
more substances, employed to effect llecluction (q.v.) 
A substance capable of acting as a (lux is often 
included in the mixture. 

Reducing Pipe, Joint, or Socket. A pi(>e or joint, 
etc., useil to connect together two pieces of piping of 
different diameters. 

Reduction (Ckem.) This process is the converse of 
oxidation (q.v.) It may consist in any one of the 
following operations : ( 1 ) removal of oxygen from 
a compound; ( 2 ) addition of hydrogen to a com¬ 
pound ; (3) changing an “ -ic ” salt to an “ -ous ” salt; 

(4) replying another element by hydrogen. Ex¬ 
amples : ( 1 ) when carbon dioxide is passed over red- 
hot carbon it loses an atom of oxygen, CO- + (' = 
2CO. Many metallic oxides when lieato<l witn carbon 
or in a stream of hydrogen or carbon monoxide give 
up oxygen, and are reduced either to tlie metal or to 
a lower oxide; thus ferric oxitie, cupric oxide, zinc 
oxide, stannic oxide, lead oxide all give the metal; 
but the oxides of manganese are only reduced as fur 
as manganous oxide, MnO. As an organic example 
the remov'al of oxygen from azoxybenzene (q.r.) by 
di.stillation with iron tilings may be given. (2) This 
may occur with or without resolution of the original 
compound into simpler ones. Aldehydes unite with 
hydrogen directly to form alcohols: 

R_C- +H = I1-C< il 

-vOH 

ketones (q.v.) to form secondary alcohols. Aromatic 
hydrocariwns and their derivatives are frequently 
reduced by .sodium and alcohol or by hydriodic acid 
to hydro-aromatic coinpijunds; for examples see vndcr 
Naphthylamin'es and Phthalic A(' 1 D. Hydra¬ 
zines are reduced by tin^^and hydrochloric acid to 
amines and ammonia ; e.q. 

C«n,. HX.NH., -e 2H = CsHsXlI, + NH,. 

Pbenylbydrazine. Aoibno. 

(5) This change can be effected in some cases in the 
dry way, as when hydrogen is passed over heated 
chromic or ferric chlorides. It is commonly effected 
in solution when the reaction i.s un ionic roaetirm and 
the actual change consists in the remt)val from a 
positive ion of one or more quantities of electricity 
each equal to that carried by tlie hydrogen ion ; e.g. 
the reduction of ferric chloride solution by zinc and 
dilute sulphuric acid may be represented thus : 

+ = ++ = 

Zn + 211 + bO, = Zn + bO, + H^ 

Metal. Ion. Free hydrogen, 

-r+'i- — ++ + — 

2Fe + 6 CI + H„ = 2Fe + 2H + CCl 

Ion. 

(4) Common examples of this kind of reaction are 
the replacement of chlorine or oxygen by hydrogen ; 
e.g. methyl iodide is reduced by tlie zinc copper 
couple in presence of alcohol to methane; trichlor¬ 
acetic acid in aqueous solution is reduced to acetic 
acid by potassium amalgam ; succinimide, 

CH, - CO 

I 

CH, - CO 



can be reduced to Z-pyrrolidine, 
CH, - CO 


-diH,.- 


CH, 


Nfl 


or to pyrroiidine- 


CH, - CH, 




NH 


CH, - CH 


See Pybbole. Reagents which effect reductions are 
called reducing agents; they are, of course, substances 
which can themselves be somewhat readily oxidised. 
Examples of reducing agents are hydrogen, carbon, 
8 ulpharou.s acid, sulphuretted hydrogen, stannous 
chloride, hydiio«lic acid, sodium stanuite, zinc dust, 
aldeh} des. 

Reduction Factor (Jklleet.) If a unit current in a 
galvanometer produce a magnetic field of strength 
U, and H be the strength of the controlling field (due 
to the earth, control magnet, etc.) at right angles to 

this, the ratio ~ it is termed the Reduction Factor 
li 

of the galvanometer. If the deflection S be pro¬ 
portional to the rurrent C, then t! — AS; in the case 
of a tangent galvanometer, C = A tan 5. See also 
Galvaxometebs. 


Redaction of Area. When a piece of metal is 
drawn out in a testing machine the area of its cross 
section becomes reduced; the amount of reduction 
wliich occurs before the specimen breaks is a good 
test of the quality of the metal. 

Redundant (Music). A term applied by some 
writers to augmented intervals. 

Redwood. See Woods. 

Reed (Carp, and Join.) A bead without a quirk. 

- (Music). A thin piece of cane or metal 

which vibrates and produces a musical sound when 
a column of air pa-sscs it. Reeds are of two 
kinds—free reed, as in the harmonium (q.v., p, 442), 
and the striking reed, as in the organ (q.v., p. 441), 
See also Reed Instsctmekts, p. 431. 

- (Weaving). A comb-like instrument with 

splits or dents of varying gauge. It is fixed in tlie 
loom sley, and serves three useful purixjses, vie, 
(1) it maintains tlie warp threads in corresponding 
positions throughout weaving, and fixes the gauge 
or set of the cloth; (2) assists in the beating up; 
(3) acts as a guide when the shuttle is crossing. Auto 
used in the preparatory pn>oe8.ses for regulating the 
width of warp threads. Reeds were first made of 
metal by John Kay, the inventor of the fly shuttle. 
See Loom. 

Reed Ma i»ka, Reedy ( Weaving). Defective streaki¬ 
ness warpways of the cloth, due to the threads rolling 
in the splits of the reed, particnilarly in mat weaves. 
They may also occur in the direction of the weft, due 
to the reed cutting the picks of weft. The reverse of 
“ cover ” (q.v.) 

Reef (Mining). (1) A lode or vein; (2) the out¬ 
crop of a vein. 

Reel (Textile Manufae.) A skeleton cylinder on 
which yam can be wound in 1 or I^ yard lengths, 
for the purpose of ascertaining its counts (q.v.) 

(Paper Manitfao.) Appmatns for working 
up the dry paper from the marine into a reel, for 
use on a Rotary printing press. See Tvf OGBAPUX. 



Reeling (^Cotton Manvfac,') Winding the thread 
1)7 means of a reel from a ring bobbin or cop into a 
standard length, soch as a “ lea ” or “ hank,” so as to 
be more convenient for dyeing purposes. Two forms 
of reeling are employed, rfe. (a) straight reeling, 
<(i) cross reeling. 

- {Textile Mamfae.) The operation of 

reeling and lianking the yarns. Woollen yarns are 
banked on the 1 yard reel, worsted on both 1 yard 
and 1} yard, and cotton on the yard. 

Reel of Peper {Paper Trade). The form in which 
paper is supplied fur use on Botary machines. It is 
printed in continuous lengths. 

Refectory {Architect.) A hall in which meals 
were formerly taken. 

Reference Marks {Typeg.) See Notes. 

Refined Iron {Met.) W'hlte cast iron which has 
been partially deprived of its carbon previous to 
the process of puddling {q.v.) I’lie process termed 
Befininq (q.v.) is dispensed with when the pig 
iron is converted into wrought iron by the process of 
I’la Boitiso or Wet injDDLiJJO (q.v.) 

Refiner {Paper Mawifae.) A conical shaped 
apparatus similar to the ‘‘perfecting engine” used 
for beating pulp. 

Refinery. A place in which the processes of 
Befining {q.v.) are carried on. 

Refining. A term applied in a very wide manner 
to various purifying processes, e.g, the final stages 
in the manufacture of spirits, sugar, metals, etc. 

Refining of Iron (Met.) Pig iron is heated in a 
fnniaco rc.sembling a cupola, or small blast furnace, 
but with a number of tuyeres which i)oint downwards 
towards the hearth, so as to cause an abundant snpf)ly 
of air to play on the molten iron. A great deal of the 
carbon and most of the silicon arc oxidised and 
removed from the iron, which is then run into 
moulds, suddenly cooled by water, and broken up, 
when it is ready for Ihiddling {q.v.) See also Inos. 

Refieoting Galvanometer {Elect.) See Ualvano- 
HETEIta. 

Refiecting Telescope {Attron.) A telescope in 
which a mirror is emploj'ed for obtaining the primary 
image. They take several forms, the chief of which 
is known ns a Newtonian. 

Refiection (Phys.) If any disturbance, whether of 
the nature of wave motion or of actual motion of 
translation of matter, impinge nfjon a surface which 
changes the direction of motion of the disturbance, 
and sends it back through the medium on the same 
side of the surface as that on which it was originally 
travelling, the disturbance is said to be Keflected. 
The surface which produces the change in direction 
is said to be a Beflecting Bubi'acb. 

Refiection Orating {Phys.) See DiFFBAtrriON 
Qeatikg. 

Refracting Teleeoope (Attron.) A telescope in 
which a lens is employed for obtaining the primary 
image. 

Refraction (Phys.) If a disturbance pass from 
one medium to another, the direction of propagation 
generally undergoes a sudden change; the ray (q.v.) 
is turn^ through an angle at the point where it 
meets the surface of separation of tho two media. 


This bending, or change of direction, is tenned 
Befbactiox. The same term is also applied to 
other phenomena having a certain resemblance to 
the foregoing, e.g. the change in direction of the 
lines of fiow of an electric current when it passes 
from any conducting medium to another of different 
conductivity, or of the lines of electric or magnetic 
force in passing from one medium to another of 
different Bpecilic Inductive Capacity (y[.v.) or different 
Permeability (q.v.) respectively. 

Refractive Index {Phys. ) See Index of Bbfbac- 

TION. 

Refraotometep (Phys.) An instrument for the 
measurement of the refractive index (q.v.) The 
Iktebfebbncb Befbagtometbu depcncts upon tho 
interference of two beanu of light, derived from 
tho same original source, when a transparent 
medium is interposed in the path of one of the 
beams. 

Refractory (Met.) Applied to infusible substances’ 
such as fireclay, lime, etc., which are used as crucibles 
and furnace linings. 

Refrigeration. Cooling to a low temperature. Tho 
process is extensively applied to articles of food 
(meat, etc.) in order to prevent decomposition during 
transit. 

Refrigerator. (1) A cold chamber for storage of 
perisbalile foods, etc. (2) A machine for the artificial 
production of cold. On a large scale this result is pro¬ 
duced by allowing a compressed gas to expand rapidly 
in coils sic.'oundcd by brine or air. Heat is absorbed 
and refrigeration effected. The compression of the 
I gas is effected by pumps driven by power, and the 
I heat produced by the compression is carried off by 
I means of water jackets through which a continuous 
; stream of water circulates. Ammonia gas or carbon 
dioxide is found to be very convenient for this use; 
after expansion, it is again compressed, and used over 
and over again with little or no loss of gas. 

Refuse, (a) Street. By Sec. 29 of the Public 
Health (London) Act, 1891, it is the duty of tho 
Sanitary Authority to collect and remove street 
refuse, defined by Sec. 141 to (ionsist of dust, dirt, 
rubbish, mail, road scrapings, ice, snow, and filth. 
(J) House. Bee. 30 requires the removal by the 
Sanitary Authority, at proper periods, of all house 
refuse, defined as ashes, cinders, breeze, rubbish, 
night soil, and filth, but does not include trade refuse, 
(f) Trade Refuse, that is, the refuse of any trade, 
manufacture, orbusine-ss, or of any building materials, 
must be removed by the Sanitary Autliority at the 
request of the owner or occupier of the premises, 
and on payment of a reasonable sum for such 
removal (Sec. 34). (<l) Offensive Eefuso. It is not 

the duty of the Sanitai-y Authority to remove such 
refuse, but the Sanitary Inspector shall serve a notice 
on the owner or occupier of the premises where it 
exists, requiring its removal. If within forty-eight 
hours the notice is not complied with, the Sanitary 
Authority may remove and sell or otherwise dispose 
of it (Sec. 35). 

Regal, Regale (Arehaol.) A miniature reed-pipe 
organ of the sixteenth and seventeenth centuries. 
It was supported by the player, the bellows being 
manipulated by one hand and the manual played 
by the other. 
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Regelation (llmt). If ice be subjected to pressure, 
tbc freezing point is lowered, and some of the ice 
melts. On the withdrawal of the pressure, freezing 
occurs ngnin ; to the latter process the term 
llogelation is applied. 

Regenerative Fumaoe* A furnace in which hot 
waste gases are utilised to heat the incoming air, or, 
in the case of gaseous fuel, the mixture of air and 
combustible gases. They first pa-ss through a ch.airiber 
filled with open brickwork, to which a l.argo portion 
of the heat is given up; when the chamber is 
mfiicientlj' heated, the air, or mixture of air and 
combustible gases intended to supply the furnace, 
is caused to pass through it, wiiile the waste 
gases flow through a second brickwork chamber or 
Reubkebatub. Thus the air and gas entering 
the Regenerative Furnace arc already sit a high 
temperature, and economy of working results. 

Regenerator {Met., etc.) The chamber of a Re¬ 
generative Furnace {q.v.) It is filled with brickw'ork 
arranged as chequer work, i.e. w’ith spaces between 
the bricks, so as to present a large amount of surface 
to the ga.ses. 

Register Accurate adjustment in printing 

the second side of a page, or the “ re-iteration ” of a 
sheet, as it is sometimes termed. Terfect' registration 
is necessary in order that the margin of the pages 
may b© exactly even when the sheets are folded. 

In colour printing, the absolute agreement of two 
formes which is uecessar, ■ when one colour is imposed 
on another. 

Register Sheet {Typog.') The sheet or sheets of 
paper used in making register, rrsually of a c-.otiimon 
quality when the paiier on which the work is to be 
printed is expensive. 

Register Stove {Build') A stove with an iron 
flap, the Reoisteb, placed over the opening of the j 
flue, which it serves to close. | 

Reglet {Architect.) .\ flat, narrow moulding used 
to separate larger mouldings, or to form frets, etc. 

- {lypeg.) A kind of furniture (y.r.) made 

of wood, and of equal thickness all its length. It 
comprises all sizes up to “ narrow ” or three line 
pica. 

Reguardant {Her.) Looking back. See Liox 

Reouakdakt. 

Regulator Yalve {Eng.) A valve, controlled by 
the driver, which regulates the supply of steam to the 
cylindcra of a locomotive. 

Regulus (Met.) A mass of partly smelted ore or 
partly purified metal. 

Reheating (Met.) The process of heating steel 
ingots in the mill furnace before rolling. It is often i 
avoided by the use of Soaking Pits {q.v.) 

Reichardite ( 6feol.) A mineral found in the 
Casualite region of Ktassfurt. Composition: MgSO,, 
4S-78 per cent.; H.jO, 51‘22 per cent. 

Reimer’s Reaction {Chem.) A general reaction for 
the introduction of the aldehyde group into certain 
classes of aromatic compounds, especially phenols. 
For example, when phenol, chloroform, and an 
aqueous solution of caustic soda, are boiled together 
under a reflux condenser a mixture of ortho- and 


para-liydroxybenzaldehydes is obtained, the former 
of which is volatile In steam— 



Other phenols can be used in place of ordinary 
phenol; for instance, if guaiacol is used, vanillin can 
be obtoiiK'd. 
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Quite analogous is the formation of parahydroxyben- 
zoi<! acid (with a little of the ortho-comiwund) by 
boiling phenol with carbon tetrachloride and alco¬ 
holic potash). 
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Reins {Fng.) A term sometimes applied to the 
handles of a blacksmith’s tongs. 

Reiteration {Tgpog.) Ihe term applied to the 
“ second ” side of a sheet that has to be printed. 


Relative Humidity (Meteerol.) See Fbaction of 
Saturation. 

Relative Minor {Mueic). A key having the same 
signature as tlio relative major, hut whoso ionic or 
keynote is a minor third lower, e.g. A major, FJ 
minor. 

Relay {Elect.) A device consisting of an eleotro- 
niagnet thnxigh which a feeble current passe.s, 
(uiti'ing the m.agiiet to actuate a switch or contact 
maker by which another (and usually more powerful) 
current "is turned on. The latter current, which is 
supplied by a local battery, acts on any required 
apparatus, e.g. a telegraphic receiving instrument. 

Release {Eng.) The opening of the cxtiaust port 
of an engine cylinder to allow the escape of the 
steam or other gas at the end of the stroke. 

Relief (jlr/). (1) In painting, the app.arent pro¬ 

jection ob(.ained by modelling, or the gradation of 
tones or tints. (2) In Sculpture, the projection of 
figures beyond the ground or plane on which they are 
formed, e.g. alto-relievo, basso-relievo, mezzo-relievo 
(//.«.) (3) In architecture, the iirojection of mould¬ 
ings and systems of ornament from the surface of a 
wall or faijado. 

Relief Printing {Tijgwg.) A term used to dis- 
tinguish letterpress from lithographic or plate 
printing. 
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SellcTltig Ardi iJSuild.) See DiscHAUaiKO ABCH. 

Reli^OM {Muiki). In a devotional manner. 

Reliquaiy. A depository or casket in which reUcs 
are preserved; a shrine. 

Belnetanee ( JSkct .) See Magkbtic Rblvotancb 
and Maombtio OiBcuiT. 

BeiWMience (_Eleai.) The property possessed by a 
magnetic body (f.y. iron) of retaining a certain 
amount of mt^etism after the original magnetising 
influence has ceased to act. 

Bemoves {Typog.) A term nsed to express the 
gradations between type of different sizes. 

BenaitsaBce (Art, etc.) Tlie perio<l of transition 
from mediseval to modem times. In Europe tliis 
occurred between the beginning of the fifteenth and 
the end of the eighteenth century. 

Benaiautnee Arehlteoture. The revival of the 
use of classic forms which was one of the results of 
an intellectual movement beginning in Italy during 
the thirteenth century is known as the Renaissance. 
Even in Italy, however, it was not until the fifteenth 
century that Renaissance art asacrtc-d itself. Tlic 
decline of the Renaissance in Italy began with the 
Baroque period, 1550—1600 A.D., and the Italian 
Renaissance ended with the Rococo style, a vulgar 
and debased architecture which obtained during the 
seventeenth century. English architecture began to 
show signs of the Renaissance in the Tudor period, 
Tlic Tudor style obtained dnring the first half of the 
sixteenth century, and can be hwked upon as a 
period of transition. In the Elizabethan ].icriod (1558 - 
1603) the pointed arch is no longer n.sed, and the 
orders are introtiuced as ornamental features. In the 
Jacobean style (160.3—1625) classic ilctails are more 
in evidence. Inigo Jones and Kir Christopher Wren 
were responsible for the principal buildings which 
were erected during the period in wliii h the classic 
style—for which (iothic architecture made way at 
the close of the Jacobean period—obtained. 

Render Tech.) To extract and refine the 

fat, etc., from animal tissues by heat. 

Rendering (Plaetering). The first coat of plaster 
laid on a brick wall. 

Rennet. A preparation of the mucous membrane 
of the stomacli of a calf: used to produce coagula¬ 
tion of milk in making cheese, etc. 

Rep (Silk Manvfac.) A corded silk fabric 
showing a bold rib. Made with a binder warp in 
addition to the ground and with two shuttles, one 
carrying a coarse round thread of worsted or cotton, 
the other a fine thread or divider. If made face 
upwards the whole of the ground waiqi is raised for 
coarse .shoot, 1st pick, and the whole of the binder 
cane for divider, 2nd pick. 

- (Textile Nanufae.) A worsted, cotton, or silk 

fabric in which there are lines formed across the 
fabric, and in which only the warp shows on the face. 

Repeat (Mngic). This is indicated by dots placed 
at a double bar: 



and eignifies that the section on the side of the 
doable bar on which the dots occur is to be played 
twice. In: the performance of the minuet or scherzo 
it is customary to omit the repeats in the Da Capo 
(y.v.) after the Trio. 


Replaeinj Switch (lUng.) A device with an 
inclined plane by means of which deimled caia am 
placed upon the tails again. 

Replenisher (Meet.) A small electrostatic'' 
maohine for charging the needle of an electrometer# 

Replica (Art). A facsimile of a work executed 
by the artist who produced the originaL Cf. Corr. 

-(uVustc). Repeat. Sema replica, without 

repeats. See Rkpbat. 

Repose (Art). The term is applied to a work of 
art the details of which are well balanced and in 
harmony, no one feature unduly attracting the 
attention of the observer. 

- , An^e of (Phyt., ete.) The maximum 

angle at which any surface may be inclined without 
causing a body which rests on the surface to com¬ 
mence to slide down is termed the Angle of Repose. 
The term is commonly applied in practice to the 
maximum angle of inclination of the sides of a heap 
of loose material (e.g. earth, sand, etc.) 

Repousse. A style of decoration effected on mCtal ' 
work by beating the metal on one side with a 
hammer until a rough image of some desired figure 
or design produced, which is then chased (q.v.) 

RepresentatiTe Fraction. See Bcale Deawing. 

Reredos (Architect.) The screen or wall panelling 
behind an altar in a church. 

Reseau (Aetrm.) A network of lines forming 
small s(]uares impressed on a glass plate. Used 
extensively in photographic star charting. 

Reserve of Buoyancy (Phyt., etc.) When a body 
floats in a liquid, and is only partially immersed, it 
is said to have a Reserve of Buoyancy. Further 
immersion can only bo effected by the application of 
additional force (at^ting downward), and this force is 
opposed by an increased upward force due to the 
extra displacement of liquid. 

Reservoirs ( Civil Eng.) For the storage of water 
are made by excavation or embankment, the floor and 
sides being lined with concrete or well puddled clay. 
Service reservoirs should be covered and ventilated, 
and the water from the supply reservoir passed 
through filter beds of sand before entering the service 
reservoir for distribution. They should be placed on. 
as high ground as possible to give a sufficient pressure 
of water, so tliat the supply may be assured by 
gravitation; otherwise the water must he raised by 
pumping. 

Residual Charge (Elect.) A small charge re¬ 
maining in u Leyden Jar or other condenser after it 
has been discharged. 

Residual Gases. The gaseous products of com¬ 
bustion, together with any unburntand incombustible 
gases, which remain in a gas engine cylinder or the 
bore of a gun, etc., after explosion. 

Residual Magnetism (Elect.) The magnetism 
which is retained by iron, etc., after the magnetising 
force has ceased to act on it. 

Resilience (Phys.) In general language the re¬ 
action of a body against a force producing dis¬ 
tortion : in scientific terminology, the work expended 
in producing a given strain. This work is stored up 
in the body and can bo recovered if the stress has 
not been increased beyond the elastic limit. The 
term Resilience is frequently restricted to the 
maximum amount of work which can be stored up in 
a strained body without exceeding the elastic limit. 

39 
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Resilienee Up be the stress when the elastic 

limit (q.v.) is reached, E the coeihcient of elasticitj, 
and V the volume of the body, then the ReBilienco 

= J V. The quantity is termed the Modulus 

07 RiisiLiBNCB, and p the I’nooF Stress. 

Resin or Rosin (^Musio). A preparation obtained 
by dissolving ordinary rosin and straining it 
thoroughly. The best is made from Venetian tur¬ 
pentine, should be quite transparent, and when 
crashed not sticky. It is rubbed on the hair of 
stringed-instrument bows to facilitate the setting 
of the strings in vibration. 

Resins. It is very difficult to define a resin. It 
is undoubtedly an exudation from the trunk and 
limbs of trees, existent or non-existent; but these 
exudations vary so much in all their properties that 
the terminology of them is wide, complicated, and 
in many cases contradictory. On the wljole, it seems 
advisable to aflopt the definition to be presently 
given, and to be guided by it in the subsequent 
remarks. The literature of the .subject is scanty, 
and is the work of writers who liave evaded the 
difficulty of definition. We propose to define a resin 
by three proptirties, as follows : 

(1) It is a vegetable production. 

(2) It solidifies after exudation from the tree. 

(3) It is insoluble in w-iter, but soluble in various 
oiganic liquids, such as chloroform, alcohol, oils, etc. 

The second of these three essentials serves to 
establish a distinction between resins and balsams, 
such as copaiba and tolu, which are very closely 
related to the resins, and may, in fact, be regarded 
as substances intermediate between them and the 
essential oils. The third separates the resins from 
the gums proper, e.g. arabic and tragacanth, which 
are also vegetable exudations. The difficulty of the 
subject is well shown by the frequent use of tlic 
term “ gum resin ” and by the fact that the German 
word gwnmi means gum and also indiurnbber, which 
may be regarded as a special kind of resin. In fact, 
there is a regular gradation from hard rei-ins to soft 
re.sins, oleo resins, balsams, and es.sential oils; but 
with such small differences that it is practically 
impossible to draw any but arbitrary lines of demar¬ 
cation. There is little doubt that the essential oils 
are the original material from which Nature has 
elaborated the balsams and resirus by proces.ses at 
present imperfectly understood, and therefore they 
cannot yet be reproduced artificially. There stsems 
to be a strong probability that the action of atmo¬ 
spheric oxygen has played a c<jnsiderable part in 
their formation, and that this formation has much 
analogy with the phenomena attending the solidifi¬ 
cation of a drying oil; but the fact remains that very 
little is known about the matter. The oxidation 
theory was, in fact, suggested by the behaviour of 
drying oils. Resins are classified as hard and soft, 
fossil and recent. The Hard Resinb, generally 
speaking, are also tlm fossil resins. The term fossil 
(dug up) docs not necessarily mean that the resin 
won from the ground is the product of trees now 
extinct. It may be that this i.s sometimes the case. 
Amber, for instance, is firobably the product of 
extinct trees. Nevertheless there are places, e.g. in 
New Zealand, where fossil resin is dug up on the 
|ites of perished forests, and this product is indis¬ 
tinguishable from the fresh resin obtained from 
living trees in other parts of the country. The 
chief bard resins are amber and copal. AMBER is a 
fossil resin from an unknown tree. It was formerly 


dredged up on the southern shore of the Baltic, 
being washed by the waves from the submergecl 
sites of ancient forests. Mast of it is now, however, 
obtained by mining. It is used in fancy work, 
especially for the mouthpieces of pipes and cigar-' 
holders, and for making the best and most expensive 
varnishes. Beads, too, are made of it. Its Greek 
name, Hiectron, has given us the word electricity, 
because it would seem that electrical attraction 
was first noticed in a piece of this substance which 
had been subjected to friction. Copal comes from 
various trees. The best resins, those of Zanzibar 
and Mozambique, arc the protlucts of the gums 
Traehylohium. Tlirse give the hard oopals. Animi 
or Indian copal, also known as Manila copal, is a 
softer resin, produced by Valeria Indiea. The dif¬ 
ference in nomenelaturc is geographical and com¬ 
mercial rather timn a distinction of intrinsic value. 
Kauri or New Zealand coiial is both a fossil and a 
recent resin. The African copals are dug up from 
depths of 3 or 4 ft. in districts from which the trees 
of their origin have entirely disappeared or perhaps 
iHicome totally extinct; but in New Zealand we have 
the Kauri gathered from the living trees in one place 
and dug out of biirrnn soil in another. Fossil copal 
has been dug out of the J.ondon tertiaxies at High- 
gatc. South American copal is a soft copal like 
animi autl maiiila, but from a different tree, vis. 
Hgmeruea coubaril. Dammar is practically equiva¬ 
lent to Kudri coital, and the difference in nomen¬ 
clature is geographical only. J)ammara auetralu is 
the tree responsible for both sorts. Alive it produces 
dammar. Kauri is the legacy of dried resin left 
behind by former generations of the same tree. It 
should be noted that the name Agathis is in some 
books sul>stitutcd for the older name Damraara. 
i These hard resins have the curious property of re¬ 
quiring to be healed before tl ey can be dissolvi'd 
in oil and turfKJutine for varnish making. “ Copal 
running,” as tlie process is called, requires a fairly 
high temperature, and yields a distillate containing 
substances of some value, although the vapours arc 
usually allowed to escape into the open air. The 
only Soft Resis calling for nctice is the chief of all 
the resins, and it lends itself to a larger variety of 
uses tliau its congeners. While other resins are 
restricted in their use to the making of varnishes, 
rosin (pine tree resin), wliile doing good service to 
the varnish maker, is largely u.sed as a cement and 
for the preparation of resinates. It makes, like 
shellac, an excellent medium for stopping leaks in 
china and eartlienware vessels. Shellac:, which is 
largely used for stopping up cracks in jugs, teacups, 
etc., as it will stand hot water, is distinctly inferior 
to rosin for the purpose. Colophony, or rosin, is the 
coagulated exudation obtained from cuts in the bark 
of trees belonging to several species of I’inus, largely 
grown in America and on the west coast of France. 
The crude resin yields on distillation oil of turpentine 
first and thou a mixture of liquids of higher boiling 
temperature known as rosin oil. This oil is largely 
employed in making the cheaper varnishes, lamp¬ 
black for printers’ ink, and also, in some places on 
the Continent, illuminating gas. It is not used, 
however, for this last purpose in Great Britain, 
although very higli illuminating power is claimed for 
the gas. The final rcsidno of the distillation is 
pitch, which is used for c^tulking scams and for 
waterproofing the inside of casks. It must not be 
confounded with coal-tar pitch. Colophony is 
laigely used for varnish making, for making violin 
hows grip the strings, as a flux by plumbers in 
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soldering, for filling soaps, and for the preparation 
of resinates. All cheap va^shes contain colophony, 
and one of the “ copal" varnishes, for which high 
prices are charged, contains little else except the 
solvent. The use of rosin in soapmaking is one of 
its most important applications. Boil^ with an 
alkali, it produces an alkaline resinate, which has at 
least this much of a soap about it, that it lathers 
well. This circumstance, together with the fact tliat 
rosin is mnch cheaper than soap, has naturally drawn 
the attention of soap boilers to it. The alkaline 
resinates have, however, a much more legitimate use 
as a raw material for the preparation of the resinates 
of heavy metals, such as manganese and lead. These 
resinates have an extended application in the manu* 
facture of driers and of paints. We may conclude 
with a brief notice of Lac. This dues not conform 
altogether to the first requisite of a resin as defined 
above, since, although it is primarily a vegetable 
substance, it is worked up and secreted by an insect; 
still it has a close connection with the true resins. 
The products of the lac insect are ])ttrificd first to 
seed lac and finally to shell lac (shellac). Hpirit 
varnishes are made frum it and aho French polish, 
and it is the chief ingredient of sealing wax. It is 
the only animal product which conforms to the 
second and third requisites of a resin.—A. S. J. 

Resist. A substance or composition which is tcm> 
porarily applied to certain parts ^ of the surface of 
another substance to prevent an acid, dye, mordant, 
etc., from affecting those parts, e.g. the wax applied 
in a thin coat to glass previous to etching. See 
<JLAS8 MANri'ACTURB. 

Resistance ( Elect.) The ratio of a constant electro¬ 
motive force tothe stcadycurrent produced byit in any 
conductor is termed tLc Elbctrical IIesistakcb 
of the conductor. If the length of a conductor be I 
and its area of cross section a, then its resistance R 

is given by the formula R = cr If 1 and a are each 

a 

unity, then <r is the resistance of the conductor. It is 
termed the SpJBCiKic Resistance. 

- {Eng.) That which opijoses the action of a 

force; it is therefore a force itself. The term is 
a{>pl:cd especially to frictional forces. 

- , Measopement of (^Eleet.) The measure¬ 
ment of the electrical resistance of a conductor is 
offccted in practice by com{)ari 8 on with a known 
resistance. The principal metho<ls by which this 
comparison is made arc as follows : (1) Method of 
Substitution : The unknown resistance is con¬ 
nected in scries with a cell or battery of constant 
electromotive force and an ammeter or a galvano¬ 
meter, by which the current which flows through the 
circuit can be measured. Let X be the value of the 
resistance, £ the E.M.F., and C the current, S 
the resistance of the rest of the circuit. Then by 
Ohm's Law (y-r.) 


An adjustable resistance or set of resistances is now 
substituted, and its value adjusted until the current 
has the same value as before. Let B be this 
resistance. Then 


But as the current is unclianged in amount^ and E is 
constant, X + :ti R ^ B or X = B. If R cannot be 


adjusted to give the same current, the values C| and 
Cf of the current must be observed; then 

E 

C, _ X + S _R + S 
C, “ E X + 8 

R 8 

To find X in terms of R it is now necessary that 6 be 
known. In the application of this method to the 
comparison of very high resistances, which is its 
chief practical use, the value of 8 is very small com¬ 
pared to R and X, and in this case 

£l ® 

(2) Method of Fall of roTENiiAL; If C be the 
current in a conductor of resistance R, the difference 
of potential E, between the ends of the conductor is 
OR, If the same current How throngii another con¬ 
ductor of resistance X, the difference of potential 
EjisCX. Thus 

UK “ E, R 

The known and unknown resistances arc connected 
in series with each other and with a constant battery; 
the differences of potential E, and E„ are ol»erved by 
means of a voltmeter or a high resistance galvano¬ 
meter. This method is used for the comparison of 
very small resistances. ■ (3) Meabubsmekt bt 
Wheatstone's Bbidge ; This is the method which 
is used in practice for the measurement of the great 
majority of resistances; the form known as the Tost 
Oflice Box can be used for measuring resistances 
from ■! ohm lo 1,000,000 ohms, though the extreme 
range is not used when considerable accuracy is 
required. The method is described under Wheat¬ 
stone’s Bbidge (</.».) 

Resistance Coil (Elect.) A coil of insulated wire 
whose resistance has been adjusted to a stated value. 
In forming the coil a wire whose resistance is some¬ 
what greater than that of tlie finished coil is first 
doubleci in the middle, bringing the two ends together. 
The doubled wire is then wound on a reel, and the 
resistance measured, the wire being shortened until 
tlie proper value is attained. The ends are then 
connected to terminals placed on the top of the reel, 
and the whole enclosed in a suitable case. 

Reeolntion (Jfune), A term applied to the proper 
and satisfactory progression of discords (q.v.) 

ReBolotion of a Force. Finding the magnitude 
and direction of two or more forces such that their 
resultant (q.v.) is identical with the force which is 
being resolved. The separate forces, which may bo 
substituted for the given force, are termed its Com¬ 
ponents. If they are at right angles to each other, 
they are termed Rectangulab Components. If / 
be the given force, and ff the angle which one com¬ 
ponent makes with the original force, then the value 
of this component is foot 0, and tliat of the other 
component at right angles to it is/tin 9. 

Resonance (Phyt.) If any body (or system of 
bodies) be acted upon by a succession of impulses or 
vibrations, which recur at inleiwals corresponding 
to its own natural period of vibration, it will itselfiR 
be caused to vibrate. This is termed Bebonance. 
The phenomenon is very easily observed in the case 
of sound; «.y. a stretched string is readily set in 
vibration if a note of the same pitch (frequency) as 
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its own fundamental tone be sounded in the \iclnit 7 . 
Besouance is often made use of in the detection of 
vibrations which are too feeble to be detected by the 
unaided ear. 

Seionant. As applied to substances, e.g. por¬ 
celain, metals, etc., indicates that they give a ringing 
sound when struck. 


exactly the same time duration as that note. The 
following is a list of rests with the respective shapes: 


2=1 


1 


:=rJ 


I- 



The Larue The Long. The Breve, 

or Maxima. 


Besonator (PAyx) An object used in the detection 
of vibrations by liesonance (jf.r.) In acoustic experi¬ 
ments, hollow vessels of approximately spherical form 
are often used, as their overtones (^.r.) are not readily 
produced, and therefore they resound to their funda¬ 
mental tone only. 

BesoFein (Chem.) 

O.OH 

(Metadihydroxybenzene.) 

HCn^C.OH 

CH 

A white solid crystallising in needles or plates; 
melts at llS”; boihs at 277’; .soluble in water, 
alcohol, ether; insoluble in chloroform; tastes sweet; 
it is a powerful antiseptic, and is used in medicine in 
some skin diseases. Ferric cliloride gives a dark 
violet colour with a solution of resorcin. Eednccs 
boiling Fehling’s solntiou and boiling nmmoniacal 
silver nitrate. With bromine water it forms tribrom- 
resorcin (MP in'*), which is insoluble in water (basis 
of method for estimation). Fused with caustic soda, 
it gives a G5 per cent, yield of pbloroglucin, a little 
pyrocateebol and tctroxydiphenyl. Heated with 
phtbalic anhydride alone or with a little sulphuric 
acid, it forms fluorescein (j'.r.) ; other diba.sic acids 
give similar comi)onnd.s— e.g. .succinic and tartaric 
acids. Heated with nitrobenzene and concentrated 
sulphuric acid at 170°, it gives Renorujin 

0 

N 

which forms small brown needles, which dissolve in 
alkalis with a crimson colour showing scarlet fluor¬ 
escence, and on bromination form Hesorrin hlue, 
which is tetrabroinresorufin—a dye giving blue shade 
with brown fluorescence on silk and wool, also 
imder Lacmoid. Eesorcin is obi.-uned when certain 
resins, especially asafeetida and galbanum, are fuscid 
with caustic potash. It is also obtained %vhcn many 
ineta-disubstituU'd benzene derivatives are fused with 
caustic soda; also from some ortho- and para-deriva¬ 
tives. On the large scale it is made from benzene 
by heating with fuming sulphuric acid to form meta- 
benzenedisulphuric acid, which is made into the 
calcium salt with chalk, then into the sodium salt 
with sodium carbonate,—the sodium salt is fused 
with caustic soda. From the a<]ucou8 solution amyl 
alcohol dissolves out the resorcin. 


BesoFOlnoI (^Chem.) See Besobcin. 

Beipond {Areldteet.) A half pillar attached to a 
wall and supjrorting an arch. It usually occurs at 
each end of a range of pillars. 

% Best (A’ay.) A support for a tool, especially a 
turning tool. See HAND Best, Slide Best, etc. 

- {Mude'). A sign indicating silence. There 

is a rest corresponding to each note and having 


F- 
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The Semibreve. The Minim. 

The Crotchet. The Qnsver. 

r 


1 

L •i 


1 3 



! -J 

II 

.. 
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The Seiuiiiiutver. The Denii- The Hemidemi. 

semiquaver, lemiquaver. 


In modem music it is usual to mark rests of more 
than two bars’ duration thus, placing the number of 
bars over: 

17 

The semibreve rest is used for a complete bar’s rest 
in either triple or common time. 

Bestitation, CoefBoient of (Meeh.) It two elastic 
spheres collide, their relative velocity after impact 
bears a certain ratio to their relative velocity before 
impact: this ratio is termed the Coefficient of 
Kestitution. 

BeBtrainer (^Photo.) See Betakdation. 

Beitraining {Photo.) See Bbtabdation. 

Besnltant. Tim Ilesultant of a system of forces is 
that single force which, when acting alone, produces 
the same effect as tlie separate forces, so far as 
regards the motion of the body which is acted on. 
(It docs not follow, however, that the resultant will 
pro<lucc the .same stresses in the body as the separate 
forces do.) The resultant of two vclocitie.s, accelera¬ 
tions, or other vectors (q.v.) is obtained in a manner 
similar to the resultant of two forces. 

Betaining Bings {Mi.g.) Flange rings used to 
bind together thetyr? and the central portion of rail¬ 
way wheels when built with wooden bodies. 

Betaining Wall. A wall built to resist the 
pressure ol earth or water. 

Betardation. In general the checking or slowing 
down of any movement, or the application of a force 
or other agent which causes such cliecking. 

- {Music). A term applied by some musicians 

to suspensions which resolve upwards instead of 
downwards. See Suspensions. 

- or Bestralning (Photo.) Causing a de¬ 
veloper to act more gradually than it would other¬ 
wise do, by the addition of some substance {e.g. 
potassium bromide), which is termed the Bestbaineb 
or Betabdeb. 

Betarder (Photo.) See Retabdation. 

Betarders (Eng.) A flat strip of metal twisted 
int<j an elongated spiral, and placed in boiler tubes 
to increase the heating action of the furnace gases 
and break up the “steam lines," Sometimes they 
are made of fireclay ; there are various patented 
forms. 
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Betordiag Cell {Elect.) A choking or impedance 
ooQ. 

Ratlenlated. Besembling network, having lines 
or veins crossing like a net. 

Retlenlaied Tracery (Architect.) A form of 
tracery resembling network, used in the windows of 
the Decorated period of Gothic architecture. 

Retort (Chem., Mit., etc.) A vessel in which a 
substance is heated in order to cause a volatile con¬ 
stituent to be given off so that it may be con¬ 
densed and separated from the original body. 
Betorts arc made in a great variety of forms and 
many different materials, according to the purpose 
for which they arc intended. 

Retorted (2/«r.) intertwined frettewise. Branches 
of trees aie sometimes thus blazoned. 


Retoaohing (Art). A modification or improve¬ 
ment carried out in a work of art. An alteration 
made to a photographic cliche to remedy the 
modelling. 

Retrograde Motion (Aetron.) The apprent 
westward motion of planets wliich occurs periodically, 
owing to the movements of the earth and the planet. 

Retting or Rotting (Litieti Manufac.) The 
terra applied to the process of steeping the flax 
stalks in water. This dissolves out the gummy 
matter which surrounds the fibre and enables the 

bone ” of the plant to be broken up and disperseil 
in the process of scutching, without causing any 
unnecessary waste of fibre. Hre Likek Manu- 
I’ACTCBE. * 

Return (Architect., etc.) A change in direction 
of a moulding such as that frequently used in the 
termination of a hood mould (q.v.) 

- (Plvmb.) The pipe in which the water 

returns to the iioiler in hot water circulation. 

- or Point Pass (Textilei). See Entbbing. 

Returned Bead (Carp, and Join.) Beadwork 
on the side and edge of the same angle. 

Returned Nosing (Join.) The moulding turned 
round the end of a stair tread. 
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Reuleaux’s Valve Diagram (Eng.) See Valve 
Diagbams. 

Reveal (Jivild.) The portion of the surface of a 
wall in an opening or recess 
(e.g. a door or window) between 
the edge or arris and the 
structure (e.g. window frame) 
placed in the recess. In the 
case of a window in an 
ordinary brick building the 
reveal is usually 4^ or 9 inches 
wide. 

Reverberatory Fornaoe. See 

Fubmaces. 

Reverse {Cdne). The back of a coin or medal, 
i.e. the side opposite to the face or obverse (q.v.) 

Reversed Faults In a normal fault the 

inclination of 
the plane of the 
fault is usually 
only a small 
number of de¬ 
grees from the 
vertical, and is 
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Beve« 8 bd Fault. 


“forward at the foot,” or advances in the direction of 
the downthrow side of the fault {gee b, below). In a 
reversed fonlt the inclination or “h^e” is in the 
opposite direction, so that a vertical shaft cutting tbe 
fault would |)ass twice through the same bed of rock, 
on either side of the fault, as at a. 

Reversed Mould {Foundry). A kind of pattern 
made in metal or plaster, and used for producing 
a number of moulds when numerous similar castings 
are required. 

Reverse Jaws {Eng.) Jaws on a lathe chnok 
which can be used for holding a ring or hollow 
cylinder, contact being made by the jaws with the 
inside of the ring, and the jaws moved ontward till 
the object is firmly gripjied. 

Reversible Engine (Phyg.) A “perfect engine” 
{q.v.) is said to be reversible, for the cycle of 
operations can (theoretically) be worked backwards. 
In this case tbe engine will take a quantity of heat 
H (measured in mechanical units) from the receiver 
or cool body, which is at a temperature 0^ a certain 
amount of work, W, will be converted intoan amount 
of heat h, and the larger amount of heat H -f- A will 
be given up to the hot body or source at a temperature 
0,. Tbe ratio of work and heat is the same as in 
the case of tbe same engine when converting beat 
into work, viz. 

W Oj - 0, 

W + A °° 0, 

Reversible Reactions (^A^m.) Reactions which 
may go, according to the conditions of experiment, 
in either direction. Thus, if sulphur dioxide is 
passed into water containing iodine in solution, we 
get the reaction 

+ 2H.p -I- I, = + 2HI. 

But if strong sulpharic acid is added to a strong 
solution of hydriodic acid, we have the reverse of the 
above reaction— 

H,SO, + 2HI = SO, + 2H,0 + I,. 

Such reactions are usually written— 

SO, + 2H,0 + 1, ^ D,SO* + 2Hr. 

They arc very numerous, and play a very important 
part in chemistry. See Dissociation, Mass Action, 
J’BECIPITATION. 

Reversing (Eng.) Changing the direction of 
revolution of an engine or other mechanism. > 

- (Moulding). Making an ordinary mould from 

a Bevebsed Mould (q.v.) 

Reversing Back (Photo.) A frame (carrying the 
dark slide) which can be fixed to the camera in a 
horizoutal or vertical position. 

Reversing Countershaft (Eng.) A shaft from 
which a machine can be driven either by an open 
or a crossed belt, thus allowing the direction of 
rotation to be reversed. 

Reversing Engine (Eng.) An engine which can 
be reversed, u.suuliy by l.lNK Motion (q.v.) Loco¬ 
motives, marine engines, etc., are almost invariably 
fitted with this gear; factory engines are not. Gas 
engines and steam turbines cannot, as a rule, be 
reversed by any form of valve or ether gear. 

Seversing Gear (Eng.) Any mechanism for 
versing the direction of rotation. In engines VC 
usually consists of LINK Motion (q.v.) or a LoosB 
EccENTBic (q.v.) ; in other machinery, of belts and 
countersliafts or of trains of gear whe^s. 
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Reversiii^ Layer (^Axtron.) A thin stratum of a 
gaseous envelope lying just above the photosphere 
of the sun, the absorption of which is supposed by 
some astronomers to give rise to the Fraucnhofer 
lines. 

Reversing Link (JEnff.) The slotted link need in 
Link Motion (j.o.) 

Revise {Tyjtog.) An impression of a forme taken 
for the purjiose of seeing that all corrections have 
been made, etc. See IIeadbb. 

Revolution (AttronJ) The motion of one body 
round another, like the earth round the sun. 

Revolving Boiler (Paper Mam/ae.) An apparatus 
used for digesting or boiling rags or straw. 

Revolving Flats (Cetten Spinning). A series of 
slowly travelling bars on a carding engine, covered 
with wire filleting on their surfaces for the purpose 
of carding and cleaning tlie cotton as it goes over 
the large cylinder. Their travelling or revolving 
motion is for the purpose of subjecting a number 
of them in turn to a strip])ing process whilst the 
others are in action. By this means the filleting is 
always kept free from dirt, fluff, etc. 

Revolving Furnaee (Met.) A furnace containing 
either a flat circular hearth, revohing about an axis 
whioh is vertical or nearly so, or else liaving a 
tubular body, rotating about a horizontal <jr slightly 
inclined axis. Such furnaces are used in various 
processes for puddling or for steel manufacture. 
They are little used in this country. 

Rh (CJiem.) The sjmbol for llnouiUM (g-r.) 

Rhstic Beds [Geol.) A geological formation of 
marine origin and of small thickness in Biitain, 
which occupies a position between the base of tlie 
Lias and the top of the New Itetl. It is cliaracter- 
ised nearly everywhere by the fossil roullusca 
Arieula centorta, Cardivm rheeticum, and Peeten i 
valonie/teis. In the Bluetic Al]>s this formation 
attains to a much greater thickness. 

Rhanmose (Chem.) (TI,.(CnOH),.Cno (Iso- 
dulcite). A sugar which cr 3 -.slallises with tme 
molecule of water in shining monoclinie crystals 
which show triboluminesconcc. On heating at 100° 
it loses its water of cry stall isat ion, and on prolongcsl 
heating at this temperature forms an anhj'dride; I 
soluble in water, also soluble in alcohol, but much 
less so than in water; its solution is dextrorotatory, 
but when <iuitc frcsiily prepan-d its solution is Iwvo- 
rotator}', becoming dextrorotatory after abmtt nine 
minutes. lUiamnosc does not undergo alcoholic 
fementation. It reduces Fehling’s .solution and 
ammoniacal silver nitrate ; oir reduction with sodium 
amalgam it yields the corresponding alcohol (Rhaui- 
nite), CHg(GHOII),ClljOIl; on oxidation with 
bromine water it yields the corresijonding acid 
(Ilhamnonic acid), CHg(CIIOH),OOl)Il ; on oxidation 
with nitric acid it yields oxalic acid and a trioxy- 
glntario acid, COOIKCHOHjjOOOH ; silver oxide 
oxidises it to aldehyde and acetic acid. It forms a 
tetranitrate and a tetrabenzoate. Like dextrose, it 
forms an oxime with hydroxylamine, an osazone with 
pbenylhydrazine, and a cyanhydiin with hydrocyanic 
^cid. Rltamnose occurs in a state of combination in 
several glucosides, CBj>ecially in qncrcitrin and in 
hesperidinc. It is prepared from qncrcitrin by 
hydrolysis with dilute sulphuric acid; after filtering, 
the liquid is saturated with bariam carbonate, again 


filtered, concentrated, and allowed to crystallise, 
when crude rhamnose separates. A further yield is 
got from the mother liquor by adding absolute 
alcohol. The crude crystals are purified l)y recry¬ 
stallisation from water or alcohol. 

Rhea (Butany). A textile fibre known also as 
Ramie fibre or China grass, obtained from the stem 
of a Chinese nettle, Boehnieria nivea (order, Urti- 
cacea). 

Rheostat (Elect.) An electric resistance which 
can be continuously varied within certain limits. 

Rhizome (Botany). The stout underground stem 
(“rootstock”) seen in the Iris, Solomon’s Seal, and 
Wood Anemone. Its tissues are filled with various 
food materials, such as starch, etc. 

Rhodamlne. See Dyes and Dyeing. 


Rhodamines (CVwm.) Dyes formed by the con¬ 
densation of mcta-amidophenol tind its alkyl 
derivatives with phthalic and other anhydrides of 
dibasic acids, especially succinic acitl. Tl»ej‘ are 
similarly' con.stituted to tlic er)i)dcn.s,ation product of 
resorcin aiui pditbalic anbydride, Fluokescein (ij.v.); 
thus the simplest rhodaminc is 

ll,N('„n /(’oTI.v 

>C’< >CO 

The dye Rho<lamiue B is the hydrochloride of 
diethylmcta-amidor)henolphthalein— 




CO. 


It forms green ory.stals, soluble in water and in 
alcobf)!; it dyes silk a strongly fluorescent bluish-red ; 
cotton mordanted with tannin a violet n-d, not 


fluorescent unle.ss the cotton has l»een oiled. It i.s 


prepared by heating diethylmftit-amidojflicnol wilii 
]>hthalic anhydride and coneentrated sulpluiric acid. 
The diethylmcta-ami<lophcnol may be prejKired from 
resorcin by heating it w'ilh e'liylaminc and etljyl- 
amine hydrochloride in aqueous solution under 
pressure at 200°. Other liiodamines are got by sul>- 
stituting succinic anhydride for jjhthalic aiihydriile. 


Rhodium ((’hem.) Rh. Atomic woiglit, lOfl. A 
rare metal resembling palladium and in a less degree' 
platinum. It occurs in small quantity in phitinum 
ores. It is wbitc, and only fuses in the oxyhydrogen 
flame, and is in mass insoluble in acids. Occasionally 
used with platinum in making thermo-couples. It 
for>jjs a chloride, RhCl,, and oxides, RhO, BhjOj. and 
RhOg: it also forms complex ammonia compounds. 


Rhodoohroizite (Min.) Carbonate of Manganese, 
MnCO,. Usually contains about 75 jier cent, of 
carbonate of manganese, with other carbonates to 
25 per cent., ]»robably as replacement products. 
Rhonxbohcdral, in cui-ved rhombs t)f a flesh red 
colour. Also callod Dialogitb. From Oswestry in 
Khrop-sliiro, Warwickshire, co. Clare, Transylvania, 
Saxony, etc. 


Rhodonite (Min.) Silicate of Manganese, MnSiO,. 
Manganous oxide = 64*1, silica = 45'!). Triclinic ; 
usually occurs massive. Colour, flesh red, changing 
to a black on exposure. It is used in glass and 
earthenware glazing to give violet tints. From 
Cornwall and I)evon in England, Sweden, the Harz, 
Siberia, and several places in North America. 


Rhomboid. A parallelogram whose adjacent sides 
are unequal and whose angles are not right angles. 
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Rhomb Spar {JUin.) A ferruginous variety of 
Dolomite (y.r.) 

Rhombus. A parallelogram whose sides are equal, 
but whose angles are not right angles. 

Rhubarb. Jtlieum offieinale (order, Polygonaoca:), 
The root, when dried, forms the medicinal rhubarb. 
It is imported from China. Several varieties are 
used, the best known being the Russian (“ Turkey ”) 
Rhubarb. The garden forms are It. rhapmitieum and 
R, undvlatwm. 

Rhymer. A Reamer {q.v.") 

Rhyolite {ffcol.) An eruptive rock, in most cases 
a lava, of sulwcid or even Jicid composition, which 
is cliaracterised by potash felspar crystals in a 
lithoidal gremnd mass. The rock often shows 
crumpled bands of alternately lighter and darker 
colours. The crumbling has arisen from the flowing 
movement of the rock after its solidification was far 
advanced. 

Rhythm (MuJiie). Consists of (1) proportionate 
duration of sounds, (2) symmetrical grouping, (3) 
regular accentuation. It sigiiilies the arrangement 
by which the cadences are jilaccd ; hence a musical 
composition may be of two bar, four bar, five bar, or 
eight bar rhythm, and according as those cadences 
fall, so the composition is of REGULAEorlRBECJUi.AR 
Rhythm. Ernst I’auer says : “ The rhythmical con¬ 
struction of a musical piece cannot l>c definitely 
fixed according to a iiattern or an arbitrary' rule. 
The law that lias to be obeyed does not restrict 
freedom of fancy and feeling; variety is nece.ssary as 
well as unity. Rhythm may be described as the art 
of the versifier, necessary, but yet only supple¬ 
mentary, to the genius of the poet or comjioser; lor 
allhougli rhythm will lieighteii t' e beauty of a 
melody, it can, even when used with the greate.st 
cleverncs.s. ne\er succeed in ennobling vulgarity or 
tri\ iality in mu.sic ” ( I*rimcr of Miminil Form*). 

Rib {Carp, and Join.') One of the curved rafters 
of a roof or circular framing. 

- {ling.) A projecting part, usually forming a 

ridge or flange, whose, function is to .strengthen the 
object across which it runs. In ships the ribs are 
the vertical poitions of the framework. 

- {Tea^ile Manufae.) A fabric differing from 

a rep in that the lines may he either acros> or length¬ 
ways of the fabric. It is a common typi' of worsted 
pattern. 

Riband {Her.) A diminutive of the bond, of the 
same dimensions as a eotise but with the ends cut 
off or “ couped,” and not reaching the edges of the 
shield. 

Rib and Panel Vault {.Xrchitect.) The form of 
vaulting which was introduced in England at the 
close of the Norman period, nnri which i.s one of the 
characteristics of (rutliic architecture. The ribs are 
the constructional parts of the vault, the panels, 
cells, or severies being merely filled in between them. 
In this system of vaulting tlie thrusts are concen¬ 
trated upon definite parts of the wall, which arc 
designed to counteract them. In early rib and panel 
vaults the only ribs used were the formerets or wall 
ribs, the transverse ribs, and the diagonal ribs. In 
later work ridge ribs and tiercerons (intermediate 
ribs between the transverse and diagonal ribs) were 
introdneed, and finally lieme ribs, which aio merely 
decorative, were added. See Skxpartite \AL'L’r, 
Barrel Vault, Fan Vault, Boss, and Liebne 
Bin. 


Ribbon Brake {Eng.., etc.) A Band Brake {q.v.) 

Ribbon See Agate. 

Ribbon Sav {Eng.) A Band Saw. 

Rice {Botany). The grain of the Rice plant, 
Oryza mtiva (order, Graminem), an annual grass 
grown under hot, moist conditions in tropical coun¬ 
tries. Rice in the husk is termed “ Paddy.” Rice is 
remarkably deficient in proteids, fats, and salts. It 
is essentially a carbohydrate food, and is extremely 
digestible when well cooked. It should be steamed 
rather than boiled, otherwise it loses some of its very 
small quantity of proteid and salts. 

Rich Lime {Build.) See Fat Lime. 

Rioinoleic Acid {Cliem.) 

Ca!,(CIl,)j. CHOH. CH,. CH : CH. (CH,)^. COOH. 

A soft crystalline solid; melts at 17°; soluble in 
alcohol and ether; dextrorotatory. With bromide 
it forms a dibromide. Heated with iodine and 
amorphon.s phosphorus it yields iodo-oleic acid, 
which yields stearic acid on reduction with zinc and 
hydroehloric acid. Nitrous acid converts it into the 
isomeric ricinolaidic acid. Fused with caustic soda 
it gives secondary octyl alcohol— 

CH, 

^HOH 

1 

CJI., 

and sebacic acid, (rn 2 ) 8 (COOH)j. It occurs as its 
glyceryl ester in castor oil, of which the ester is the 
: chief conslituent. It is prepared by hydrolysing 
castor oil with caustic soda, and purifying the crude 
I aciil by crystallising the barium salt. 

Riddle. A Sieve. 

Riddlinds. Coar.-.c material left in the sieve after 
sifting. Ttie term is chiefly confined to the foundry. 

i Ridge {Build.) The upper angle of a roof, 

I - {FoiiiidrjC. A horizontal channel in the 

I sand of a mould for leading metal to some definite 
I point during pouring. 

I Ridge Board {Build.) The board to which the 
1 lop ends of the rafters of a sloping roof are fixed. 

i Ridge Course {Build.) The course of slates or 
I tiles next to the ridge of a roof. 

I Ridge Roll {Build.) A piece of wood of approxi- 
■ match' circular section fixed along the top edge of 
I the ridge board {q.r.) 

I Ridge Tiles (Build.) The ornamental tiles fixed 
on the ridge board of a roof. 

I Riding (Eng.) A belt is said to ride when it 
! mounts on to the flange of a flanged pulley ; a 
driving chain, when it mounts the cogs so that. it. 
rests on the tips of the teeth; two gear wheels, 
w hen they become displaced so that the tips of the 
teetli come in contact. 

Riflier {Eug., etc.) A file whose axis or centre line 
is curved. 

mggar (Eng.) A name sometimes applied to a 
belt jiulloy. 

Right Angle. See Angle. 

Right Ascension {Astruu.) The angular distance, 
measured along the equator between the First Point 
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of Aries and the declination circle of the star (he. the 
eeoondarj great circle to the equator, which passes 
through the star). Commonly denoted by “ 

Sight Handed Screw. A screw whose thread mns 
upward from left to right when viewed with the axis 
in a vertical position. If the screw be turned in its 
nut in a clockwise direction, it recedes from an 
observer looking along its axis. This is the common 
form of screw thread; the reverse or left-handed 
screw is only rarely used. j 

Right Line. A Stbaioht Linb (j.r.) 

Rl^d Body. A ri^d body is one in which no 
relative motion of the particles can be produced by 
the application of forces. No perfectly rigid body 
exists; but from the engineers’ point of view the 
harder metals {e.g, oast iron) may usually be con¬ 
sidered rigid. 

Rigidity. In general terms the power possessed 
by a body of resisting changes of shape. Tlie 
Modulus ok Rioiditt or Cokfkicibnt of 
Rioiditk is often termed simply tlie Riridity. 
It is the relation of the Siikabino Stbkss to 
the liHEAB or Bheabiko Btbain'. tiee also Hheab 

RigoPCjCon; Rigoroso (.Ifusm). With exactness, 
strictness. 

Rules on the Moon (^Astron.} Trenches with 
raised sides more or less steep. 

Rimer iEng., etc.) A Rbameb {q.v.) 

Rim Wheel {Cotton Spinning'). The wheel on the 
headstock of a mule which transmits motion to the 
tin roller and spindles. 

Rinforzando (Music'). Abbreviated rinf., rf., or 
t/z. Reinforcing the power of a musical phra.se. It 
is to a phrase what sfoixando is to single sounds. 

Ring (Build.) .4 brick arch consists of a number 
of half brick rings one above the other. 

Ring JLrmataree (Elect. Eng.) See Abmatureh. j 

Ring Compounds (Chem.) Suppose a compound \ 
formed by joining to a given group two otiiei- ' 
groups or more than two; then if the last grouji ^ 
joined up be connected with the first, we have what ; 
is called a ring compound. In practice rings are not ; 
formed in this way. An actual example is as 
followsglycerine has the formula— 

cn„0H 

I ■ 

(.'HOII 

I 

CH,OH 

with bromine and phosphorus it forms ally] bromide— 



I 

CHjBr 

This compound unites with bydrobromic acid to form 
trimethylene bromide— 


CH,Br 



CH^r 


The latter, when acted on by sodium, forms tri¬ 
methylene— 

CH. 

—NCH,. 

which is a ring compound. When the ring is made 
up by union of atoms of the same kind it is called 
an isocyclic ring; when the atoms are not all alike 
it is called a heterocyclic ring. Benzene and 
naphthalene are important examples of isooyclic 
ring compounds. Tyridine, Quinoline, Forfuranc, 
I’yrazole, Pyrrole, the lAustones are important 
examples of heterocyclic ring compounds. 

Ringelmann’s Smoke Scale. A series of white 
cards about 8 in. square ruled at right angles into 
squares. They are graduated (by increasing the 
thickness of the lines) from all white to nearly 
black. The white spaces are cut out, and, by looking 
at “ black ” smoke through this screen, its degree of 
blackness can be gauged by the screen and the smoke 
appearing to be of the same shade. Solid ruled 
cards may also be merely compared with the smoke 
emitted and the shade judged. 

Ring Frame (Cotton Spinning), A continuous 
spinning machine suiUiblo for warp yarns up to 
fifty counts. It produces a thread less fibrous than 
the iiiulc and ratlior rounder, but not so elastic, 
nor will it spin as soft a thread as the mule. For 
ordinary spinning it has greater pro<hictivo powers 
per spindle than the male, and may be attended to 
by a female. The drawing, twisting, and winding of 
thread on to bobbin are lasrformed simultaneously, a 
small metallic ring called a traveller being used for 
the purpose. Ho far it has not been very successful 
in spinning weft yarns or fine counts. 

Ring Hiorometer (Astron.) A narrow metsl ring 
nttacijeU to a ttiin piece of glass in the focal plane 
of an eyepiece. U.st*d in conjunction with a 
telescope. See Micbometkb. 

Rings of Saturn (Astron.) The planet Saturn is 
surrounded by u hf)ht of small .satellites, which ail lie 
in one jilarie, and constitute a series of rings about 
the planet’s Eqnator. 

Ring Trayeller (Cotton Spinning). A small 
metallic ring whi'.li is connected to tbe tbreati, liciiig 
spun on a ring frame, so as to imjiart twist and also 
a.s8ist in the winding of thread on to bobbin. See 
Ring Fe\mb. 

Ripidolite (Min.) One of the Chlorite Group of 
minerals now more often known as Clinopblore. It 
i.s a moriosymmetric basic silicate of magnesium and 
aluminium, fiMgO . ARO,. 3BiO,. 4H,0. Chiefiy of 
interest as a rock fprming mineral. 

Ripieno (Mvsie). Supplementary or filling up 
parts. 

Ripper (Build.) A tool used by slaters for cutting 
the nails under the slate.s when removing them. 

Ripping { Catp.) Cutting timber in tbe direction 
of the grain. 

Ripple (Phyg.) In general a small wave on the 
surface of a llquitL The term is confined in strictly 
scientific language to those waves which are projia- 
gatcil chiefly by the surface tension of the liquid in 
which they are produced. 

Ripple Marke (Goal.) A wavetl surfaco left upon 
sand and similar dejiosits by a to and fro movement 
of either wind or water. The ripples ere usually 
formed either directly at the surface or else beneath 
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a small depth of water; but their presence has been 
detected on a sandy floor of the sea at a depth 
of a hundred feet or more. Sand ripples are very 
characteristic of desert regions. Ripple marks occur 
commonly on the surface of deposits of volcanic dust. 

Bippling (Xlnsn Maniac.') When the flax plant is 
ripe, seed capsules form about the size of peas, and 
contain the flax seed or linseed. These are usually 
cleared oS before the stalks are retted by drawing 
the plant through a coarse steel comb. The process 
is termed Rippling. See Linsbud Oil (under OILS). 

Bip Saw (Cwtp. and Join.) A saw used for cutting 
timber in the direction of its fibres, and having 
about two and a half to three teeth to the inchr 

Bise (Build.") The height of the crown of an 
arch above the springing. The height of a step, or 
of a 1 ‘ouf above the wall plates. See Abch. 

— (Typog.) The term was originally used when 
a forme could be lifted from the imposing surface 
without any of the types falling out. It is now used 
when, through faulty locking-up or bad justification, 
the forme “ springs ” and the spaces or furniture 
“ rise ” to the level of the type face. 

Riser (Build.) The vertical part of a step. See 
aha St.\IBCASES. 

- (Foundry). An opening extending from the 

cavity of a nmuld up through the sand to the surface. 
When liquid metal is poured in through the gales 
the air in the mould rushes out of the risers, and, 
when the mould is full, liquid metal rises in them, 
showing that the mould is full. The risers also form 
a channel by which dirt, scori®, etc., can be swept 
out of the cavity by the rush of the molten metal, 
instead of accumulating in the top of the mould and 
rendering the upper part of the casting unsound. 

Risen (Tyirag.) The material upon which stereo 
and electro "plates are mounted and fixed to render 
them “ tyiie high.” 

Rising and Falling Saw (<7ar/>.) A circular saw 
which <'an l>c caused to project above its table to a 
greater or less extent by raising or lowering the 
apindlc, which is provided with mechanism for the 
purpose. It is used for cutting grooves of various 
depths. 

Rising and Falling Table (X»^.) Certain machine 
tools (e.g. drills, milling machines) are sometimes 
fitted witli a table of this kind, i.r. one which can be 
raised or lowered either by hand or automatically. 

Bialng and Betting (Aetron.) The instant that a 
celestial body comes into or disappears from view, 
when the obsei'ver has a i>erfcotly clear hotizon. 

Rising Gate (Foundry). A Riseb (q.r.) 

Rising Main. (1) The vertical water pipe in a 
building that issues from the main pipe. (2) The 
l)ipe that supplies a cistern, etc. 

Risolnto (Mutic). With resolution. 

Risvegliato (Mu»lc). In an animated manner. 

Ritardando (Mutie). Gradually decreasing the 
speed. Cf. AtxiBLBBASDO. 

Ritennto (Mutie). Slower, i.e. the wliole passage 
so marked is at onoe to be taken slower, whereas 
ritardando means gradually decreasing the pace. 

RiTers (Oeol.) Solar energy elevatra large quan¬ 
tities of vapour, and gravitation coming into play 
after the vapour is again condensed, toe water of 


rivers is thereby set in motion, enabling them to per¬ 
form a considerable amount of geological work. Hpt t 
of it is of a mechanical nature, and consists, in the flrisit 
instance, of the removal of j^rt of the rock snr&ce 
in contact with the moving water; but part of the 
effect produced arises from chemical oansea In the 
higher parts of river valleys the rate of erosion of 
the river bed in a vertical direction is usually in 
excess of that of the sides of the valley above the 
river bed. Hence, under the combined effect of 
lateral and vertical erosion, the sides of river valleys, 
in the hilly part of their track, are usually character¬ 
ised by steep slopes. The chief function of rivers, 
regarded from a geological point of view, is as 
agents of transport, ^ck material, disintegrated 
and decomposed by the action of sub-aerial forces, 
sooner or later finds its way into rivers, which trans¬ 
port the coarser materials to lower levels chiefly 
during floods, and constantly transfer the materials 
that arc in snspension, as well as those that are held 
in solution, from the land to the sea, where these 
materials are eventually left in a more or less 
stratified form. See Clotos and Rain. 

Rivet. A short cylindrical fastener of metal with 
a strong Lead at one end, used for forming a joint 
between overlapping plates, etc. The livct is inserted 
in a hole which has been previously drilled or 
punched tlirough the plates and is then “ closed "; 
i.6'. a second head is fornicsl by hammering cither 
in the cold or while the rivet is still hot from the 
rivet forge. Copper rivets are always closed in the 
cold; iron or steel ones are nearly always heated. 
The closing may be done by a machine worked by 
hydraulic or other power; the use of a machine is 
quicker, and does not involve the jarring cf the 
plates wii'ch is produced by excessive liammering. 

Riveted Joint (Eng.) Used in girders, boilers, 
etc. It is suitable for joints which have to stand a 
tangential or shearing force—that is, where the 
rivets have to resist forces which tend to move the 
plates past each other. 

Riveted Stays (Eng.) Stays or tie rods whose 
ends are riveted over, 'i.p. heads arc formed on them 
by hammering, as in the case of an ordinary rivet. 
This metliod of fastening a slay rod is usual in 
boilers; but the ends are often screwed into the holes 
first, and the rivet head formed on the projecting end 
of the screw. 

Rivet Forde (Eng.) A small portable forge used 
for heating rivets. 

Rivet Holes (Eng.) Drilled or punched holes 
passing right through plates which are to be riveted 
together. Drilled holes arc much the better, 

Rlvetind Machine (Eng.) A machine resembling 
a punching machine in action, but fui-nishcd with 
dies, one of w'liich supports the head of a rivet, while 
the other closes up or forms a head on the other end. 
It is commonly worked by a hydraulic ram. 

Rivet Steel. Mild steel of good quality is often 
used instead of wrought iron for rivets. It should 
have considerable ten.sile strength, and care must be 
taken to pre\ ent overheating in the rivet forge, as if 
the steel become “ burnt ” it is praotically useless. 

Road Locomotive. A Tbaction Enoinb (q.v.) 

Road Metal (Civil JEng.'* Stone suitable for road 
making; it is crushed or broken to a suitable size by 
hand or machine 
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Roan {Leather Manvfae.') Tanned sbeep-skin when 
dyed and finiabed is known as roan. Roxigh tanned 
basil, after scouring, straining, dyeing, and finishing, 
becomes a roan. It is largely used in the cheaper kinds 
of bookbinding, having somewhat the appearance of 
morocco, but is not nearly so durable. 

Roasting {^^et.) The preliminary heating of ores 
without fusion, whereby oxidation is effected, or 
certiun constituents, such as sulphur, are partially ) 
driven off. •' 

Robeson Magnets A magnet formed by a | 

thin rod of steel, on theend.« of which are fixed steel ! 
spheres. The poles of the magnet lie almost exactly 
at the centres of these spheres. I 

Rocaille. The name given to the style of art in \ 
vogue in the lime of Louis XIV. A characteristic ' 
feature was the treatment of senfils and foliage. Cf. i 
Itocooo, 

Rocclllne (r%m.) /Si*e XAPHTnYLAMixus. 

Rochelle Salt jSrv? lAUXitAiKS. 

Roches Hotttonn^S (Orol.) I'he surfaces over > 
which a glacier has moved for any length of time { 
has usually been moulded by the erosive aeti<jn of 
the Slone shod base of the ice int.o a more or le.ss 
irreguLar form, with pits and muund.s of various , 
sizes and sha|>es, all smoothed and striated by 
glacial action. Where these rounded bos.ses of rock 
are exposed at the surface they look, at a distance, ■ 
like scattererl sheep. Hence the name. 

Rock (Chem. Tech.") llie solid mixture of 
stcar.-ites of lime obtained iu the first stage of the . 
manufacture of .stearine. 

1 

- {Geol.) The term “rock’* in geological ; 

descriptions is not restricted to hard stone, .svich as 
granite or sandstone, etc,, but is applied to any 
naturally formed deposit, whether hard or soft, 
which preserves a certain uniform character over a : 
eonsidcr-able distance. Thus a bed of soft mud or 
a bank of sand would come un«ler tliis desigriatiori 
quite as much as a stratum of limestone or a bed , 
of grit. 

Rock Crystal {AFin.) A variety of Quart/, {//.r.) 

Rocker (Eleet.) The support of a bi'ush in a 
dvnarno or electric motor, by means of which the ' 
exact position of the brush can l>c adjusted. 

- {Engrar.') A tool somewhat rt'sembling a 

broad chisel, used in mezzotint engraving foi obtain- i 
ing a scries of p.jints or grain on the ]iiate. See '■ 
Mezzotint (warAv Enouavinu). 

Rock Forming Minerals {Geol.) Tlie chief rock : 
forming njineruls arc .silicates, the principal ex- > 
ceptions being Quartz, Calcite, and some iron ores. i 
The .silicates may be classed as follows : (1) Silicates 1 
of Alumina, and («) I’otash, {b) Soda, (o) I.imc; ' 
{d) {a) and (ft), or (ft) and (c) rc.sjtectivcly. in ; 
combination. To this category belong the Felspars ■ 
and the P'elspathoids. Tlic felsjiars include; (a) 
The potash fel.s|mrs Oithoclase and Microclinc, the j 
former being usually an original constituent of the ' 
acid eruptive rocks, and the latter a prominent I 
mineral iu the acid gneisses and pegmatites, (ft) ^ 
The soda felsjKir Alhite, which is usually of secondary i 
origin, and i.s not of common occurrenoe except in | 
the druses of largo granite mas.ses. (e) The lime j 
fels]iar Anortliite, which in its normal state is of ■ 
very rare occurrence, {d) Tlie soda lime felspar | 
Oligoclasc, which is a common constituent of many I 


Diorite Granites, and of the Gneisses and Pegmatites 
allied in composition to them, (e) The lime soda fel¬ 
spar I.abradorite, which, with its varieties, is probably 
the most widely distributed of all the felspars, and 
is the common felspar of the basic and of most of the 
sub-basic eruptive rocks. The Felspathoids include 
the minerals Leucite and Kephcline, of wliich the 
former is common in many post-cretaceous basalts. 
Allied to the felspars in composition is the light 
mica, Muscovite, which in many cases is formed 
out of dynamically metamorphosed potash felspar. 
This mica is practically indestructible when in small 
flakes, and hence is found in most sandstones and 
also in many clays. Some Muscovite is an original 
mineral of Granites and Elvans. (2) The Ferro- 
magnesian Silicates. These include (a) Olivine, 
which is a mineral of common occurrence in the 
basic and the ultrabasic rocks of eruptive origin, 
and is rare in, or absent entirely from, the gncis.ses 
and schists, (ft) The Pyroxenes, of which there are 
several species, varying In crystalline characters, and, 
t o a small extent, also in compositi on. The commonest 
of the Pyroximes is Augitc, which is present in most 
basic and ultra-basic eruptive rocks. A less common 
species is Enstatitc, which also occurs in the rocks 
just mentioned. Tlio minerals classed under (a) and 
(ft) give rise, through the prolonged action of under¬ 
ground waters, to tl>e important rock Serpentine 
{f/ r.) Some Pyroxene is an imi>ortnnt constituent 
in the initial stage of the Scottish Le.vvisian Gneiss. 
Another variety (Diopside) is a common secondary 
mineral in many highly metamorpho.sed marbles. 
Aiigito, under the influence of dynamic meta- 
m(jrj)hi.sm, may pass into Hornblende. On the other 
hand, tiic latter mineral changes into the former 
under thormo-metamorphic action, (c) Tlte Amphi- 
iiolcs. Of these there arc many sjx'cics, distinguished 
l‘T their crystalline ehamclcrs or by (iiffcreuces in 
clioraical composition. I'he commonest is Horn¬ 
blende, wbicii is an e.ssential con.stitueni of all 
Hiorites, and which occurs also in most Syenites, as 
well as in the Diorite-Oranites. It is a common 
constituent in most Andesites and I’orpliyrites {g.r.), 
as W’ell as the majority of Trachvtes and Lampro¬ 
phyres. Ilornhlenile eniers largely into the emn- 
jfosition of most of the Scottish I,ewisjan Gnei-ses, 
seemingly as a secondary mineral due to the altera¬ 
tion of the original Pyroxene, and is also of common 
occurrence in tlie Pegmatites of the.se Gneisses. 
Under prolonged dynamic action Hornblende jia.sses 
into Pietite, so that many Biotite Gneisses were 
originally Hornblende rocks. Of the remaining 
Amphiboles tlie only one that calls for remark is 
Trcinolite, which is a product of the thermo-meta- 
raorphism of some magntisian limestones. Biotite, 
however, is often an original mineral, and is a 
characteristic mineral of nearly all Granites, Syenites, 
and Diorites, as well us of their respective gneisses 
and fiegmatites. It is also found in most Traiihytes 
and Andesites, as w'ell as in the T.ampTophyrc.s and 
l’orphyrit.e.s. tjuartz is an es.sential constituent of 
the acid eruptive rocks, and of their respective 
fK^gmatites and gntdsscs. In its derivative state it 
forms sands and sandstones, and is then a cliarac- 
teristic mineral of the terrigenous rocks {q.v.) ('iil- 
cite is the basis of all limestones, Ilmenite (the 
ferrous titanatc) is the chief original iron ore of the 
basic and ultrabasic eruptive rocks. 

Rocking Frame (Eng.) A hinged or pivoted 
support for a t rain of gear wheels, used for actuating 
the back shaft of a self acting lathe (f.v.) 
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Rook Bolt iGnol.) Commercial Salt is obtained 
from three principal sources: (1) By the natural or 
the artiflcild evaporation of sea water; (2) by col* 
lecting the films of salt left on the surfiace of deltas 
where river water is subject to excessive evaporation; 
and (8) from stratified deposits, such as those which 
occur in connection with the Keeper Marl (Cheshire), 
or with the Banter Marl (Middlesboro’). The term 
Bock Salt is generally restricted to these last- 
mentioned stratified deposits. Most Bock Balt 
appears to have originated in the following manner: 
During storms largo quantities of the spray of sea 
water are driven inland by the winds, and, in course 
of time, undergo some desiccation. Hence the 
atmosphere, more especially in maritime districts, 
may be said to be luarled with minute particles of 
salt dust. These salt particles eventually form the 
nuclei of raindrops, or fog particles, or flakes of 
snow, and are thus conveyed to the surface of the 
Earth, Sooner or later the water thus originating 
finds its way into rivers, and thence, in the ordinary 
course, back again to the sea, where the cycle com¬ 
mences anew. But in many parts of the world the 
water of even large rivers may be entirely returned 
to the clouds by exetrssive cvajtoTation. The Caspian, 
the Dead Hea, the Great Balt l^ake, the desert region 
of Central Asia, present good examples of this 
nature. In all of these the salts carried down in 
solution by the rivers undergo coricentration as 
cvaiwration proceeds, and the dissolved matters are 
eventually left behind in the solid form. As most 
of the British Salt depo.sits oceur in connection with 
strata which have certainly been formed under arid 
conditions, it is natural to conclude that the dejiosils 
of Bock Balt which they enclose have been formed 
by the prolonged evaporation of bodies of river water 
iii a manner similar to that referretl to above. 

- Sodium Chloride; KaCl. Sodium = 

39 i}, chlorine =» GO T per cent. Cubic, sometimes 
in skeleton cubes or hopper shaped crystals; 
more often massive. Colourless to yellow, red, 
blue, or purple, the colours being due to iiu- 
puritic.s. Magnesium and calcium chlorides are 
usually present us impurities, and cause the salt to 
bo deliquescent. The sulphates of calcium an<l 
magnesium are other common impurities. Large 
deposits of salt occur around Nanlwich, in Cheshire ; 
at Droitwich, in Gloucestershire; also in Catalonia 
and Castile, in Spain; Bex, in Switzerland; and 
numerous other localities. 

Rococo. A debased style of ornament of the times 
of Louis XIV. and XV. It is an exaggerated style 
of Bocaille (^.r.), chanictcrised by confused 
and mefiningless scrolls, sliellwork, and foliage. 
Suhsequcntly the term was used contemptuously to 
denote heavy and tasteless decoration. See alto 
Benaissance {Architect.) 

Rod {Build ) Brickwork (in London) is measured 
by the rod, whiesh equals 272j^ square feet of reduced 
work, i.c. one brick and a half thick. In practice 
the J foot is generally ignored, making it 272 
square feet. 

- {Carj>. and Join.) (1) A stick used for 

meas-uring. (2) A flat board, carefully planed, on 
which is constructed a full sized drawing of a piece 
of work; in most cases the cross section of the work 
under construction forms the principal drawing, other 
details being added if necessary. The joiner uses 
the rod as a working drawing, taking his measure¬ 
ments from it, and also checking the dimensions of 


the different pieces of the work by direct comparison 
with those shown on the rod. 

Rod Chitel (.Shy.) A blacksmith's cutting, chis^i 
held by means of a long handle usually consisting of 
willow twigs or withies. 

RoddinB {Foundry). Supporting the sand forming 
the upper part of a mould which projects into a 
cavity by means of rods of iron of suitable length 
suspended from the fia.sk. This also prevents the 
projecting sand from being broken away by the fluid 
metal. 

Rodinal {Photo.) See rAHA-AMlDOPHBNOL. 

Rod, Pole, or Perch. See Weights and 
Measitbes. 

Roentgen Raya {Fleet) See Radiation, 
Rohrfldte (A/m.«c). A reedy flute. An organ stop 
of closed pipes, with a hole in the stopper. 

Roll {Plumh.) A rounded piece of wood used to 
dress the lead over at the joints on a gutter or fiat. 

Rolled Bara {Met.) Bars of iron or steel of 
uniform section produced by passing them through 
a rolling mill. 

Rolled Beam, Girder, etc. {Eng.) Beams or 
girders made in one jiiece by rolling mills, instead 
of being built up of separate parts. 

Roller (Engrar.) A wooden cylinder covered 
with leather, used for spreading an acid resisting 
varnish over the plane surface of a plate that has to- 
l)e rebitten. See Engbavinq and ETCHING. 

- {Mueic). A part of the mechanism of an, 

organ. See p. 4.‘53. 

Roller Chain {Cycles). See Cycles. 

Roller Delivery Motion (Cottm Spinning). A 
moti-m on a mule tor giving out two or tliree extra 
inches of yarn during the winding i)rocess as the 
carriage travels inwanls. 

Roller Feed {Carp., etc.) Certain forms of wood 
working niacdiinery have grooved rollers lietween 
which the timljcr pas.sc.s. 'J'he rotation of these 
rollers feeds or drives the wood towards the saw or 
cutter. 

Rollers {Tyj>og.) Used for inking the forme in 
the couvso of printing. They are made of a compo¬ 
sition consi.sting of glue, treacle, glycerine, etc. 

Wnlling {Eng.) Tlic production of bars or plates 
by the Rolling Mill (y.r.) 

Rolling Curves. IMeces of thin wood, metal, card, 
etc., cut to shape, are used ftw setting out the teeth 
of wheels. See Wheel Teeth. 

Rolling Friction. The friction between a rotating 
body and t!ie surface with which it is in contact, 
when there is no relative movement of the two 
sui faces at the point of contact. The case of a 
wheel rolling on a sraoolh surface is the best 
example; the friction is much less than the Sliding 
Fbiction (y.e.) 

Rolling Load {Eng.) A load or weight which 
moves along a structure, as in the case of a vehicle¬ 
passing over a bridge. 

Rolling Looker {Laee Manufac.) (1) A plain net- 
machine (Heathcote’s principle), but the bottoms of 
the carriages are tootlied, and the teeth engine with 
fluted rollers, which contribute the necessary move¬ 
ment to the carriages. (2) Defines the method of 
moving the carries in the description of lace 
machine bearing that prefix. 
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Knlllng Mill* {Met.') Sets of iron (or steel) rollers 
gesred together so as to rotate in opposite directions. 
Bars and plates of iron are formed by passing a mass 
of iron between the rollers, which are cithe? plain (for 
plates) or furnished with suitable nooves for the 
production of bars of any required section. The 
machinery can be reversed in some cases, so that a 
bar can he passed through from the opposite side, 
in order to save the time and labour involved in 
'bringing the metal round to the side from which it 
was first passed through. The same object is served 
by having three rollers, when the mill is said to be 
Thbee High, as distinguished from the mill with 
two rollers, which is termed Two High. In the 
three high mill the top and bottom rollers tnrn in the 
same direction, the centre one in the opposite direc¬ 
tion. The bar is first passe<t between the low'cr ones, 
then passed back between the upper ones (or rice 
vertd). Tbem are, three classes of Rolls; Pcddliso 
Rolls, which consist of a train of two pairs for 
blooms, and are often called the Forge Train ; Mill 
Rolls, wliicb produce finished merchant iron from 
billets, and are generally three high rolls; and Plate 
Mill Rolls, specially intended for rolling boiler and 
other plates, tiheot mills arc similar, but for lighter 
work. 

Roll Moulding (Architect.) (1) A round moulding 
or bowtell (q.r.) (2) A round moulding with a slightly 
projecting fillet. (3) A moulding formed of two 
half rounds, the upper one projecting slightly in 
front of the lower. The last form is mure commonly 
known as a scroll moulding (q.r.), and is character¬ 
istic of Decorate<l Gothic architecture. A roll mould¬ 
ing with a well defined fillet is known as a “roll and 
fillet ” moulding. 

Rolls (IJind.) Tools used in finishing. A roll 
consists of a small brass wheel fixed to a l.andlc, tlie 
periphery of the wheel being engraved with .some 
design. 

- (Met.) S/e Rolling Mills. 

Roman (Tyjwj.) The ordinaiy upright letter u.'-ed 
in printing, as distinguished from italic and fancy 
type. Numerals expressed by letters as distinguisherl 
from these expresse<l by Arabic chaiactcrs. S/e 
NVHEltAJJS. 

Roman Architecture. The style of architecture 
which obtained in the Roman Empire during the first 
four centuries of the Christian era. In this style tl.c 
trabeated construction of the Greeks is combined 
with the use of the semioironlar arch, dome, and 
vault. Tlie three orders used by the Greeks were 
adopted, with various modifications, by the Romans; 
and variations of the Boric and Corinthian orders, 
known as the Tuscan and Composite orrlers respec¬ 
tively, were also n.sed by them. The orders are, how¬ 
ever, used more an a dc< oratkn than as an essential 
part of the construction. Pedestals are used to in¬ 
crease the height of the order, and the varions orders 
are superimposed over each other, the simple.st and 
most sturdy being always placed below the slender 
and more ornate orders. Tim peripteral form of 
temple of the Greeks was not extensively used by the 
Romans, the pseudo peripteral taking its place. 
Roman mouldings are usually richly carved, but the^' 
lack the refinement characteristic of Greek work. 
See Gueek Abchitectube and Abchitectube. 
Obdebs of. 

Roman Cement. A quick setting cement used for 
plastering the outside of walls, when required to bo 
painted soon after the plastering is finished. See 
Cements. 


Roman CerintAlnn OrdAr. See Abchitbctvbb, 
Oboebs of. 

Roman Dorie Order. See Aboritbctube, 
Obdebs of, 

Romanesque Arohiteotnre. The architecture of 
Western Europe, which was developed after the 
decline of Roman architecture, and from which 
Gothic architecture was developed, is known as 
Romanesque. Romanesque architecture in England 
is divided into two periods—Anglo-Saxon and 
Norman (q.r.) 


Roman lonle Order. 

Obdebs of. 


See Abohiteotube, 


Rdntgen Rays (Phys.) See Radiation and 
Radio-Activity. 

Rood. See Weights and Measures. 

Rood Screen (Architect.) The screen separating 
the chancel from the nave in a Gothic church. The 
platform which is frequently found above the rood 
screen, an<l known as the rood loft or jub4 (q.r.), 
supported the rood or crucifix. 


The upper or overhead surface of 


Roof (Mining). 
a working. 

Roofs (Build.) Roofs vary greatly, both in form 
and in the materials employed in their construction. 
In countries where there is little rainfall, fiat or very 
low pitched roofs arc often found, anti projecting 
eaves are added to .liford shade. With increasing 
rainfall and the occurrence of snow the angle of 
inclination increases. The nature of the covering 
material varies with loiality, climate, means of 
transit, the dimensions of the structure, and other 
factors. Among the chief natural materials now 
used may be enumerated Thatch in various forms, 
Wood. Klatbs, aii<l Stone, which possesses a marked 
parallel cleavage; among manufactured materials, 
Tilhs, Sheet Ieon, I.ead and Zinc, Glass), and 
fiexible materials which liave liccn rendered water¬ 
proof, such as Felt, Canvas, Papeb, Cabdboabd, 
and various patented niatonals. The structure which 
su 7 )ports the roofing material takes many forms, of 

wliich a few only can be * _ 

dealt with here The 
simplest form is the 
Lean-to Roof (fig. 1). 

A is a Rafteu BupporttMl 
by Wall Plates b and 
c, the former resting 
directly on the top of one 
wall, the latter being 
carried on cojbels or by a 
ledge or offset. This form 
is suitable for spans of 8 
simple Couple Roof for 
spans of 10 or 12 ft. ; the 
rafters A, A rest on wall 
plates B, B at their lower 
ends, and abut against a 
Ridge Piece d at the 
top. If the span exceed 
12 ft., the outward thrust 
of the rafters may be 
Oollab e (fig. 3). When 
the tie extends across 
between the lower ex 
tremities of the rafters, 
the arrangement is termed 
a Couple Globe. The 
ties may serve to support 



or 10 ft. 


Fio. 1. 

Fig. 2 shows a 
■D 



tie or 


Fio. 8. 
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a oeiUngt they form Cbilino JoiSTa A roof of 
this pattern may be used for spans up to 16 ft. 
A further modU 
fication is shown 
in fig. 4, Here 
the rafters A, A 
rest on Pole 
P liATSB F, snp* 
ported by the 
Tie Beam q. 

The rafters are 
farther snp- 
portedbySTBUTS 
H, H, which abut against a piece K, termed a 
Btbainino Bill. For spans of 20 ft. or more a 
King Post Tkubs (fig. 5) may be used. The 



UKUBnSH 

li^Bi 



Fig. 4 . 



Pbincipal Baftebs a, a are attached at their 
lower ends to the Tie Beam q, the joint being 
secured if necessary by an iron strap passing round 
both rafter and tic beam. At the upper end 
each rafter is tenoned into the vertical King POST. 
Iron phile.s, shown in black, strengthen these joints; 
at the lower end a strap passes under the tie 
beam, and is tightened up by wedges, forming a 
gib and cottar, and passing througli the king 
post. The Common Uaftebs m, h are sup¬ 
ported by PuBLiNs N, N, which are horizontal 
timbers placed parallel to the ridge and supported in 
turn by the principal rafters. In the construction 
of still larger wooden roofs a Queen Post Tbuss 
(fig. G) is used. 



Fro. 6. 

The letters correspond to those employed in fig. 5, 
with the addition of certain members; these are two 
Queen Posts q, q ; a Steaining Beam o ; a straining 
sill between the lower extremities of the queen posts, 
and struts H, H. Iron bantis and plates (shown in 
black) are used to strengthen the principal joints. 
The form of a roof may be modified to enable the 
roof space to bo utilised as a room : one of the ways 
of doing this is to employ a Manbabo Boof, shown 
in outline in fig. 7. 


Fto. 7. 



When two roofs interseot, as when the surfaOe slopes- 
upward from the ends as well os the sides (instCBd. 
of ending in a gable), 
a Hipped Boof is 
formed. The rafter 
which runs from the 
intersection of the wall / 
plates to the ridge is / 
termed a Hip Rafteb; -j i 

those which run from ' Ij 

the wall plate and ter¬ 
minate against the hip 
rafter are termed Jack Raftees. A special device 
is often used in the laiger roofs to strengthen the 
roof at the angles of 
the wall; this i s shown 
in fig. 8. B, B are two 
wall plates, halved 
together at the angle, 
and connected by a 
member D. To the 
centre of this the 
Dbagon Beam c is 
attached by a tusk jr,o. g, 

tenon; at its other 

end it is notched to the ■wall-plates. In certain 
cases, such as churqhes and large medimval halls, 
no ceiling is used, and the timbers 
of the roof are treated in a 
decorative manner. In such cases 
the llAMMEB Beam Tbuss is fre- 
(jnently used, the princii>al rafters 
being supported as in fig. 9. A 
corbel c supports a Wall Piece 
w, from the top of which projects 
a Hammf.b Beam h, supported by 
a strut s. Above the hammer 
beam springs the PBiNCiPAL 
Rafteb a. Tbe hammer beam 
thus appears to be tbe end of a tie 
beam, of which the central portion 
has been removed. The largest 
roofs are now constructed of iron, 
which offers many advantages. A 
good tension joint, always difficult 
in woodwork, can easily be secured; 
tie beams may be replaced by 
.slender tie rods, and stmts, prin¬ 
cipals, ete., b}' rolled T iron or 
channel iron, much lo.ss cumber¬ 
some than the m.'issive wooden members which 
they replace. Great 
variety of form is 
given to iron roofs, 
two simple forms 
being shown in fig.s. 

9 and 10. Joints 
are made by flat 
plates, eyes, etc., 
riveted, or, prefer¬ 
ably, bolted to- 
geriier. n. 

Root The 

note on which a chord is built, i.f. the bass note of 
a chord in its original position. The “ Day ” Theory 
traces all chords to the three roots, Tonic, Domin¬ 
ant. and Supertonic ; but this theoi*y is by no means 
universally accepted. For instance, the chord 



Fig. 0. 
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in the key of C would, according to the “ Day ” Theory, 
have the root G, and be called the third inversion 
of the Dominant llth. Another theorist looks upon 
F as the root, and speaks of it as the Added 6tb ; 
whilst yet another looks upon D as the root, and 
calls it the first inversion of a 7th. The idea of 
tracing chords from roots seems to haTO originated 
with Bameau in the latter port of the seventeenth 
century. 

Rope Crane ilSng.'y A form of overhead crane 
driven by Rope Gearixg {q.v.) 

Rope Gearing (A^ny.) Power can be transmitted 
long distances by means of ropes, which serve as 
belting. The ropes are allowed to hang somewhat 
loosely, and as the tension in them is small, they 
must run at a high speed. If the machinery to 
which the power is transmitted is not stationary, 
some arrangements must be made for “ taking up 
the slack.” This is usually managed by leading the 
rope over guide pulleys, which can be moved up or 
down as required, so that the necessary tension is 
maintained. 


Ropes. Ropes arc made of hemp, manilla, cotton, 
or iron or steel wire. The size of a rope is its circum¬ 
ference in inches; thus a six inch rope is one rather 
under 2 in. in diameter. 


Rope Wheel. A pulley with a V-shaped groove, 
often with corrugations along the inside of the 
channel, which is used when motion has to be trans¬ 
mitted from the rope to the wheel, or vice vertd. 

Roeaeea {Botany). A large and important order 
of JHeotyledom. Many of the plants are of economic 
value (Rose, Apple, Plum, etc.), while other.s are 
cultivated as garden plants (Rose, Spiarma, Geum, 
€to.) 

Rosalia {Musir), The device of rejieating a 
musical figure, transposing it one note iiigher at each 
repetition. This device should never be continued 
more than three times in succession. 


Rosaniline {Chem.) 

\Cen,NH^4) 

Leucaniline, the leuco compound of rosaniline. 
(Paratriamidodiphenylmetatolyl methane.) 


no.c<^.- C,.n,NH, 

Colour bitse of rosaniline 
(Paratriamidodiphenylmetalolyl carbinol.) 

^CgH«.NII,Cl 


Rosaniline hydrochloride, commonly called rosaniline. 
Rosaniline itself would be 




-O.H,NIL 

'CglI,:NH 


and is only known in the form of its salts, of which 
the hydrochloride and acetate too are used as a dye 
under the names rosaniline, magenta, and fuchsine. 
These salts form lustrous greenish octahedral crystals, 
slightly soluble in cold water, readily soluble in hot 
water or in alcohol, the acetate being more soluble 
than the bydrocliloride. The solution is red. On 
adding much hydrocliloric acid to the solntion it 


turns yellow, owing to the formation of an acid salt. 
It dyes silk and wool bluish red, cotton mordanted 
with tannin and tartar emetio the same. When 
boiled with caustic soda solution the colour base is 
formed, and crystallises in white leaflets on cooling. 
Magenta forms a colourless compound with sul* 
phurous acid, which gives other dyes when aldehydes 
are added to it (Test for aldehydes). The constitu¬ 
tion is settled in the same w^ as that of Para* 
rosaniline {q.v.") Rosaniline is prepared by the 
oxidation of a mixture in molecular proportions of 
aniline, orthotoluidine, and paiatoluidine: 

NH, NKj NH, 

0 0 "- 1 

CH, 

The oxidising agent is nitrobenzene in presence of 
iron and hydrochloric acid, and its mode of action is 
that described under pararosaniline {q.v.") That the 
nitrobenzene does not act directly seems to be shown 
by the fact that if chlornitrobenzene is used, no 
chlorine substituted rosaniline is formed. The action 
i.s carried out as under pararosaniline. A number 
of important dyes are rosaniline derivatives, Aoid 
vuiyenta is the sodium salt of rosaniline trisulphonic 
acid. Hoffmann'* violet is tricthylrosaniline, ob¬ 
tained by heating rosaniline, ethyl iodide, and 
alcohol together. Iodine green is pentamethyl- 
rfhsaniline, obtained by heating rosaniline, methyl 
iodide, and methyl alcohol together. Aniline blue: 
^en phenyl groups are introduced into the rosani- 
line molecule the colour varies from violet to blue 
a.s the number of groups introduced increases from 
one to thn!e. Aniline blue itself is triphcnyl- 
josaniline, one phenyl group entering each amide 
group. It is usually met with as tlic hydrochloride 
wliich form.s brilliant green crystals insoluble in 
water, sparingly soluble in alcohol; the acetate 
readily dis-solves in alcohol (spirit soluble bine). By 
the action of conccntiated sulphuric acid one to 
four sulphonic acid groups may be introduced 
forming soluble aniline blues, which are much used 
as dyes. Aniline clue is made by heating rosaniline 
(colour ba.se) with a large excess of aniline and some 
benzoic acid to the boiling point of aniline for some 
hours. On treating the product with concentrated 
hydrochloric acid the hydrochloride sejiarates out. 

Rose {Botany), Rosa, a genus of the order 
Jtosaceee. From R. eentlfolia is obtained the volatile 
oil known under the name of Attab or Otto ok 
Rosks. This oil occurs in the petals of the flower. 
Rosewateb is also prepared from the petals. 

- or Rosette (A rehitect.') The flower used in 

the centre of each of the concave faces of the Abacus 
of the Corinthian capital is known as a rose. A 
form of rose is also used as a repeating ornament in 
the Norman « Rose moulding,” and the “ Tudor rose ” 
is an ornament freely used in I'erpendicular Gothic 
architecture. 

Rose Bengale. See Dyes axd Dyeing. 

Rose Bit. A boring tool or bit whose shank or 
body is equal in diameter to the hole to be drilled, the 
cutting edges being formed on the end of the tool 
only. These catting edges are usually in the form 
of radial teeth ent on the flat or rounded end of the 
bit. It is used for making a hole truly cylindrical 
after it has been drilled out nearly to size by an 
ordinary driU. 
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Rom MftddoF (^Paint.') One of the lightest 
colonied of the madder lakes, but a little darker 
than pink madder. It is prepared from madder root 
and placed in a filter press, from which a clear liquor 
is obtained. On the addition (which should be 
gradual) of sodium carbonate, the colour is precipi* 
tated. See Maddbb. Much of the commercial ruse 
madder is made from alizarin. See Lajuos. 

RoMmo^ (^Botany). The essential oil distilled 
from the inflorescence liotmarinut effieiTialie (order, 
LabUUa}, 

Rom Quartz A variety of Quabtz {q.v.} 

of a rose colour. 


RoMtte Copper CMct.) Copper obtained in thin 
masses by throwing cold water on the surface of the 
fluid me^. 


Rom Vindow (^ArohUeot.) The richly traceried 
•circular windows peculiar to the Decorated period of 
<}othic architecture are known as Hose Windows. 
Those windows were de¬ 
veloped from the wliecl 
windows of the Early 
English period, in which the 
arrangement of the mullions 
resembles that of the spokes 
in a wheel. Rose windows 
arc also known as Catherine 
wheel windows and Mari¬ 
gold winilows. 


Rosewood. See Woods. 

Rosin. See Besik. 



Robb Window. 


Rosin Oil {Bee., eto.) A heavy oil obtained by the 
dry distillation of rosin. It is mixed with lime for 
producing rosin greases, and used in printer’s ink 
and sometimes as a paint oil. It i.s however, not 
suitable for the latter purpose, as although it hardens 
when first exjxi.sed, it is very apt to afterward 
become soft. Three qualities of rosin oil are recog¬ 
nised, “hard," “medium,” and “soft.” Specific 
graiity varies from 0-»80 to 0-990, but heavier oils 
are made. 


RomUc Acid {Chem.) 




C< 


Cell, 


^ CeH,:0 


OH 

OH 


O^stallisea in red plates with green reflex; very 
slightly soluble in water; soluble in alcohol with 
orange-red colour; soluble in alkalis with red colour. 
It gives a leuco-compound on reduction. Heated 
with water at 240°, it forms phenol and dihydroxy- 
phenyltolylketone, CgH,OII. CO. C,HjCH,OH. It i.s 
formed from rosaniline (q.v.) by diazotising it and 
boiling the hexazo-compound with water; it is also 
fumed by heating together phenol, creaol, ar.senic 
acid, and sulphuric acid. A similar compound, called 
Pababosolxc Acid, or Aurin, is obtained in a similar 
way from pararosaniline. These compounds are 
only used in colouring varnishes and lacquers. 


Rostnun (AroAiteet.) A platform or other 
elevated place from which a speaker addresses an 
audience. 


Rot See Woods. 


Rotary ConTorter {Elect. Eng.) A machine by 
which a continuous current is changed into an 


alternating one, or vice vered ; both currents trsns-i 
verse the same armature winding. It is esaeptialfy 
an ordinary continuous current machine, hut - is 
provided, in addition to a commutator, with slip 
rings connected to definite points on the winding. 

Rotary Cotter {Cdrj).) A nnmber of sep^te 
cutters analogous to plane Irons, mounted in a 
central block (termed an Adzb Block) which 
rotates at a high speed; used for planing, moulding, 
etc., on a large scale. 

- {Eng.) A rapidly revolving wheel of 

hardened and tempered steel, furnish^ with teeth 
of suitable form; used in milling machines, gear 
cutting, etc. 

Rotary Engines {Eng.) In many of the early 
forms of steam engine the chief moving parts had 
rotary, instead of reciprocating, motion. None of 
those forms were really successful, but their objects 
have now been attained in the Steau Tubbike 
{q.v.), which, however, depends upon principles 
different from those of the early rotary engines. 
See aim Steam Enoisb. 

Rotary Furnace {M<t.) See REVOLVise Furnacb 
and I’EENOT S Fubnace. 

Rotary-Machine. See Typogbapht. 

Rotary Pumps {Eng.) Centeifitgal Pcmps {q.v.) 

Rotary Strainer {Paper Manufae.) An apparatus 
used for removing small knotty pieces of material 
from beaten pulp. 

Rotary Transformer {Elect. Eng.) See Rotaby 

CO^■VBB■l'EB. 

Rotation {Aetron.) Ihe motion of a body round 
a oential axis, like the earth round its axis. 

Rotation of the Plane of Polarisation {Light). 
See Polaihsatiok. 

Rotator {Met.) A Kev’^olviko Furnace {q.v.) 

Rotatory Power {Chem.) See Molbculab Ro¬ 
tatory J’OWER. 

Rotor {Elect.) The revolving portion of an 
alternating or polyphase current motor. 

Rottenstone {Geol.) Certain limestones contain 
a large proportion of silica, originally opaline in 
character, and mostly of organic origin. When such 
limestones are acted upon by waters containing 
carbonic acid or the humus acids, the lime is removed 
and the finely divided silica is left as a powder 
known as Rottenstone. Used for polishing household 
articles of metal. 

Rotunda {Architect^ A building which is cir¬ 
cular in plan, both inside and outside. Tlio Pantheon 
at Rome and the Albert Hall in London are examples. 

Rouge. A finely ground polisliing powder of red 
colour, composed of ferric oxide, usually prepared 
from one of the salts of iron (e.g. the sulphate or 
oxalate). The term Rouge is also applied to various 
mixtures which are used as polishing powders and 
pos8e.s.s the .same tint; e.g. a mixture of powdereil 
Talc {q.v.) with the ttowers of the Safflower (g.-p.) 

Rough Brackets {Carp, and JoH.) (1) The wodd 
bracket.s behind a plaster cornice. (2) The ti-iangulax 
pieces fixed to the carriages of stairs. 

Rough Cast {Build.) A style of plastering the 
outside of half timber houses, gravel being mixed 
with or thrown on the wet plaster, to which it 
adheres. 
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Bou^ 43oat {Fbttndry). The first layer of *loam 
applied to a core bar, etfi., in bqildmg np a core or a 
loam pattern. 

Rough Cut QEnff.) (1) Applied to the coarsest 
toothed files. (2) Taking off a quantity of material 
to bring it approximately to shape or to remove 
^skin or scale from the surface. 

Ronghlng (Linen Manvfuc.) The first process of 
hackling. It consists of drawing the rough flax in 
handfuls over coarse pins set in a block of wood, to 
comb out all short and twisted fibres and split up 
f^l pau-cels of fibres that may bo sticking together. 
Also termed “Rough hackling.” 

Rooghing Hole (Jfet.) A basin-shaped cavity in 
the ground into which the slag from a blast furnace 
is run and allowed to cool ^fore removing to the 
cinder tip. It is used as an alternative to cinder 
tubs.' A conical steel pin is placed in the middle of 
the hole, by which to pick up the slag “oyster” 
when cool. 

Hon ghing Oat (Eng.) Shaping a piece of material 
in an approximate manner: applied esjiccially to the 
preliminary stages in forging. 

Ronghlng Rolls (Etuj.) A rolling mill n.sc(l to 
shape a bloom of puildled iron into a bar j)reparatory 
to the exact rolling which produces the final form. 
See Rolumg Mills. 

Roagh MeasaremeDts (Eng., etc.) Approximate 
measurements gi\cn in the case of castings, forgings, 
etc. They are always larger than the proper dimen¬ 
sions of the finished object, thus allowing lor 
machining and fitting. 

Rough Plate (Glatt Manufac.) See Plate (Ilass. 

Roolette (Engrar.) A tool consisting of a small 
wheel or disc of tempered steel attached to a handle, 
the edge of the disc being furnished with sli.arp 
teeth. Used in cngnaviiig for imparting tone or tint 
to a metal plate, or as an adjunct in etching. 

-— (Math.) A plane curve traced out by a point 
in a curve, or in the plane surface enclosed by the 
curve, which rolls (without slipping) on anotlier 
curve. 

Roond (Musir). A species of infinite canon in 
which the performers begin at regular interval.^ 
and sing the same music, coming “ round ” to 1 he 
beginning again after reaching the end. A round 
written out in full insU'ad of in settre was called a 
“catch,” but the term is al.so applied to a. round 
having humorous effeot.s, a well known example being, 
“ Would you know my C’elia’s charms 1 ” 

RooBdel (ITer.) See Ruunulkt. 

Roiuding (Bind.) Shaping the back of a book 
previous to backing and binding. This is effected 
by holding the bttok in a certain position and striking 
the back with a hatnmer, the book being turned over 
from time to time until the back is a suitable shape. 

- (Leather Manu/ac.) Hide.s cither pre^’ious to 

tanning or after tanning and before finishing are cut 
up into the butt or back, the shoulder, and the belly. 
This process is termed rOunding. 

‘^oandlet or Roundel (Iter.) Small round discs 
of frequent occurrence as charges. The various 
tinctures give them distinctive names. If er, they 
are blazoned “ bezants "; argent. “ plates ”; aziare. 

** heurtes ”; guhe, “ Torteaux ”; vert, “ jx>mmcs ”; 
purpvre, “ (lolpes ” ; mUe, “ pellets ” : t.enni, 
"oranges”; eanguine, "guzes.” The last two are 


seldom seen. The Fountain >'is represented divided 
horizontally by wavy lines, i.e. harry wavy «f six, 
argent and azure. 

Round Hoae (Eng., etc.) A term applied to various 
tools with a cutting edge which is rounded, as aeen 
on phin. 

Round Plane (Carp.) See Hollows and Bounds. 

Router (Carp.) A cutting tool fixed in a stock or 
body; the edge projects some distance below the 
sole or lower surface of the stock, and is used for 
cutting the bottoms of grooves and sunk surfaces 
in woodwork. 

Rove or Roving (Temtile Manvfae^ The term 
applied to the sliver or flat tape it is finally 
drawn out and has received a slight twist in the 
machine called the roving frame, preparatory to 
.spinning. 

- (Cotton Spinning). The final strand or 

coarse thread, slightly twisted, which is prodnoeil 
on the roring frame for the purpose of spinning into 
a thread on the ring frame or mule. Konietimos 
applied as a general term to the productions of all 
fly frames. 

Rowel (Her.) The end of a spur formed like a 
star or wheel; replaced the earlier “ pryck spur ” 
about 1320. 

Row Tube. Tliis is a patented form of steam heat¬ 
ing luhe, which, when formed into coils or batteries, 
gives much better results than plain copfier tubing. 
They arc also used for condensing waste steam. An 
ordinary copper tube is indented alternately at the 
sides and top and bottom to jield the following 
section • 



The steam is thus baffied, and a much greater heating 
or cooling surface rendered serviceable. 

Royal (Paper Trade) Printing paper 20 a 25 in. 
Writing jiaper 19 x 24 in. 

Royal Academy. See ACAOsinr, Boyal. 

Royal Cord (Silk Manufae.) See Ottoman. 

Ru ( ('hem.) The symbol of RUTHENIUM (g.v.) 

Rubato (Mueie). Robbed. In order to enhance 
the expression of a passage some notes of a bar are 
performed not in strict time, ix. if part of a l»r is 
faster thsin the correct tempo, the remainder of the 
bar must be slow'cr, as the length of tlie whole' bar 
must correspond with other bars. Mr. Fuller Mait¬ 
land says, in The Dictionary of Afndo and J^sieiane: 
“Tempo rubato is allowable in the works of all the 
modern ‘romantic’ masters, from Wober^dowmwards, 
with tlie exception of Meiidelssohn. In the case of 
the older masters it is entirely and unconditionally 
inadmissible, and it may be doubted whether it should 
be introduced in Beethoven.” 

Rubber (Build.) See Cuttbb. 

—- (Joinery, etc.) An abrading surface;, such as 
sandpaper, wtapixsl round or attached to a blo<& of 
wood, which serves as a bolder. Used for smoouiug 
wood ready for varnishing, polishing, etc. - ^ 
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Bvbber (In^srabber or Caoatohoac). An clastic 
gum or resin derived from a great variety of trees, 
vines, and shrubs, most of which grow in the Torrid 
Zone. The latex or milk is obtained by making 
incisions ^through the bark, but not as far os the 
wood. In the case of some vines and shrubs short 
lengths are chopped up and the rubber extracted by 
means of pounding and soaking in hot water. There 
are over two hundred varieties of rubber on the 
market—not because of any great difference in 
the rubber, as rubber, bnt owing to the methotl 
of preparation, impurities present, geiigraphieal and 
botanical distinctions. The valley of the Amazon, 
consisting of hundreds of thousands of squ.are miles 
of forests in Brazil, Bolivia, and IVru, produces 
annually about thirty thousaud tons of rubber, which 
is known as I'ARA (the name being derived from the 
city of Tara, from wliioh the bulk of it was originally 
exported). This rubber is derived from the Jlerea 
hraxiliemis, South Americ.a also produces other 
sorts of rubber, from the Cagtilloa rlastica, which 
is known as Cextral.s ; and fiom the Atlantic States 
of Brazil arc obtained grades of rubber kncjwn as 
Cear.v, rKRXAMRUCO, M.VNti ABEIKA. Africa comes 
next to South America as a rubber jiroduciug country, 
and thu bulk of tlie rubber produced is from tlic 
Laiulolphia, a vine or creeper. t>tber sorts arc 
obtained from tn-es and shrubs, the latter including 
a plant whos<! roots, glowing tu consideiuVJe distances 
uudergrf'und, jicld a ruhher of fair ^aluc. Other 
jtorrions of the wttrld produce •rubber also, but Africa 
and South America are the priiu'ii>al sources. At 
the present lime vigorous efforts are being made 
to cultivate rublxT trees in f'etlon, India, Sti.iits 
Scttle.meuts, Mexico, etc., and with great success. 

The laicje as it i.ssaes front the tree re'.enihlc.scream. 
The natixes coagulate the rubber by different 
methods, the best known being the smoking process. 
The .semi-liquid rubber is collecttsl in a pan, and a 
broad stick thrust into it. A coating of the tliick 
liquid covers this “ patltlle," which is then withdrawn 
ami rexolved over a smoky open lire until evaporation i 
of the water conlcnt.s of tlie latex takes jdace. As 
soon as one film is dry the procc.s.s is repeated until 
the rubber iorms a solid btill of consider.abl** size. 
The be.sr method, however, is (hat in i;se on cultivated 
jtlant.ilions of rubber trees, and consi.sts of washing 
tlic rubber, after it ha.s coagulated, jircssing into 
s’lccts, and drying thoroughly before sending it away. 

Tt is necessary to undcrstaml the history of the 
rubber industry in order to appreciate the difficulties 
and peculiarities of the traiie. The first indication 
in literature of rubber occurs in a Spanish history 
of the Indies, published in lo8G, in wliich a game 
of ball is mentioned, the ball being made of a 
different substance than “that used by Christians.” 

A Jesuit pric.st later describes this ball as of solid 
matter, but extremely porous and light, and notes 
its properties of rebounding from the ground to 
a muoli greater height than the ball in use in ^ 
Europe. About 1600 another Spanish author com¬ 
ments on this ball ns being made from a “gum,” 
the product of a tree which, when the bark is 
cut, yields a milk. In 1615 still another iSpanish 
author mentions the use of these balls, and calls 
the tree that famishes the gum “the tree of Ule.” 
Ho states also that the conquering Spaniards coated 
their hempen cloaks with this “milk”; but while 


the cloaks were thus rendered watcrproof,-.Ugh£ahd 
heat soon desf^royed the coating. A little before thia. 
a few samples of this elastic gum were recited in 
Europe, bnt so rare were these that they sold ftt 
a guinea an ounce. Nothing more is recorded for 
over a century. In 1730 the exact form of the earth 
was one of the interesting topics of the day, and. 
the Baris Academy sent out two expeditions, one 
of which was under the direction of an eminent 
naturalist named Lacondamine. In 1736 this scientist 
sent to the Baris Ax'^ademy a resinous mass, of a 
blackish colour, which he calls by the native name 
of “cahuchu,” afterwards spelled “caoutchouc.”' 

The attention of other botanists and explorers was 
attracted to this peculiar product, and search for 
it was made in other jiarts of the world, with the 
result that “ gums ” or “ resins ’’ with similar proper¬ 
ties were found in Guiana, Brinco of Wales Island, 
Assam, and Madagascar. 

So much for the di,';covcry of the crude material. 
Meantime various scientists were experimenting in 
order to discover some method of employing it in 
the manufacture of articles for which its properties 
were obviously suitable. In 1768 it was known that 
pure ether, spirits of turpentine, and a substance 
known as “ KippeBB animal oil ” would soften -and 
tlissnlve, to .a greater or less extent, this elastic gum. 
Ktlier was, of course, too cx|K!n.Bivc for commercial 
pnrfJ 0 .se..«, and the commercial spirits of turpentine 
varied very greatly at this time and for longafter- 
ward.s. Dippcl's animal oil was a thick, viscid, 
brown oil with an unpleasant smell, prepared by the 
destructive distillation of bones. By using one or 
the other of these solvent.s, however, small tubes 
and sucbhke were made in an experimental manner. 
J’ricslly, the well known English chemist, in 1770, 
was the first to call tlio attention of the world to at 
least one of the properties of caoutchouc, namely, 
its power of effacing pencil marks, and it was this 
use that gave caoutchouc its popular and noxv general 
name of iudianibber, i.e. a substance from India 
used as a rubber. By 1775 the use of rubber for 
this purpose was well c.-tablishctl, and small squares 
of it could be obtained at most stationers’ shops. 
Although many other chemists, both in this country 
and in France, were studying the subject, very littlo 
adxaiicc was made up to 1820. Indeed, all that was 
accomifiished was the discovery of a slightly better 
method of making articles out of the crude rubber. 
The “bottles” of rubber (as they were then called, 
owing to their shaiK") were out up into thin, narrow 
strips of the most convenient size. Those were 
immersed in ether for a short time until they became 
soft and swollen. The strips were then wraxrped 
around a shape or mandrel of suitable size, and a 
bandage twisted round so as to press the rubber 
together. As the ether evaporated the surfaces at the 
joins became amalgamated. In this way a number 
of articles were made which proved useful enough, 
but, of course, were clumsy and subject to many 
disatlvantages. They became tacky in hot, and 
cracked in cold weather, and the rubber quickly 
detcrioratetl. Many attempts were also made to 
waterproof cloth by means of solutions of rubber; 
but while some of these efforts doubtless proved 
successful for sxiecial purposes of limited scope, none 
proved of commercial importance. The pioneer in 
rubber who advanceil the industry most in England 


'The prommolstlon of “csoutohotic" hai given rise to mnoh ombarramnent as we]] as argument. There are at lesat six 
reoognlsed ]irosttnciati<ms uswl in the trade. 'Wehster statea tlxat the proper jiroDanciation is lu6-eh«6k. lliia is Itrohably 
the wotjtt rendoring. Two others only need be mentioned : tow-chook, and, to oui mind heet of all, aa tasembUng the native 
name, ea^t-thtu. 
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was Thomas Hancock. In 1820 he took out his fi»t 
patent in rubber, but finding that with the crude 
methods then in use it would 1)6 impossible ever 
to bring rubber into extended use, he set about 
investigating the subject. He discovered that if the 
rubber as imported was subjected to heavy pressure 
and friction, such as would take place by its repeated 
passage between rotatory cylinders, it became a 
homogeneous mass. The machine ho invented for 
this purpose was first called a Picklb, then Masti- 
OATOB, the latter being the name now in use. 
Bubber, however, in its natural or cleaned condition 
becomes sticky in hot weather and cracks in cold. 
Further experiments were required in order to dis¬ 
cover somo method of freeing it from these defects. 
The following is a brief list of the important 
discoveries: 

Watbbpboofing.—Macintosh in 1823 discovered 
that coal tar naphtha would dissolve rubber, and 
with this solution he coated fabric.s. The solvent 
evaporating left a thin film of rubber, thus render¬ 
ing it air and waterproof. I'his is now known as 
I'KOOWNG, and the garments as mackintoshes. 

Vulcanisation, (.’ubing.— Despite the progress 
being made in the use of rubber it had still the 
grave disadvantage of being influenced by change of 
temperatures. I'he di.scovery of a process for render¬ 
ing rubber indifferent even to extreme heat or cold 
was made independently by Charles Goodyear in 
America and Thomas Hancock in England. Vulcani¬ 
sation consists of the mechanical mixture of diy 
rubber with sulphur, and the cxpo.sure of the com¬ 
pound to heat (from 120“ to 13fi“ C. for varying 
lengths of time, from twenty minutes to three hours). 
The theory of vulcanisation as to whether a chemical 
change takes place or whetlier the action is catalytic 
i.s still in dispute. The effect of vulcanisation is to 
change the rubber from a plastic mass, which becomes 
sticky on boating and biittle on exposure to low tem¬ 
peratures, into a substance elastic, but not plastic, 
unaltered by moderate temperatures and mucii less 
liable to deteriorate by age. The Cold Cujib i.s 
another method of vulcanisation which is applied 
to tiiin articles, and consists of mixing chloride of 
sulphur in bisulphide of carbon and Dipping the 
rublier in the mixture. The effect produced is 
similar to vulcani.sation, hut only the eur/are of the 
article i» changed. See Vulcanising iNUBBDiEKTy, 
Fillers, and Substitutes, below. 

Ebonite, Habd Bcbber, Vulcanite.— Nelson 
Goodyear discovered that if rubber was mixed witli 
a very large percentage of sulphur and exposed 
to a high temperature for a considerable time, the 
result was a substance altogether different in pro¬ 
perties from rubber. This ebonite is akin to whale¬ 
bone in some of its projx;rtie.s, like ivory in others. 
Great modifications arc pas.sible, and depend upon 
the amount of sulphur and titc time the substances 
are subjected to heat. There is, tliercfore, no true 
dividing line between a soft rubber and a hard 
rubber, nor is it po.ssiblc to define a hard rubber. 
It may be made as flexible as wlialebonc or &s stiff 
and unyielding as ivory, and the gradations between 
are endless. 

Moulding. —Hancock in 1816 put into practice 
the system of moulding articles in mblier, an in¬ 
vention of the utmost utility. This method of 
manufacture consists in filling a mould or sha]ic 
witB the sulphur and rubber mixture, applying 
pressure to the parts of the mould and vulcanising. 
The resulting product reproduces in permanent form 
the most delicate chasings and decorations both in 


soft rubber and in ebonite, a good example of the 
latter being the fountain pens so common to-day. 

Thb Manupactubb of Bubbbb Abtioleb.—a 
brief outline of the methods used in manufacture 
will give the reader a better knowledge of the 
subject than further details. The crude rubber is 
first put through the Washing Mill. Tliis consists 
of two heavy fluted rollers revolving at different 
speeds. The rubber is formed into a thin corrugated 
sheet by its frequent passage between these rolls, 
and thoroughly washed by a stream of water jdaying 
upon it during the process. In this state it is taken 
to the Dbyino Book, where it is allowed to remain 
until every trace of moisture is removed. At the 
prescut time this slow method is done away with in 
some factories, and the rubber is put into a hot 
chamber or dried in votw. The dried sheets are 
then put through the Masticatob or Mill until it 
becomes a softened homogeneous mass. It is then 
put on to the Mixing Mill, where two rolls running 
at different speeds very quickly force into the rubber 
the sulphur and such other ingredients as may be 
thought best to add to the mixture. See Fillbbb, 
below. The mixed rubber is then put into moulds 
and vulcanised, or jmt through the Calendeb, which 
is simply another form of mixing mill, and is used to 
form the mixed rubber into sheets of the mo.st con¬ 
venient sixe and thickness for subsequent use. The 
calender is also employed when the mixed rubber is 
to be used with n fabric. Ik>th tlio fabric and rubber 
are passed through the rolls, and by means of great 
pressure the rubber is forced into the interstices of 
the fabric. Homo calenders have smooth rolls, others 
have decorative lines engraved upon them, etc. 

After the rnblK;r is got into the desired form it is 
vulcanised, that i.s, subjected to heat. The simplest 
form of vulcanise!' is that used in the manufacture of 
rubber stamps; this is simply a letter copying press, 
the bottom plato of which is hcatoti by a gas jet. 

Hollow Work. —^I'hia merits special reference 
becau-so of the almost universal use of articles iminu- 
faciured by this method, i.e. bulbs, balls, dolls, etc. 
From the .sheeted mixture of rubber and sulphur 
segments are stamped out of suitable size. These 
segments are fitted together in a mould, and a little 
carbonate of ammonia jdaced inside. The mould is 
then closed and put in the vuicani.ser. As soon 
as the heat reaches the carbonate of ammonia it 
volatilises into a gas, which forces the rubber {^.linst 
the sides of tlie mould into every crevice, and retains 
it there until it assume.s a permanent form. 

Cut Hheet Wobk. —Many articles of rubber are 
produced in a simple manner from sheets. Before 
vulcanisation the freshly cut edges of rnbl>cr have 
the property of great adhesiveness. In the forma¬ 
tion of articles from sheet, therefore, as soon as the 
sheet is cut into convenient size, the edges are put 
together and lightly pressed or tapfied, when they 
adhere, or a little solution is applied with the same 
result. 

VULOAKI8ING INGBEDIENTS, FILLER AND SUB¬ 
STITUTES. —While sulphur is the princii>al substance 
used to bring about the change In rubber known ns 
viilcanisation, there are other substances containing 
sulphur which bring about the same result. Ike two 
most used are golden sulphurct of antimony and 
sulphide of zinc. 

Fillers is the name, applied to a great number of 
substances mixed with rubber for various purposes, 
and as this portion of the subject is little understood, 
tliG following notes may show that mere adulteration, 
is not the pnncipal object aimed at. 
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The Elasticity of soft rubber ^ooda is often 
increased bj the addition of vermilion and slaked 
lime, or by admixture with asphaltom or colophony. 
The Bbsistamcb to I'BsssuBisis increased to a more 
or less degroe by the addition to the mixing of zinc 
oxide, calcined magnesia, asphaltum, or chalk. The 
Mechanical Sthenoth of soft rubber is improved 
by the addition of such mineral substances as 
magnesia, litharge, chalk, lime, zinc oxide, and in 
some cases by asphaltom, and, it is said, glycerine. 
The INBCLATINO Pbopebtibs of pure rubber are not 
so great as a mixture of rubber and paraffin wax, and 
the addition to rubber of zinc oxide, lime, magnesia, 
and white and brown substitutes in comparatively 
small quantities also improves its dielectric proper¬ 
ties. The Besibtancb to Acids is increased more 
or less by the addition of organic compounds. The 
Action ok Oils upon rubber is les.sened by the 
addition of litharge and zinc oxide to the mixing. 
Rubber by itself is not necessarily the best material 
for a particular purpose; in many cases it is the 
worst, or at least one of the worst. Tlie use of 
rubber is only the means to an end, and the whole 
art of manufacture is to arrive at the best means 
at the smallest expense. To illustrate the point 
take tiie case of rubber belting. Apart altogether 
from the expense of using pure rubber, it would be 
Inadvisable to do so, since the elasticity of pure 
rubber subjected to the constant strain of the pulleys 
would result in the separation of the rubber from 
the fabric. In consequence, the elasticity lias to 
be reduced and the mechanical strength increased. 
Now all inorganic (mineral) substances in a mixing 
reduce the elasticity of rubber, and, referring to the 
above, it will be seen that the addition of such 
mineral substances as zinc oxide, litharge, magnesia, 
etc., improves the mechanical strength of rubber. 
It is obvious, therefore, tliat in a belting the use of 
pure rubljcr would not only lie more expensive, but 
would be vastly less efficient than a mixing containing 
rubber plu.s something else. 

Substitutes for rubber are verj* numerous, but 
few have been succes.sful. The lat ter are, as a rule, 
made from oxidised oils or from oils that liave been 
treated with sulphur or chlorine. These are useful 
for certain purxxises when mixed with rublnir, because 
they lessen the cost while not interfering with the 
efficiency of the article. 

Reclaimed Rumbbu.— This is now used in great 
quantities, and alloris a perfectly safe method for 
the production of rubber goods at a moderate cost. 
Old rubber goods are collected and treated by one of 
several secret processes, which remove not only the 
dirt and fabric, but also a jortion of the sulphur 
used for its original vulcanisation. The rubber is 
ground into a fine powder, then sheeted, and sold in 
various grades, according to the class of material 
from which it was made. 

Rubbsb as Applied to Insulation. —In the 
electrical indnstiy lobhor is widely applied as an 
insulaiing materiah It is used either in the form of 
a thin plastic mam, which surrounds the wire, and is 
then vulcanised, or in the form of tape, either for 
direct insulation or for making joints. In the form 
of Vulcanite or Ebonite it is of even greater service 
in the shape of plates, tubes, rods, handles for 
switches, etc. In submarine cable work vulcanised 
rubber has been used with success, though for some 
reason its use in this direction has never become 
very great. In 1904 a discovery was made by which 
rubber could be so altered in character as to present 
and aotoally have most of the characteristios of 


gntta-percha. This invention consisted in the inti¬ 
mate mixture of rubber with a wax whose melifnjg 
point liad been artificially heightened. Reports npon 
this invention show that so far as it has b^n applied 
it fulfils its claims in a satisfactory manner. 

BabbeTByC!ondeiiMr(7l»i;ti/s jlTaaq/os.) The pairs 
of rubbers which have a transverse as well as a 
rotary motion, so that they both rub and carry the 
sliver of fibres from the stripping roller to the con¬ 
denser, causing the flat sliver to have the form of a 
soft, unspun thread. 

Robbing Board (Fmmdry'). A small board used 
for smoothing flat faces of sand in large moulds. 

Bnbblework iJBuild.) Masonry built of irregular- 
sizetl or broken stone. 

Rnbellite (Min.) A red or pink variety of Tour¬ 
maline (g.v.), used as a genk. See alto PBBCious 
Stones. This variety cornea chiefly from Siberia, 
Ceylon, and Ava. 

Rnbens’ Brovn (Paint.) An ochreous brown, 
somewhat lighter than Vandyke brown. It is now 
obsolete in this country. 

Robena’ Madder (Paint.) One of the madder 
lakes, rich in hue. Kow obsolete under this name. 
See La^bs. 

Buberythrio Acid (Cliem.) C,^TlgOj(OII) . O . 

The gluco.side of alizarin (q.v.) 
Yellow needles, soluble in hot water ; slightly soluble 
in alcohol; soluble in alkalis with red colour. 
Hydrolysed by dilate .sulphuric acid to alizarin and 
gluco.se. It is obtained from madder root by boiling 
with absolute alcohol. 

Rubioelle (Min.) An orange red variety of Bpinbl 
(q.v.), used as a gem. 

Rubidium (Chem.) Bb. Atomic weight, 83. A 
silvery white metal; melts at 38®; decomposes water 
like potassium, which it closely resembles. It may 
be obtained by beating the Ikvdroxido with mag¬ 
nesia lu. It occurs widely distributed, but in small 
quantity; it is found in Icpidolitcs, in camallite, in 
many mineral springs, in argol, tobacco ash, in beet¬ 
root. Its salts are quite similar to those of potassium, 
but the platinum double chloride is much less soluble 
in water than that of potassium, and this fact enables 
them to be separated. Rubidium gives a charac¬ 
teristic flame spectrum, two lines in the violet and 
two in the red being very characteristic. Rubidium 
bromide is occasionally used in medicine. 

Rubric. (1) A medimval manuscript or early 
printed book in which the initial letters were written 
or printetl in rod, or in which some portion of the 
text was written or printed in red to distinguish it. 
(2) The title of a statute, which was formerly written 
in red ink, (3) In prayer books, the directioiks for 
condneting the service, often printed in red; hen. c 
(4) An ecclesiastical injunction or rule. 

Rubricated Letters (Typog.) Initial or capital 
letters printed in rod ink. 

Rubus (Botany). An important genus of the order 
Rosaceie, including the Raspberry (li. idteus), Cloud¬ 
berry ( It. chamtemorut), Blackberry (It. fruHeoaut), 
Dewberry (It. caaiut). 

Rnby(ryi«y.) &<*Type. 

-, Almandiue (Min.) A violet variety of 

Spinel (q.v.), used as a gem. 

- , Balas (Min.) A rose red variety of Spinel 

(i.v,), used largely as a gem under the name Ruby. 
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Buby, Oriental (Min.) This is the true Kuby; 
it is a variety of COBUXOUM (£.v,) of a characteristic 
red colour, known as “ pigeon’s blood.” The chief 
localities for the tme Ruby are Biirmah, Ceylon, and 
China. iS-e <d»o I’recious Stokes. 

Baby Pin iw Roller Pin The impulse 

and unlocking pin of a lever escapement, acted upon 
by the fork of the lever, and fixed in tlie roller on 
the balance stafiE. &.-e Lbveh Escapement. 

Rnby Silver (Jf/w.) I’tb.\boykitb and 

PllOUSTITE. 

Rttdented (^Architect.) See Cabled Column. 

Ruhi^ (Mueic), The German equivalent to Cal- 
mato. Quiet, calm. 

RtthmkorfTs Coil An Induction Coil 

iq.r.) 

RulefATay., Carp,, etc.') The measuring instrument 
used in a great variety of trades. It is usually made 
of boxwood or of steel, and divided into inches and 
fractions of on inch. &-e Weights and Me vsurbs. 

- ( Typoff.') Strips or lengths of metal or w'ood 

of the same height as type and of different wiiltlis. 
The face or printing siirface may bo jilain or orna- 
incntal. Brass rule ranges from 12 to pica up to 
pica in thickness; zinc or wood rule usually from 
nonpareil upwards. 

Rule Border (.Typng.) Metal or other border 
lines to form a frame or line, round a page. 

Rule Cutter ( Typog.) A .small machine for cutting 
brass or other rule in required lengths. 

Ruling Gradient (Cieil Eng.') Sec Gradient. 

Rum. \ spirit obtaine I by di.otiiiation troiii 
the fermented skimniings of sugiir boilers or the 
drainings of sugar barrels. When first distilled it 
is colourless, but i.s afterward.' coloured with biinit 
sugar. The amount of alcohol present is from uO 
to 60 per cent. 

Rumble {fJng.^ A revolving cylinder, inside 
which small casting.s are sometimes jilared, in order 
tli.at the sand, etc., from the mould may be removed 
by their rubbing together 

Rnmford’s Photometer {Light'). See rnoro- 
metecs. 

Run {Bvild.^ etc.) A term applied to Lineal 
measurements, which are said to be made by the 
“ foot run,” etc. 

- {Eng., Carp., etc..) Tl>e deviation of a tool, 

c.g. a saw or drill, from its proper direction while in 
action. 

- {Mining). (1) The, direction of a vein. (2) 

The falling in of parts of a working. 

- {Printing). The number of impressions 

taken from a forme. 

- {Textile Mann/ac.) An American counts base 

for yams, being a length of l,60t> yards. A 1-run 
yam equals 1,600 yards to 1 lb. See COUNTS. 

Runner {Eoundry). The channel by which fluid 
metal runs into a mould. Cy. Gate. 

Runner Head {Moulding). The ma.ss of solidiffed 
metal filling the top of a runner (q.v.) These pieces 
of metal are usually broken off while still hot. 

Rnmier Pin or Stick {Foundry), A rod used for 
forming a runner {q.v.) in a mould; it serves as a 
pattern for the channel, and is withtlrawn in the 
nsual way after the sand has been rammed round it. ^ 


Runners {Typog.) Figures placed down the side 
of a page to indicate the position and number of a 
particular line. 

Running {Mu$ic). A defect in an organ which 
iillows a pipe or pipes to s|)eak when only one or two 
soft stops are drawn out. It is caused either by the 
upper boanl {»e.e ORGAN, p. 439) not being screwed 
down tight, or by the wind getting from oue channel 
to another. 

Running Centre Chuck {Eng.) A BniviNa 
Chuck {q.v.) 

Running Down (Met., etc.) Melting a qnantity of 
metal. 

Running Gate {Foundry.) A Runner {q.v.), as 
opi>osed to a UlSEU {q.v.) 

Run On {Typog.) See under Troof COBRECTION.S. 

Rupert’s Drop {(Jlast Mam/ae.) A small portion 
of mtuten glas.s, in the sliape of a tear, which has 
been dropp.'d into boiling water, thereby becoming 
case hardened. Khonld the end of the lear be 
broken or the surface cut, the entire mass will break 
up into small fragments. This shows the necessity 
for annealiug gla.s.'. 

Russia Leather. Originally a si^eciality of Russia, 
where it was made from the skins of young cattle, 
hut now made in many other countries besides and 
from various .'kins, c.g. sheep and goat .skins. After 
l)ci]ig tanned like other light leathers {nee Leather 
Manufa<’Tuue), it is tixsated on the llesli side with 
an oil distilled from birch bark and buds, which 
gives it the characteristic smell. Genuine Hussia 
leather is very durable and is extensively used in the 
more cxjjensivc styles of bookbinding. 

Rust {Chem. ) A name given to the product formed 
bv' tbe oxidation of iron under var)<<us conditions. 
If iron is strongly healed in air it forms a mixture 
of oxides varying in composition between Fe,<t, 
and Fef),, the latter being the richer in oxygen. 
Wlieii iron is exposed to air at ilic ordinary tempera¬ 
ture it slowly rusts; tills also is a proces.s of o.xida- 
tion, leading ultimately to ferric h3-droxide,Ko(01I).,; 
iron doc.s not rust in <iuito dry stir, but ordinary air 
contains water vapour sind carbonic acid, and these 
cause iron to rust in air. The action is facilitated 
by presence of .acids and retarded by alkalis. To 
prevent iron rusting it is galvanised—that is. coated 
with zinc ; or it is treated by Barff's jirocoss {q.v.) 

Rustication [Architect.) Ativ method of empha- 
.sisirig the joints in ma.sonrj-. This can be done either 
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by rebating, chamfering, or moulding the stones at the 
joints, or by several methods of working the face of the 
stones, such as vermicolating and luumer dressing. 
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Rn rtlnj . The surface of iron is sometimes coated 
with rust intentionallj, e.g. iron patterns are rusted 
and then varnished with shellac. 

Bait Joint {Eng.) A joint in iron piping made by 
filling up the gap with a mixture of iron turnings 
and sal ammqniao (ammonium chloride) ; this rusts 
into a hard, watertight mass. 

Battre (Her,") A pierced lozenge. The piercing 
is round and must not bo confused with the Mascle, 
which is a lozenge voided. Hee under Heraldby. 

Butheninm ( 6'/{cw.) lln. Atomic weight, 102. A 
rare metal occurring in small quantity along with 
Ijiatinnm. It is white, very difficultly fusible, in¬ 
soluble in acids, oxidisetl on heating in air. It forms 
chlorides, RuClj and RiiClj, and oxides, RuO, llUjOj, 
IluO„, and llu(\. KuO, is volatile. It also fornis 
ruthenates (red coloured) and perruthenates (green 
coloured), which resemble the manganates and per¬ 
manganates in their behaviour. 

Batherford’s Haxlmam and Minimum Ther¬ 
mometer (Heat). See Maximum and Miniml'.« 

XllEKMOMETEBS. 

Rutile (d/ia.) Oxide of Titanium, TiOj, Tit.anium 
= 61, oxygen *= ;i9 per cent. Tetragonal, often in 
acicular aggregates, sometimes radiating through 
Quartz crysials. Colour brown t(j black. Some¬ 
times in geniculate twins. Some localities are Cilen 
Finnart, Crianlarich, and Killin, in Scotland; Co. 
Donegal; Limoges; Castile; St. Oothard; Brazil; 
Brevig, in Norway ; Massachusetts, etc. 

Rybat (Huild.) A Scotch term for the stones 
(iiihand and outband) that form the reveal, recess, 
and jamb of an opening. 

Rye, Seeale cereaJe (onler, Graminetr). In com¬ 
position rye closely resembles wheat, its proteids 
forming, with the ai'Ulition of water, a kind of giutin. 
live bread in nutritive value falls little short of wheat, 
but it is somewhat hetivy, very acid, indigestible, and 
apt to cjjuso diarrluea. 

Rymer Huameb Oj.r.) 

S {(‘hem.') The symbol for Sulphur C'/.r.) 

Sable {Jfer.) Black. Tliis tincture i» represented 
by vertical and horizontal lines crossing. See 
H’eualdrv. 

Saccharic Acid (CTcot.) rOOn(CHOH)^COOir. 
A white deliquescent solid; soluble in water anil in 
alcohol; decomposes at IttO’; its solution is dextro¬ 
rotatory, and tlie rotation increases on standing. It 
readily forms a lactone— 

coon . CHOH . CII. (CIIOH),CO 

i_ 

which crystallises in leaves. The acid does not 
reduce Fuhling’s solution, but reduces warm am- 
moniacnl silver nitrate. Hydrochloric acid reduces 
it in ])art to adipic acid, COOH(CIJ..),COOH ; con- 
eentntted nitric acid oxidises it to oxalic and tartaric 
ai'ids. Its ammonium salt yields jiyri ole Cy.i'.) on dry' 
distillation. Saccharic acid is prepared by oxidising 
glucose or starch with nitric neitl of specific, gra’. ity 
1'15. The acid is isolated by making the acid 
potassium salt, which is sparingly soluble in w-ater, 
dccom{)Osing this with silver nitrate, and treating 
the latter with hydrochloric acid. 

BaechailmeteP. An apparatus for measuring the 
amount of rotation of the plane of polarisation pro- 
duccil by a solution of sugar or other optically active 
substance. See Polabisation. 


Bacohapimetry. The measurement of the amount 
of sugar in a given volume of solution by means of a 
Sacchabimetbb. See Polabisation. 

Baccharin ( Chem.') This name has been given to 
two totally different compounds: (1) The IIactoNB 
OF Bacchabiniu Acid—, 

CH, 

CH.pH. CH. CHOH. C. OH. 

I> -CO 

Tt is a solid which crystallises in shining prisms 
showing double refraction. It is obtained by ^ding 
fresh slaked lime to a boiling dilute solution of 
dextrose or Isevulose. The calcium is removed from 
the cooled and filtered solution by carbon dioxide 
and oxalic acid. On concentrating the filtrate from 
the calcium carbonate and oxalate, saccharin crystal- 
ILses out after some time. (2) The ANiitDBiDB OK 
Obthosulfhamioobexzoic Acid— 

/CO .. 

< >-N’n 

It is known by many names, e.g. sulphobenzoimidc, 
benzoyLsulphonamide, etc. It is usually met with in 
tlie form of a white jiowder, which really consists of 
vciy small ciystals; melts at 22^f ; sparingly soluble 
in cold water, much more soluble in hot water and in 
alcohol; soluble in acetone, from which it crystallises 
well. Saccliarin has an intensely sweet taste; esti¬ 
mates of its sweetness vary from 240 to 650 times 
that of cane sugar (according to the purity of the 
product and delicacy o£ the sense of taste in the 
ob.-en'er) ; hence it is now' much u.sed as a sweetening 
agent, bu.,, unlike sugar, it is not a food. Like other 
imides, it behaves as an acid, forming salts with 
alkalis whicli arc very .soluble in water and still 
retain the sweetness of saccharin itself; also it forms 
an ethyl dcriiative with ethyl iodide, which is tsiste- 
less, and an acetyl derivative with acetyl chloride, 
baccharin is priqiared from toluene by acting upon 
it with concentrated sulphuric acid at a temperature 
not exceeding 100°. 'llie mixture of ortho- and 
paratoJucnc sulphonic aciils is made into the sodium 
salts, and these are acted on hy phosphorus trichloride 
in a stream of chlorine. The phosphorus oxycliloridc 
produced is distilled off, aud on strongly cooling the 
remaining liquid much of the paratoluene sulphonic 
cldoride crystallises out. The still liquid portion is 
treated with dry ammonium carbomite wheu the 
amide is formed. The amide is oxidised by potas¬ 
sium permanganate solution, the liquid being always 
kept neutral by addition of alkali as required. The 
changes are summarised thus: 

CIL 



0 

cn. 

0 


SOXl"*^ 


COOH 


00 


I’repared in this way the product is contaminated 
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with 30 to 40 per cent, of parasulphamidobeneoic 
acid. To free it from this, advantage is taken of the 
fiict that the para>acid is almost insoluble in hot 
xjlene, while saccharin is easily soluble (patented 
process). Saccharin is also made by other pro¬ 
cesses, all protected. Owing to its extensive use 
as a sweetening agent in place of sugar, there is a 
heavy duty (twenty shillings per pound) on saccharin. 

Baeeharoae ( Ckem.') A name for Canb Suoak (q.v.) 

Baekbnt (Mutic). A musical instrument. (1) 
That mentioned in the Bible was a species of harp. 
(2) The old English bass trumpet, ha\ ing a slide like 
a trombone. 

Bacring Bell, Baacte Bell, Sanctaa Bell. In the 

Boman Catholic Church the small bell that is rung 
at the singing of the Sanetut and the £le\ation of 
the Host. 

Bacriaty (An?%iteet.) A room either in or ad¬ 
jacent to a church. It contains the vessels used 
in various ceremonies, and is used as a robing room 
by the priest. It is more generally known as the 
Vestht. 

Baddle (A’Ny.) (1) The support or bed on which 
a boiler rests. (2) The baseplate of various parts of 
machines, especially the baseplate of a Slide Best 
Iq.v.) 

- (Plumb.) The piece of lead over the rolls 

(q.v.) on a flat. 

Baddle Backed (Build.) A form of coping stone 
weathered (sloping) on the top towards both sides 
of a wall. 

Baddle Boiler (BuHd.) A form of boiler nsed for 
heating water in a house. The boiler is arched at 
the base, the arch serving as a conduit for the pro¬ 
ducts of combustion between the grate and the 
chimney. 

Baddle Cramp ( Carp, and Join.) A wooden cramp 
for wedging-up stairs. 

Baddle Flange (JUng.) A support curved so as to 
fit a cylindri(^ object which rests upon it, e.g. a 
large pipe. 

Baddle Key (Png.) A Key (j'.r.) whose lower 
surface is curved so as to rest on a shaft, iustcitd of 
being let into a recess or key way or lying on a flat 
illetl on the shaft. 

Baddle Tank (Eng .) A water tank fitting over 
the boiler of a locomotive, like a jmek saddle. 

Bafe (Plumb.) A lead tray laid nnder baths, 
closets, etc., to catch water that splashes over. 

Bale Edge (Eng.) An edge of a file which is left 
unprovided with teeth; it can be u‘cd in an angle 
or corner in order to act on one surface only. 

Bafe Load (Eng., etc.) The amount of load or 
force to which a structure or member of a structure 
can be subjected without risk. It should be so chosen 
that the stmins produced always lie well within the 
Elastic Limit (q.v.) of the nmterial. 

Bafety, Factor of (Eng., etc.) Bee Factob of 
Safety. 

Bafety Fuse, Cat Out, ete. (Elect. Eng.) A device 
by which a circuit is broken when the current in it 
rises above a certain value. A Fuse is the simplest 
form; it consists of a short wire or strip of tin or 
some fusible alloy, which melts if the current rises 
to a certain value. 

Bafety Ladle (Met., Foundry, ete.) A large 
foundry ladle, provided with gearing by which it 
can be tilted gradually without the risk of over- 
nrning. 


Bafety Lamp (Mining), A lamp designed to give 
light in gaseous workings without the danger of 
igniting inflammable mixtures of firedamp and air, 
'Ihe construction of the ordinary safety lamp is 
based upon the principle that although air can enter 
through the meshes of a wire gauze surrounding ihe 
flame, no flame can pass from the inside to the 
outside of the gauze, because the metallic wives 
conduct away the heat so quickly that the tempera¬ 
ture of the gases outside cannot rise to the point of 
ignition. Tiiero ore many types of safety lamps, 
but although they differ from each other in such 
details of constmetion as size, shape of glass and 
gauze, method of lighting and locking, arrangements 
for testing for gas, the wire gauze is retained in 
every type, no better means of preventing the com- 
mnnication of flame from the inside to the outside of 
the lamp having been discovered. A few electric 
lamps are in use, but these are nnsuitable for fiery 
mines, as it is necessary for a ^amp not only to bo 
safe in inflammable mixtures, but to give immediate 
indication of the pi*e8ence of gas in the workings. 
See MetUjIXE. 

Safety Lift (Eng., etc.) A lift or hoist provided 
with some means of preventing a sadden descent. 

Safety Plug (Eng.) A plug of fusible metal used 
in boilers, etc. It melts and allows the escape of 
steam if the U;mperaturc (and therefore the pressure) 
rise above a certain point. 

Bafety Yalve (Eng.) A valve in a boiler which 
opens and allows the escape of steam when tlm pres¬ 
sure exceeds a certain value. The valve is kept closed 
either by springs or by properly adjusted weights. 
The weights may act directly (as in the Cowburn 
valve) or may be attached to a lever, in winch cslsc 
' tho force exerted on the valve is adjustable within 
, certain limits. See Steam E>'tilNE. 

j Bafflower (Botany). The compressed flowers of 
! Carthamne ti/utorim (order, Vomjfotiitr) —a plant 
j cultivated in the south of Europe, Egyjit, etc—are 
; used as a yellow and red dye for silk. When pow- 
‘ dcre<l they are tho source of one kind of rouge (q.v.) 

I Baffraninet ( Clusm.) A class of dyes the simjdest 
member of which is PAc«e»fl^m»iae(diamidopbeuyl- 
1 pbenazonium chloride)— 

(2)/^\ (2) 

(4)H.,K.(1.H,<' >C.H, 

(ir ^(1) 

CP \c3i,NH,(4) 

which forms green leaflets or steel blue needles, 
according as it is crystallised from dilute hydro¬ 
chloric acid or water. Its solution is red, and the 
alcoholic solution shows yellow-red fluoresoence; 
with a large excess of hydrochloric acid it is blue 
(diacid salt); with concentrated sulphuric acid the 
solution is green (triacid salt). It dyes cotton, 
mordanted with tannin and tartar emetic, red; on 
silk it gives a rose colour. On reduction with 
stannous chloride it yields the Icuco-cmmpound; 
on exactly precipitating the sulphate with baiyta 
water it yields ihe colour base which has the same 
colour as its monacid salts (red). Phenosafiraoine 
is obtained by oxidation in neutral solution with 
potassium diebromate, of (1) a mixture of para- 
phehylenediamine and aniUne in the proportion o£ 
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one molecule of the fomer to two of the latter; (2) 
a mixture of dipaia>amido<liphen 7 lamine and aniline 
in molecular proportions. An indamine iq.v.) is an 
intermediate product. Ordinary saffranine is a 
mixture of pbenotolusaffranine and tolnsiUffranine, 
and is obtained by oxidation of a mixture of aniline, 
orthotolnidine, and paratoluylenediamine— 

CH, 

It is a retbbrown powder. Its properties are very 
similar to those of pbeuosaifranine. A 0*1 per cent, 
solution in presence of caustic potash forms a delicate 
and reliable test for sugar (dextrose) in urine; the 
dextrose turns it yellow on warming. 

Baffipoa {Botany'), The dried stigmas of the 
flowers of Vroevs mtivus (order, Iridaena) yield the 
Haffdon of commerce. It was once used as an 
orange dye, but is now chiefly employed as a flavour- 
iug agent. 

C.ClI,.Cn:CH, 

Bafrohu (1) Safrol, 

CO 



(Allylpyrocatcchol methylene ether). A colourless 
liquid; melts at b®; boils at 232°; the smell of 
essential oil of sassafras is due to safrol, which 
forms about 0<) jMjr cent. Of this oil. It is largely 
used in perfuming cheap soaps. It occairs in oil of 
sassafras, oil of camphor, and in the oil from Iliclnm, 
Teligwuum, From the first of these oils it is easily 
obtained by fractional distillation and freezing of 
the fractions; oil of camphor also furnishes large 
amounts of safrol. When heated with alcoholic 
potash it is converted into 

C.0H:CIl.Cir, 


(2) I80SAFR0L, 



(Propenylpyrocatccholinetliylenc ether), A colour¬ 
less liquid ; boils at 2-li>®; smells like safrol, but 
weaker. It is made from safrol, as mentioned 
above. On oxidation with potassium dichromato 
and sulphuric acid, it gives pipcronul and acctalde- 
hyde. See PiPBROiiAi.. 

Bag {Eug., etc.) A bending downward, produced 
in a member of a structure either by its own weight 
or by the load whw-h it carries. tSrr Deflection. 

Bagger ( 3Iet.) A oast iron box or crucible in which 
castings arc packed for annealing in the preparation 
of malleable cast ings. 

- {Pot.) Sue Beooab. 

Sago {Botany). The starchy matter obtained 
from the pith of the 8A60 Palm {Mitrnrylon gagu ; 
order, Pahuee), a native of the Fast Indies. It is 
prepared by crashing and repeated washings. 

Baguia {Archteol.) The clonk of the Homan 
soldier, consisting of an oblong piece of coarse clotli 
fastened on the left shoulder. ('/. Chlamvs and 
Toga. 

8(dnt Beea’ Sandstones. See Huiloino Ktonrs. 

Baint Elnio*s Fire {Meteorvl.) An electrical dis¬ 
charge resembling the brush disclmrge of electrical 
macLinei), seen at the tops of trees, spires, masts, 
and other pointed objects during thunderstortus. 


Salade (Am.) An open form of helmet or head- 
piece, sometimes provided with a movable visor; 
worn in the fifteenth century and after. It succeeded 
the bascinet {q.v.) See alto Abvottb and Mostoir. 

Bal Alembroth {Chem.) See Ktactmr Com- 
Pounds. 

Salamander {Met.) The mass of hard slag which 
remains on the hearth of a furnace when the fires 
are drawn. 

Sal Ammonlae (£%sm.) Ammonium chloride. See 
Ammonium Compounds. 


- {Min.) Ammonium chloride,NH.Cl; cubic; 

occurring in minute octahedrons or as an eSioresoence. 
White or yellowish. Very soluble in water. It is 
found rarely in relation to some coal and shale beds, 
as at Ilurlct, near l^aisley; more often in volcanic 
regions, as at Vesuvius, Etna, and Btromboli. 


BalcionaJ, Salieet, or Salicional {Mutle), An 
organ stop of soft tone and reedy quality, and having 
a very small scale. It is very similar to the dukiana. 


Balieaeea {Botany). A dicotyledon order, in¬ 
cluding the Willows and Poplars. 

0C.H„0» 

Balicin (C7«!m.) 

^ClkOII 

A glucosidc. It forms small shiuing trimetric 
crystals; mclt.s at 18h°; soluble in water (1 in 23) 
and in alcohol; bitter taste ; Isevorotatoiy. U.sed in 
medicine as a stomachic and in rheumatism. On 
gentle oxidation by nitric acid it yields the aldehyde 


helicin— 


c,n, 




OC6ll„Oj 

Clio 


Hydrolysed by ptyulin, emulsin, and dilute acids to 
glucose and saligenin, the latter resinising when 
acids ai'c used. It occurs in the bark of miiuy 
varieties of willow aud poplar. It is obtained from 
willow balk by boiling with water, filtering, and con¬ 
centrating ti-c filtrate, which is tben digested for 
twenty-four hours with oxide of lead j on filteting and 
evaporating to a syrup, the saliciu crystallises out. 


Salicylic Acid, 


C.OH 

hcf^c.cooh 


HCl 


U 

CH 


cn 


(Orthohydroxylienzoic acid). White small needles 
usually, or long needles or prisms; melts at 156°; 
slightly soluble in water (I part in 444 at 15°); 
much more siiluble in hot water; soluble in alcohol, 
ether, and chloroform; taste sweet first, acid to 
burning afterwards. Powerful autiscptic, and there¬ 
fore latgcly used as a food preservative, esiiocially 
in jams, which practically always contain it (1 in 
.3,5U0 and mure); aho used in medicine, both as an 
ointment and as a specific in rheumatic fever. (The 
sodium salt, which is much more soluble in water 
than the acid, is much used.) The artificial acid is 
liable to contain paraliy'droxybenzoic achl and tho 
methyl liomologues of salicylic acid, of which ortho- 
cresotio acid, C^If,. t'H,. Oil. C700II. (1 ; 2 ; 3), is 
certainly poisonous; but by using puie phenol and 
properly regulating the tempeiature the artificial 
acid can be obtained pure. Salicylic acid distils in 
steam; ferric chloride gives a violet colour to its 
solution. When heated alone it gives some salol 
{q.v.) and xantbone {q.v .); heated with soda lime, 
it gives phenol. On reduction with sodium 
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and aiuyl alcohol it pLves normal pimelic acid, 
€0011. (CII,)jCOOH. \Vith caustic potash or soda 
it forms two scries of salts, e.g. 


CsH, 


^on 

\C00K 


and C 5 II 4 


yOK 

\COOK 


the latter, formed by usin^ excess of the alkali, 
being decomposed by carbonic acid into the former. 
Salicylic acid occurs in the form of its methyl ester 
in oil of wintergri'een and oil of sweet birch {Betula 
lento)’, both oils contain about 99 jier cent, of the 
ester. It is prepared from these by hydrolysis with 
caustic soda— 



OH /OH 

+ NaOn=CsTT,< +CIIjOII. 

OOOCH, \COOXa 


The methyl alcohol is di.stilled over; the residual 
liquid is diluted, filtered, and acidified with hydro¬ 
chloric acid, when the salicylic acid crystnllise.s out. 
It is purificcl by reorystallisation. The artificial acid 
is prepared from sodium phenalt'; jdicnol is disst>lvu<l 
in onuitic soda, and the solution evaporated to dryness 
with constant stirring: 

CjHsOII + Naon = r^ljONa + 11,0. 

SiKlintii Plititmte. 

The dry sodium phenate i.s heated in a stream of 
carbon dioxide at ISO to 200“ when phenol tublimcs 
and disodium salicylate remains: 

/ OX a 

2C,HjOXa + CO,=C,;n, ^ + 0,11^011. 

\ COONa 


The acid is liberated from its disodium salt byh>dro- 
chloric acid. If potassium phenate is used instead 
of sodium phenate. a mixture of tlm dipotansium 
salts of ortholiydroxy- and ]>rirahydr().\ybenzoic acids 
is obtained at* 150“ ; at 220’’only dip(,ilassiimi j-.ara- 
hydroxybenzoate is formed. Another metlajd is to 
heat the sodium phenate at 120’ to 130“ with carbon 
dioxitle under pressure, wlien the sodium jiLent I 
caibonatc first formed is converted by a molecular 
rearrangement into sodium .salicylate; 

ONa 

C„IhOXa + CO,=CO. 

- \or,H, 

/OXa /on 

co/ 

\ocyi, \COOXa 

from which the aui<l is obtained as above. Salicylic 
aoi'l <-an b<.' obtained in many otljcr ways, from 
anlhraiiilic acid (f/.r.) by tlic diazo-jcaction (q.r.)‘, 
by a modification of lleimer’s reaction (y.?*.) 


Salicylic Acid in Foods ( Footh). Salicylic acid is 
frequently .added to milk anil other articles of food as a 
pieservative. According to a report of a Depaitmontal 
Committee of the Local Government Hoard in 15*01, 
salicylic acid .should not be used in largrr projjortion 
than one gniin in a pint or iwund of food. 

/OH 

Salicylic Aldehyde {Cheai.) fyi,/ ^ (l:2y. 

A pleasant smelling, colourless liquid; boils at 190° > 
soluble in water; ferric chloride colours its solution 
violet; distils in steam. It is used in perfumery, 
and a.s a Havouring agent for liqneui.s. It i.s easily 
oxidised to salicylic iu;id, and reduced to saligenin. 
Does not reduce Fehling’s solution. It occurs in oil 
of meadowswei t. Salicj lie .aldehyde is obtaindl by 
distilling a mixture u£ salicin, pot^s.sium diebromate, 


and very dilute sulphuric acid, and extracting the 
distillate with ether. It is also obtained by Ueimer's 
reaction (q.v.) 

Salient {Her.) A beast in the act of springing. 
See Lion 8alibnt. 

Salient Angle. An external angle, one in which 
the apex points outward. 

Salient Pole {Elect. Eng.) When the poles of a 
dynamo project inward towards the anmatun*, from 
a closed ring of iron, and are (‘aoii magnetised by 
one coil only, they are tennod Salient Poles, as 
di.stingiii.slicd from Consequent Poles (/.».) See 
Dynamo, Fig. 1. 

/on 

Saligenin (f'/tm.) C’ll,/ (1:2). 

The alcohol corresponding to salicylic arid. It is 
a white crystalline solid; melts at S2°; soluble in 
water, alcohol, ether. It is formed by the hydro¬ 
lysis of salicin {q.v.)‘, also by condensing jd enol 
with cither metJiylene clilorhle, CILCl^, or formalde¬ 
hyde with caustic soda. Ferric chloride gives a blue 
colour with saligenin. 

Balinometer {Eng.) An instrument for ascertain, 
ing the amount of dis.solvcil .salt in the water used in 
ship.s’ boilers, etc. The .salt incrcu.scs the density 
.and rai.-es the boiling point of the water. If eitlier 
of those quantities be determined, the amount of 
salt can bo found from table.s; or the amounts cor- 
re.spondiug to givr'ji densities or given boiling puint.s 
I may be markcil on the instrument. 

I Saliva {Zool.) The fluirt .secreted by the salivary 
I glands. It con.sists of water containing mucin, 
i iityaliu (a ferment acting on starch), and small 
quantities of varu.u.s .salt'-. It i.-' the firs* of the 
' various lluicls which act upon food in the processes 
' of digestion. 

I Salle {Paper Haunfae.) A room devoted to sorting 
; and ^lacking sheets of paper. 

I /QIT 

Balol (^'//m.) t'„n,. (I’henyl sali- 

^ cylalc). 

A wliite crystalline solid wiiii faint aromatic smell; 
melts at -13’; Ixiils at 172 ' under 12 mm. pressure of 
mercury; in.soluble in water; soluble in alcohol; 
very .soluble in etlver and chloroform. It is u.scil ia 
medicine a.s an .antiseptic and in rheumatism, i're- 
' pared tiy lieating salic>lic acid alone at 220° or by 
j tlie action of phosphorus oxycaloridc o.i a mixture 
of salicylic acid and phenol. Heated alone, it gi\es 
xanthone. Saponified by boiling caustic soda. 

Salon {Art). One of the two .annual exliibitions 
of works by living arti-sts in Paris. One is ludil at 
the Palais of the Champs Elj.sec.s, tl;c other at the 
Salon of t he t.'hainps do Mars. 

Salopian {Geol.) The middle division of the 
' SiLUBlAN llucKS. It comprises all the strata from 
the top of the I.owcr Luillow t.i that of the 
T.arannon Shales. In the T.ake District and in 
t‘'Onthein Scotland the rocks of S.alopian age attain 
to a thickno.-.a of many thousiind feet. Tlie rocks 
aliovc the Salopians are now closscil as Down- 
TONIAN and th.e remainder of the Silurian ICocks 
below as Valentian. Thi.s classification i.s based 
njion the evitlencc afforded by the included organic 
remain.-. 

Sal Prunella {Chem.) Potassium nitrate {tcc 
PoT.\.ssiisi CoMiHWNDSI which has been melted 
and cast into bulls or sticks. 
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Salt, in the form of rock salt, oocnrs 
under a oonBiderablc variety of geological oon- 
ditions; but the deposits best known on account of 
their economic importance occur in connection with 
stratified rocks, wliich npi>oar, in most cases, to have 
been formed under arid, or even desert, conditions. 
In some few ‘cases deposits of rock salt may be due 
to (1) the desiccation of bodies of sea water which 
have dried up alter having been cut ofiE from the 
ojjen sea; or (2) to the drying up of large shallow 
slmets of sen water which have evaporated under such 
geograpliical conditions as now occur in the Runn of 
t'utch. But the majority appear to have originateil 
in inland lakes. The genesis of the salt in each a 
case as this last may be somewhat as follows: 
During storms large quantities of sea spray arc 
driven far inland by the winds, and their dissolved 
salts are eventually left, for a time, in the atmosphere 
in the form of dust. Upon these solid particles con* 
densation of some of the aqueous vapour jiresent in 
the atmospljere occurs, so that the sea salt (amongst 
other snVjstanccs) forms the nuclei of drops of rain, 
flakes of snow, particles of fog, etc. Descending to 
the Earth, this mixture of sea salts and water flows 
down hill and seaward, and is usually returned to the 
ocean, to await the commencement of another c^'cle 
of change. But in tlic areas of inland drainage, such 
«is the Dead Sea, tlic Salt 1.akc, the Caspian, and the 
inland lakes of Central Asia, the water is dissipated 
by evaporation, and returns to the clouds, leaving the 
dissolved eonstitnents behind. In time these may 
nceumulato into tliiek beds, which may eventually 
be eoveied by desert sands, and so be preserved for 
a time from waste. Salt depo.sits found in this way 
(or in others) occur on various geological horizons. 
In I’uitam they are confined to the Bunter Marls, as 
at Middlcsboro’, or to the Keuiier Marls, as in 
Clieshire, both horizons belonging to tlie UpjaT 
New Reel or Trias. See SomuM CULOBIDK under 
Sonii.'.w CoMrui'Nns. 

- (Afin.) See Rock Salt. 

- , Formation of ( ^eol.) The primary .'ourcc 

of lock salt may be any one of flve. (1) The salt 
niay be simjily washed out of some older rocks in 
wbii'h it occurred, and I'C subsequently re-deposited. 
(2) It may arise through the ihcmical combination of 
clilorine, through tlie me<liuni of hydroebloiie acid, 
with other sodium compounds. (3) It may be con¬ 
centrated from the efflorescences given off by many 
active voleanoe.s, which boil off tlie IhO from sea 
water, and use up most of the residues in making 
eruptive rocks. (J) It may be due to the evajioialion 
of shallow basins f f sea water in areas permanently, 
or periodically, out off from the ojien sea; or (,'>1 it 
may be of cyclic, origin, as follows: Tlie aqueous 
vnjHmr present in tlie atmosphere undergoes con¬ 
densation only upon (a) some few vapours, (f*) solid 
panicles of one kind or another. Amongst tliose 
wliieh arc most potent in tliis connecti m, particles 
of salt laiik foremost. This salt dust, which is widely 
present in the lower strata of the atmosjiliere, is due 
to the action of the wind upon sea water, vvliich it 
lashes into spray and drives far inland. Upon those 
salt dust particles much <'f the rain and snow that 
reach the Eartli has been condensed. Flowing 
downhill and seawards, the water, with its minute 
charge of salt, finds its way into rivers, and thence, 
in usual course, back to the sea, where tho cycle is 
ro-conimeiiced. But in the case of the areas of 
inland drain.age, which occupy some 1I,48G,;;50 
square miles, or nearly one-fifth of the total surface 


of the land, t/te water does not return, to the sea, but 
is dissipated by evaporation, so tliat, however minute 
the quantity of dissolved matter it contained, in time 
the amount begins to tell, and in course of ages 
thick dc|Josits arc formed. It is mainly from such 
deposits that our chief supplies are drawn. 

Saltando {Musie). Jumping. 

Salt Cake Process. See .Vlkali. 

Saltintf (^Eng.) The deposition of salt in the 
boilers of ships. It is not injurious so long as tho 
amount is small. 

Baltiro {Her.") Formed by a bend and bend 
sinister crossing each other. St. Andrew’s Cross is a 
saltire. See IIehaldby. 

Balt Lakes {Oeol.) The majority of recent salt 
lakes occur within areas in which the rainfall of the 
hydrographical basin in which they occur is exactly 
balanced by evaporation. The Dead Sea, the Salt 
Bake, and the lakes of Central Asia arc cases in point. 
In all of these the saltncss is due to the continued 
accumulation of saline matters, derived in the first 
instance from sea spray, which has boon carried 
down in rain water, and which, instead of being 
rcturnoij to the sea, as is usually the case under other 
geographical conditions, is left behind w'hcn the water 
evaporates. 

Salt of Soroel ( Chem.) Same as Salts of Lemon 
(j.i'.) See also under Oxalic Acid. 

Saltpetre ( Cfiem.) A common name for potassium 
nitrate. I’otassium Compoujids. 

- {Mm.') See NiTBB. 

Balts {them.) Comiwunds derived from acids by 
the replacement of the whole or a part of the acid 
hydrogen by metals, or by groups of elements which 
act as metuls. Examples: 

Hydrochloric acid, 11 Cl. .Sodium chloride, NaCl. 

Ammonium chloride, XII, .Cl. 
.Sulpiiuric acid, n„SO^ . Sodium Sulpiiate, Na,jSO, 

Sodium liydrogeu sulphate, 
NallSO,. 

Acetic acid, CII^COOII. Lead acetate (CH.COOy’b. 

Ethyl acetate, CHjCOOCjUj. 
Salts derived from hydrochloric acid and tho other 
halogen acids aro called lialoid salts. See Haloid 
SALTS. Salts like ethyl acetate, derived from an 
oriranic acid and an alcohol, or from an alcohol and 
an inorganic acid, arc callcil ethereal salts or esters. 
Si‘e Kstebs. When the wliole of the acid hydrogen 
is replaced by metal, the salt is called a Nobhal 
Salt. When tlic whole of the aciil hydrogen is not 
replaced by metal, the salt is called an Acid Salt. 
All acid salt may be regarded also as a compound 
formoil by the union of tv normal .salt with tlie corre¬ 
sponding acid; in some cases tliis appears to bo 
tho only way of regarding them, e.g. potassium 
quadruxalate,' Knt'.,0 . H,C.,0,2IL.O. Calcium acid 
caibonate, Ca(’0.,nx'(v Wlicn au acid is added to 
an excess of a base ti ero are often formed in tho 
casj of weak bases BASIC Salts ; these may be 
regarded as compounds of the normal salt with the 
basic oxide, or as compounds dcrivetl from tho basic 
liydroxide bj' replacement of part of the hydroxyl 
hydrogen by tho acid radical; e.g. 

Basic bismuth chloride, EijO,Clj » Bi^O^. BiCl,. 

Basic lead acetate, BbO . l‘b(CjH,Oj)... H,0, 

may .also be regarded as Pb qqq qjj 

Very frequently two salts combine together to form 
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& complex salt, -which is calletl a DoUBliB SALT. 
For example, if solutions of ferrous sulphate and 
ammonium sulphate arc mixed together in molecular 
proportions, the compound ferrous ammonium suU 
phate, (NH^)j 804 • . 61^0, crystallises out on 

concentrating the solution. This salt shows all the 
reactions of an ammonium salt, a ferrous salt, and a 
sulphate. But there is another kind of double salt 
formed in a similar way which does not show all the 
reactions of all the metals and acid which compose 
it; thus when sodium chloride solution is inixe<l 
with platinic cliloride solution, a double salt is 
formed which does not show tbc ordinary reactions 
of platinum and a chloride, and on electrolysis only 
the sodium travels to the kathode. Double salts of 
this kind are now usually regarded as derived from 
complex acids. The salt just mentioned i-s regarded 
as derived from cliloroplatinic acid, by 

replacement of the hydrogen by sodium, "The term 
Neutbal Salt was formerly much used, and is still 
met with sometimes, as synonymous witii normal | 
salt; but it is best not used or only used when i 
speaking of a salt which has a neutral action j 
towards litmus. With n’gard to the action of salts ! 
on litmus, it is useful to bear in mind that salts of j 
weak bases with strong acids turn blue litmus red, i 
e.ff. ferric chloride, lead nitrate; salts of strong bases 
with weak acids turn red litmus blue, e.ff. sodinm 1 
tarbonate, sodium borate; salts of strong b:iscs | 
and strong acids are neutral to litmus, e.ff, sodium | 
chloride, potassium nitrate. See SoLUTloifS. j 

Salts in Food (Foodn'). C'idoridc of sodium | 
(common salt), phosphates of lime, soda, potash, and j 
magnesium are essential for the repair and growth I 
of the body. Lime is retjniied for bone formation, 1 
potash for nutrition of formed tissues. Iron is i 
necessary for the formation of the red blood 1 
corpuscles. The absence of ordinary salt from food 
leads to disease and sometimes death. j 

Balts of Lemon (Chem.) rotassium add oxalate j 
or potassium quadroxalatc— 

KHCjOj or KHC’A. n,C, 042 H, 0 . i 

Tt is used for removing ink stains and iron stains ' 
from linen. Poisonous. ! 

Balt Water. In engineering phraseology this ! 
u.^'iially means Bea Water 

Sal Tolatilo (Chem.) A common name for am¬ 
monium carbonate. See Ammonium Compounds. 

Bamara (/h/ta»y). A dry, usually one-sceded fruit i 
furnished with a jjrojecting wing. The wing may 
1)6 terminal, as in the White Ash, or it may surround ! 
the fruit, os in the Birch. Also called Key Fkcit. j 

Samarium (C'A^wr.), Sm. Atomic weight, 141>. 

A rare element occurring in sainarskite an<l thorite. ; 
It is characterised by its spark spectrum and by 
the absorption spectra of its salt solutions. Oxide, 
very faint yellowpowder; chloride, SmCl^filljO; 
topaz coIoure<l deliquescent ciystals. 

Bamian Ware (^Pottery). The name given to an 
ancient kind of pottery, cither black or rc«l in colour, 
kighly glazed, and with ornament in relief. It has a 
wide distribution. 

Samovar. An urn, usually of copper, used in 
Ilu.ssia for boiling water for making lea. It is 
generally heated by a charcoal fire. 

Samplo. A smidt portion of material from wliicb 
the quality is to be judged. 


BampliiiM {Atmyiing, Met^ ete.) The selection of 
a portion of ore for analysis or assaying, such that 
its com|waition accurately represents the average 
composition of the wbde quantity under con¬ 
sideration. 

Saacte Bell, SaBctaa Bell. See Saobikg Bell. 

Sand (_6eol.') The term sand is applied indif- 
fercntly to any finely comminuted mineral matter 
which has been formed by natural agencies, with the 
exception perhaps of the dost ejected from volcanoes. 
Tims there is shell sand, formed of broken shells ; 
coral sand, of broken corals; volcanic sand, arising 
from brokcu-down volcanic rocks; and so on. But 
sand is usually understood to mean fine grained 
fragmentitry mineral m.itter chiefly composed of 
quartz grains. In all cases sand of this description 
i.s of terrigenous origin, i.e. it has been derived in 
the first instance from the rocks of the land. The 
primary source of quartz sand is either the quartz of 
granites or the broken-down material of vein quartz. 
In no case do flints constitute tho parent rock of sand 
of any kind. Quartz is lil)enited from granite usually 
liy tlje chemical decomposition of the rock, started 
in the first instance by solutions of tho humus acids, 
which in their turn arc due to the action of bacteria 
ufK)n dead organic matter. Quartz so liberated 
l)ecoincs reduced in size by various meubanical 
agencies, and is sorted out cither by running water 
or by tlie action of the wind, so that grains of fairly 
uniform size become a'-sociated together. When 
sand gntins are undergoing rednetion by tiie notion 
of running water, tho icdnetiou in the size of the 
grains proceeds at a slower rate with the smaller 
grains tiian with the larger, while the rounding by 
attrition does not, in lhi.s case, go on wiicn tiio sand 
grains have reached dimensions such thiit the surface 
tension between tiie grain of sand and the water in 
contact with it i.alanccs tlic gravitational force. 
When a grain of sand is being worn down, its surface 
area does not lessen a.s fast as its weight does, but 
becomes proportionally larger, so that with each 
hairing of the diameter of, siiy, a sphere, the ratio of 
its surface area to its weight is doubled. Tims after 
a certain stage of reduction is past, sand grains mo 
buoyed up by nlo^iug water, and little or no further 
attrition of the siind grain is possible. Ilcnce sea 
sand and river .^nnd comsist of qmirtz grains which 
arc oil her angular or subangular, and are rarely or 
never round, unless they have been ilerived from a 
rock wliich has been formed under tbo conditions 
referred to below. But a very large proportion of 
tbe sand on the face of tho globe Ims been formed 
subaerially. In desert regions, where a very high 
diurnal range of temperature occurs in consequence 
tf the absence of moisture in tbo air, such rocks as 
granite break up under the heavy strain occasioned 
by the.se rapid changes of temperature. The quartz, 
among otlier substances, is set free by this disin¬ 
tegration, becomes further reduced in size as time 
goes on, and then begins to undergo transport solely 
by the action of the wind. This agent bowls tire 
grains of sand against ea<'h other through very long 
])criod8 of time, with tlie result that the sand grains 
finally assume a spiicrical, or, at least, spheroidal 
shai>e. No in de.'-crt sands, recent or fossil, a large 
proportion of the sand grains are rounded, instead of 
being angular, tis sand grains of the same size would 
be if they had been shaped by running water. 

Bandal (Cott.) A shoe consisting generally of a 
sole only, attached to the foot by thongs, cords, or 
loops. In some cases the sandal is supplied with 
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a beel piece and a cap for the toes, Buadals were 
worn by most of the ancient nations, and are still 
worn by some Oriental races. Ancient Egyptian 
sandals were sometimes manufactured from jrapyrus. 

Bajidal Wood, Red. The reddish brown heart 
wood of the stem of Pterocarjnu mntaiimit (order, 
leffumiiuua') is used in me^cine as a colouring 
agent, and also as a dye. 

- , True. The true sandal wood of India is the 

wood of Santalvm album (order, SkbuialacetB), a small 
evergreen tree growing in South India and the Indian 
Archipelago. It is used in perfumery and in Indian 
medicine. 

Bandaraclk A resdn used in varnish making; 
obtained from the tree Valhtris ^uadrivalvit, which 
is found in the north of Africa and shipped from 
Mogador. Another variety has in recent years been 
brought to England from Austj^aiasia. Saniiarach is 
bard and brittle, and occum in tears which are of a 
yellowish white colour. It is sometimes erroneously 
called “gum juniper." 

Band Bog (^Fmn.dry'). A bag made of some fabric 
of oi*cn texture tilled with sand. By shaking the bag 
tine sand c:m be dusted over any surface in a mould 
to form a Sand Joint (y.r.) 

- {JEuffrat.) A leather covered cushion filled 

with sand, used by engravers to fix a plate at an 
angle convenient for working. 

Sand Bank (^Foundry). A sloping bed of sand on 
which iron itipos are often cast. The sloping position 
of the moulds facilitates the escape of the scum 

Band Blast {Eny., etc.) A jet of water and steam 
carrying fine sharp sand in .'-usiK-nsion; used for 
sharpening files, abrading or “ grinding ’’ the surface 
of glass, and various other purposes. See Olass 
Manupactubb. 

Band Box (A’«y.) A box fitted to a locomotive, 
tram-car, cto., from which sand can be dropped on 
the rails in front of the driving wheels, to promo*© 
adhesion when the rails arc slippery. 

- (^Foundry). A MoDLOiNG Box or Flask 

(j.r.) 

Band Burned (^Foundry). A casting is said to 
be rand burneil when a layer of partly fused silica 
adheres bi the surface, owing to the metal having 
been ]Kiurcd at too high a temperature. The use of 
BLACKtNO (j'.r.) prevents this fault. 

Band Dunes COeol.) During storms, when the 
wind comes landward from the sea, considerable 
quantities of sand are caught up in the waves which 
beat on the shore. When the waves arc driven upon 
the land, the sand grains carried by them are usually 
left behind, while the sea water oozes back alone to 
tlic sea. I.iargo quantities of sea sand are thus left 
above high water mark, aud these, sorted and re¬ 
arranged by the wind, make up sand dunes. 

Bandenwood. See Dybs and Dyking and 
Woods. 

Sand Orain. See ENORAviNa and Etching. 

Baw d Joint {Fntndry). The parting surface 
between, the separate parts of a mould. 

Bandmeyop Reaction (CAcm.) The reaction of 
diazobenzene salts with cuprous salts, described 
under DiAZO Beaowons (q.r.) 

BandnepoP (Jaiuery, etc.) Tough paper covered 
with finely crushed abrading material. Originally 


fine sand was used; hence the name. Cmriied glam 
is now employed, andl the name G]:.AaB PAFSB is 
therefore more correct. 

Band Pomp (Civil Fug.) A centrifugal^ pump 
by which a mixture of sand and water is raised in 
dredging a sandy bottom. The pump discharges 
into a barge in which the sand settles, and the water 
is allowed to flow away. 

Sand Sifter (Foundmj). A machine used for 
sifting sand for foundry use. 

Sandstones (Geol.) Rocks comprised of sand 
. grains cemented by any one or more of various 
I materials, such as limonite, calcite, bituminous 
I matter, and variously coloured in accordance with 
I (1) the nature of the sand grain, (2) that of the 
I cement, (3) the tint 8ub.sequently imparted to the 
rock by infiltration,.weathering, etc. 

Sand Trap (Paper Manu/ac.) A long narrow box 
fitted with partitions, used for keeping back knots 
and mechanical imparities in pulp. 

Sand Yalve (Etiy,) A valve used for discharging 
sand on to the rails in front of the wheels of a 
locomotive. Cf. .Sand Box. 

Bandvent (Foundry). Holes of small diameter 
pierced tlirough the sand of a mould by a rod or 
wire, in order to allow of tlie escape of the gases 
oroduced when hot metal enters the mould. 

Banger Shepherd Procem (Photo.) Sec 1'uoto- 

OBAl'HY IN COLOUBS. 

Sanguine. Of a blood red colour. In heraldry it 
is synonymous with the older term Mitbbey. 

Sanidine (Alin.) A glassy variety of ObthoclASE 
FI’.LSPAB (q.r.) 

Sanitary WaUpaper (Pec.) A variety of paper 
hangings printed from engraved copper rollers in oil 
colours. Ordinary paper hangings are printed in 
distemper colours. See Papke Hangings. 

Sanitation. Sanitation may be defined as the 
science of sanitary conditions, and thus comc.s prac¬ 
tically within theVo' j^c®®^ sanitary engineer. 
It is'included in the tenu Hygiene, which also com¬ 
prehends subjects generally dealt with by the medical 
man and the analyst. The subjects which come 
under the above definition of sanitation are numerous, 
but they appertain chiefly to the supply of pure 
air and water; the means adopted for the removal 
and di.sposal of feetid and wa.stc products; and the 
purity of food supply. 

Air. —The air we breathe is a mechanical mixture, 
and is composed of oxygen, about 21 per cent, by 
volume; nitrogen, about 70 jwr cent.; carbonic acid, 
(CO.^), about 01 per cent.; watery vapour; small 
traces of ammonia. Ozone—an BlK>tropio modificat ion 
of o.xygen—is also present sometimes, more cspeciaUy 
on the sea coast. As a rule the greater the quantity 
of ozone present the greater is the parity of the air. 
The amount of CO, present is generally taken as a 
gauge for the amount of impurity, as if present in 
quantity it is generally associated with other and more 
harmful impurities. '^Tho amount of CO, varies from 
•033 in the open country to •034 percent in the centre 
of cities. In batllv ventilated rooms this percentage 
may rise to -1 or even '2. Air is ]^llated in many 
ways, but chiefly by the respiration cf men and 
animals, by combustion, by emanations from decom¬ 
posing matter of all kinds, and by countless particles 
of dust which have a complicated composition. 
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Bacteria of various kinds are also present, and these 
are> more abundant in towns than in the country, 
while at a distance of 120 miles from land it is said 
that none exist. In inhabitetl rooms the ordinary 
impnrities are derived from respiration and com¬ 
bustion. In respiration each adult gives off about 
*65 of a cubic foot of CO._, per hour, as well as watery 
vaiKturs and organic impurities. In the combustion 
of coal and coal gas CO., is given off as well as 
sulphuric acid, sulphide of ammonia, water, and 
particles of unburat carbon. An ordinary gas burner 
which burns 4 cubic feet per hour uses up the 
oxygen in 32 cubic feet of air, and produces about 
8 oiibic feet of CO^. 

Vestilatiox of Rooms. —In order to get rid of 
those products, whieli act deleleriously on human 
beings, ventilation is necc-ssaiy. In an ordinary 
dwelling house there are as a rule only two means 
of ventilation; the fireplace and chimney, which art 
as an outlet, and the windows, which may act as both 
inlet and outlet. A chimney acts lietter w'hen tlicre 
is a fixe in tlie fircjilace. The window is the best 
ventilator if used as it ought to be, and no ventila¬ 
tion can compare with w'hat is called “perflation,” 
or ventilation by means of‘the wind blowing through 
the room. If perflation is combined with sunshine, 
then a room can not only be ventilated thoroughly 
but also purified. In large buildings other means of 
ventilation are neccs.sary, and may Imj either natural 
or mechanical. Tlie former tleptaids on the force 
of the wind and the differences i f tem[X>ratarc for 
its action, while iu the latter some form of mechanism 
such as a fan is employed. In butli cases inlets and 
outlets must be provided. The following are a few 
of the appliances in use for ventilating poses ; 
Tobis’s Tubes arc upright inlet tubes fixed inside 
the room and rising at least 6 ft. above floor level. 
They generally have valves, and are occasionally 
fitted with hot water coils inside to warm the air as 
it passes in. Sukabingham'S Valve is a small 
inlet ventilator, witli hinged flap, balanced Si) tliat 
the flap falls inwards, the current of fresh air Iieing 
directed upwards. McKixn'ell’s Vextilatob is 
both outlet and inlet, being composed of two tubes 
one inside the other, the outer acting as inlet and 
the inner a.s outlet. One of the mo^t common outlet 
ventilators used is Boa le’s mic.a flap valve, placed in 
an opening into the chimney of the room. Venti¬ 
lating cowls arc frequently used on churches, etc. 
These are generally either Boyle’.s, Banner’s, or 
Buchan’s, and act as outlets. \Vith the-e inoper 
inlets most also be proviiled. Vent ilal ing grates and 
stoves are sometimes used, ihc most .satisfactory of 
the.se being Uouglas Ualton’s grate. Aktifiui.m, 
VextilatioX by fan is now frequently employed 
in churche.s, schools, hotels, theatres, etc., and, if the 
(mrrents are properly directed, is tlie rno.-.t .satisfactory 
for large buildings. The air can bo cooled, warmed, 
and purified as r^uirctl. 

Wabmixo. —In England the open fire is the 
principal method adojjtefl in houses, and although 
the ino.st expensive, is not only a ventilator of 
great value, but gives an air of comfort to a room. 
In recent years great improvement has taken place 
in the con.struction of oijcn firegrates, and some of 
them, such as Teale’s slow combustion grate, are 
extremely satisfactory and economical. Gas fires are 
n )w in. common u.sc, but although cleanly and con¬ 
venient they are not to be recommended for use in 
bedrooms. Stoves of various patterns are also used, 
but there is always a chance of the air introduced 
Being burnt if the stove is a voatiiating one, and also 


of the production of carbon monoadde (CO), a very 
poisonous gas, if tho stove is constructed of cast 
iron. The warming of large rooms, churches, etc., 
is usually carried out by means of hot water or 
steam pipes. Tho system most commonly employed 
consists of 4-in. iron pipes connected with a boiler 
heated by a furnace, in which the temperature of tho 
water rarely reaches 212® F. In high pressure 
systems the water is above this temperature, and tho 
pipes arc of wrought iron and of smaller diameter. 

Wateb and \Vatf.b Supply.—A ll water for 
domestic purpo-es is derived originally from tho 
rainfall, but Iwfore reaching the consumer it under¬ 
goes numerous changes which materially oiler its 
purity. As a source of direct supply rain water is 
only occa.sionally used, and gcncnilly only where no 
other source is available. If collected in the country 
it Ls the purest of all waters, but is not 2 >loBsant to 
taste. Upland .surface water is rain water ooUectcrl 
on a gathering ground and leil into a reservoir, anrl is 
a very common source of supply. The purity of the 
water depends on the nature of the gathering ground, 
but as a rule it Is a good W'alcr, and if carefully 
filtered is clear and wholesome. The water from 
.surface wells and springs is u.sod chiefly in isolated 
houses and small vill.agcs. The puritj* of the water 
is influenced by the depth of the w’ell, the amount 
of pollution of the soil by organic matter, and tho 
construction of the well itself. Shallow well water 
is always to be looked u|)on willi suspicion, e-spucially 
if tlie well is not properly steined. The water is as 
a rule cool and clear and pleasant to taste. The 
water from deep, or artcsi.'ui, wells, is jmro and 
sparkling, but may be hard (ly.r.) Water Is also 
obtained from rivers, and in London the water supply 
is cliielly from this source. If no sewage is allowerl 
to enter a river, and if suitable filters are iirovidcd, 
such w'ater is as a rule satisfactory; but if any sewage 
pollution exists, more especially at a short distance 
from the intake, tlic supply mn»t alw.'iys be looked 
nn with sii.spicion. In times of flood also the water 
is higlily charged with vcgctahlo matter, suid the 
usual filtration is not sullioient to render tho water 
fit for drinking purpo.sos. 

FiltkAtiox or iVateh. —Artesian well water i.s 
.supplied direct to the consumer, as it requires no 
filtration": but as .a rule all other supplies to towns 
.arefiUerer! before distribution. The filtering medium 
is fine sand and gravel, the thicknes.s of each layer 
varying according to tlic quality of tho water to be 
fil'ered. The real filtering medium is, however, the 
fine scum wliich foinis on the top of the sand, 
although a certain amount of oxidation takc.s place 
in the water in its passage through the layers. The 
amount of water p'assing through these layers varies 
very much, and opinions differ as to the permissible 
amount, the minimum being 5 gallons, and tho 
maximum 25 gallons per hour through each square 
yard of surface. S-e Filtebs a7ui Filtbatiox. 
For dome.stic clarification of water there are 
numerous filters in use, such as tho ordinary carbon 
filter, Bischoffs Filter, and Maignen’s Filtrc Rapido; 
but for' true filtration cither the Bcrkefeld or tho 
I’astcur-Chambcrland filter is necessary. See Cab- 
BON Ii’iLTEns. Water for drinking purposes must 
not be too hard, especially if such hardness is per¬ 
manent and not temporary', the former being due to 
the presence of chlorides, sulphates, and nitrates of 
calcium and magnesium, aud the latter to carbonates 
of calcium. 'I'eniporary hardness can be lessened 
by boiling and by the Porter-Clark process on a large 
scale. See Clabk's 1‘bocess. Soft water is better 
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for washing purposes, not only because it uses less 
sosip, but bcaase it has no effect on the texture of 
materials, which undoubtedly a hard water has. The 
amount of water necessary for household purposes 
varies according as a house is supplied with water 
closets and baths or not. Without these 10 to 12 
gallons per head per day ai’e enough, but with them 
20 to 25 gallons are necessary. In manufactunng 
towns over 30 gallons are required. Where water is 
derived from a public supply, a storage cistern be¬ 
comes a necessity, and this should be largo enough to 
contain sufficient water to supply the household for 
24 hours, and should be in such a position that it can 
be easily cleansed. It should also be fitted with a 
close fitting cover, and should be cleansed at least 
once every six months. All houses should in addition 
be suTOlicd with a draw off tap from tlie rising main. 
The effects of drinking impure water are very serious, 
a.s if such water is polluted with specific germs, 
epidemics may occur. The specific diseases most 
frequently caused are cholera and typhoid fever. 

Situ asd Stbcctchal ABa.vxttEMEifT op 
Houses.— Too much importance can hardly be given 
to the selection of a silo for erecting a house. In 
large towns and, generally speaking, in placc.s where 
houses arc Jiggrcgated together, it is frequently im- 
jKjssihle to make a selectitm; but arrangements can 
be made on nearly all sites to ensure a healthy 
dwelling. Tlie first, cimsideration is the niituro of 
the soil. Houses erected on the hard primitive rocks 
should tlieow-tically btj the 'most healthy, the next 
being the gravels, followed by sandstone, and, last 13 % 
clay S')ilK. Itonghly spe:tkiiig, the more moisture 
contained in the soil the less healtliy is the site but 
other circumstances enter into the question w'bich 
must be considered, more especially ttic question in 
gra\ el soils as to whether sucli .soil is virgin or not, 
and whether it h;is been heavily manured or not. 
The manuring of hind, useful and necessary for agri- 
I'ultural puqjjscs, makes the .site, at least for some 
time, not a desirable one, owing 1 ) tlie amount of 
decomposable organic matter in such manure. Land 
al.so wiiieh has been made up with hou.se refu.se, road 
slop, and other refuse, is a most undesirable site, and I 
should never be used as such, at least until all such | 
deeomjiosalde matter has Ijeen coinpletidy removed. 
'J'hc subsoil umler all houses, with the exception of 
those built on hard rock, should be drained by means 
of open jointed pipes, and the water should cither 
How into a receptacle some distance from the house, 
into the nearest ditch, or, in towns, into the general 
drainage s 3 stcin, with the intenentiou of a proper 
and special disconnecting traji. In addition, the 
whole site shouhl be covered to a depth of at least 
0 in. with proper cement concrete, so as to j-irevent 
the entry into the house of ground air, or the air in 
the interstices of the soil. In the erection of a house 
in the country it is possible to take the aspect into 
considerat ion, the best asjiect being either south-east 
or east, iprofcrably the former. Bedrooms especially 
should face the south-east, and living rooms the 
north-west, thus ensuring that sunshine shall per¬ 
meate all the rooms of the hnuso. If a house faces 
south, then the,rooms on the north side get no sun, 
while tho.so on the south get too much. In the 
internal structural arrangements of a house, the 
points to be considered, in addition to those already 
dealt with, arc the position of the water closets, the 
bathroom, cistern, and sinks. All these should ^ in 
such a position that the waste pipes can be taken at 
once outside. The cistern should be placed in the 
roof and should be readily accessible. The walls, 


whether built of stone or brick, should have a good 
damp proof course above the level of the ground. 
This should on no account be omitted, as if damp 
does occur when the house is built it is a difiicult 
matter to insert it. The damp course may be com¬ 
posed of slate, Doulton's ventilating air bricks, or 
other impervious material. The space between the 
concrete and the under surface of the floor should bo 
well ventilated, so tliat there may be a free current 
of air under the whole bouse. Keglect of tbi.s may 
bo the means of giving rise to wl^ is erroneou.sly 
called “dry rot,” which is due to the growth of a 
fungus. When once the fungus obtains a hold on 
the woodwork it is must difficult to eradicate, and it 
may eventually be necessary to remove all the wood¬ 
work before a cure is effected. The thickness of 
the walls of a house is regulated in London by the 
Tiondon Building Act; but the 9 in. wall, common in 
Loudon, alt hough satisfying the requirements of such 
Act if the building is less than 30 ft. high, and dues 
not comprise more than two storeys, is nob quite 
satisfactorj' from a sanitary point of view. Bricks 
do not ‘ by any means make an impervious wall, and 
to keep the house free from damp all the outside 
walls should be hollow. The hollow, which may be 
1 or lj.in. wide, may be filled with pitch or cement. 
The roof should be covered first with wmod, then 
with felt, and then with slates or tiles, lioofs aro 
frequently made with slates or tiles without wood or 
felt put undcrncat'i, but this makes the tup rooms of 
a house cold in winter and warm in summer. There 
should V)c a ventilated air space between the ceilings 
of t’le top rooms and the roof itself, the vcnfilators 
being in sueli a position that they can be opened in 
sumrac’- and closed in winter. The size of the rooms 
in a hou.se will depend largely on circumsfances, but 
no room should be less tliau 8 ft. high or have a less 
capacity than 1,000 cubic ft. Every room should 
be provided with a window and fireplace, so as to 
ensure satisfactory ventilation. All j'uutries, larders, 
an t rooms used for the storage of food should be 
dry, well lighted, and ventilated. tS'ire gauze at 
lca^t \ in. gauge should be used in window openings 
to ])rovont the entrance of flies. 

DiSPOSAU OP THE Dk.ID.— Every t ear this question 
becomes a more serious one. In view of the fact 
that the average number of deaths every 3 'ear in 
EngLand and Wales during the last ten years is over 
550,000, it will l>e seou that serious consequences 
miglit arhse if the disposal of the dead were not carried 
out satisfactorily. In thi.s country there are ouly 
two methods of disposal, viz. airtli burial and crema¬ 
tion, the former being very much the more frequent. 
Tn tlic choice of a cemetery the important points to 
be considered are the nature of the soil and the 
necessity of sub-soil drainage. The best soil for a 
cemetery is a porous, gravelly, or sandy soil, while 
clay is tiie w'orst. The more porous the soil is the 
more speedily docs decomposition set in, and the 
products of such decomposition are more quickly 
resolved into harmle.ss elements. The grave should 
not be more than 9 ft. deep, and the whole graveyaid 
should be drained to this depth. The drainage 
sliould be run into the nearest sewer, or if into a 
stream, care must be taken that the water from 
that stream is not used for drinking purposes. The 
Itcgulations of the Home Office state that there must 
bo 1 ft. of earth above each ooifin in a grave, and 
that it shall be at least 4 ft. below the sur&oe of the 
ground. There is no doubt, however, that decomi>o- 
sition proceeds more rapidly the nearer the surface 
the decomposing materm is, and a body say IH in. 
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from the surface of the ground would possibly be 
more quickly destroyed than one 4 ft. To prevent 
any nuisance, however, the regulations have made 
the depth 4 ft., and the regulations also state that 
any grave is not to be opened except fur the burial 
of members of the same family for fourteen years. 
Tlie cotiins siiould be made so that the natural 
process of decay can go on rapidly, and for this 
purpose they should be made of light and porous 
material, as wickerwork or ordinary pine. Tl)e use I 
of oak, hard wood of all kinds, and especially load j 
coffins should be discontinnod, as they only hinder i 
the processes which musit eventually take place. 
Vaults of any description should not be permitted. 
The more quickly the earth comes into contact with 
the body the better, and any means which retards 
this should not be allowed. In a clay soil decum- 1 
position may be retarded for years, and iu some 
cases the snbstanon known as udipocerc is produceil. 
Cremation means the destruction of the hotly by 
fire, and in a properly constructed crematorium this 
can be carried out in two hours without the produc¬ 
tion of a nuisance. Only one objection bci'ides a 
eentiineutal one can be rai.scd to tills mode of 
disposal of tbe dead, and that is, that it is possible J 
for death from poisoning to take idace and the body j 
afterwards cremated, thua leaving no tnaco of ]ioisun. j 
This difficulty, however, can in nearly all cases be 1 
surmounted by the authorities insisting on a medical ' 
certificate of death signed bj' two medical practition- j 
ers instead of one, and of post mortem.s being insisted ! 
on iu any suspicious cases. 

Eemoval of Waste Matter. — The waste 
matter which must bo removed from houses may 
Iks classified as follows: (1) Slop water, waste water 
from sinks and baths; (2) excreta; (3) house rctiise. 

It is also necessary to make some arrangements for 
the collection of rain water. For tlio removal of 
slop water, etc., there must be cither proper sinks 
and pifie-s connected with the drains or cesspools or 
the slop water can be collected in pails aufl thrown 
over the land. Excreta may be disposed of i»y means 
of water closets connected to the draiu-s or cessjxiols, 
or the dr}' earth system may be adopted. House 
refuse is either collected by the sanitary autliority 
or may be dispo-sed of by the househokler on adjacent ; 
land. { 

MKWER,iGE AXD I)BAIN*AGE,— lu towns and j 
villages witli .a sewage .system adequate means of ! 
drainage can bo provided by means of piropcr piptes, i 
traps, and connections. Hanitary autlioritics are 
empowered to make byelaws which shall state the 1 
size, fall, nature of traps, material, and means of { 
ventilation of sucli drains. Every draiu must be of i 
adequate size, and mu.st be con.structcd of stoneware 
or cast iron pipes. The diameter of the drain pfipo 
will depend on the size of the house, hut must he at 
least 4 in. For an ordinary house of six or ciglit 
rooms with bathroom this diameter is sufficient, but 
in larger hou.scs it is necessary to use pipjos with a ] 
diameter of G in. The drain munt have a sufficient j 
falt-to the sewer, and this fall ought to be equal on j 
the whole length of the drain. A 4 in. drain should | 
lia\e a fall of 1 in 40, a 6 in. drain of 1 in 60, and a ! 


drain should also be covered with concrete. With 
cast iron pipes it is not necessary to use concrete on 
the top, but the pipe should be laid oa a concrete 
bod. The joints m cast iron pipes should be at least 
2^ in. in depth, and made with molten lead, properly 
caulked. The joints in stoneware pipes must be made 
with cement. All drains should be tested with water, 
and should he able to withstand a pnessure of at 
least 2 ft. bead of water. Where necessary proper 
traps must be provided, the most important of 
these being the intercepting trap between the 
drain and the sewer. This imoold be placed in a 
manhole os near os piossible to tbe main sewer, and 
should 1)6 self-cleansing. The trap must be prodded 
with a cleansing eye and stopper, so tlrat if necessary 
that pjart of the drain to tlie sower can be cleansed. 
All rain water pipes should discharge over trapmod 
gullies. Tiie soil pipe must be constructed cither 
of solid drawn lead or of heavy cast iron. The 
former should only be used if the soil pip>e is inside 
the building. For a 4 in. drain pipe the load should 
weigh not le.ss titan 74 lb. ]>cr 10 ft. length, and fur 
an iron jnjx) the weight should be 64 lb. for every 
6 ft. length, and should be iu. in thickness. The 
lead ptipte should have pjropier wijted prlumbcr’s joints, 
aiul the iron pipe shtmid h.ave sodeet joints made 
with lca<l pjropHirly caulked. Tiie soil pip»c, which 
must be 4 in. in diameter, should be continued up¬ 
wards to a iieight of at least 3 ft. above the roof, and 
as far as pjossiblc from any windows or openings into 
the house. All pdp^cs from sinks and baths should las 
of lead, ollicieutly irapipted by a syphon trap), and the 
liquid from tiiem siiould discharge into a trapped 
gully. All joints of these lead pip)e8 must he proper 
wip)cJ joint.s and not slip) joints. I'ho drain itself 
must be veutilatod i)y means of au air inlet, whicti 
IS generally p)lactd at tlie manhole in front., and by 
j outlets, one of which may be the continuation of the 
I soil i)ipo aud the other a spiocial p)ipc 4 in. in diauicter 
I at the highest point of tiie drain. Trap)s are of various 
1 kinds, but the simplest is the ordinary sypihon trap) 

' at tlie outgo of sinks. It is made by bunding the 
: lead pripe like the letter Si the lower btmd of the 
I letter forming the water seal. Numerous varieties 
j of traps are on 1 ho market of a satisfactory character, 
bnt the old fashioned dip trai)8, bell traps, lip) traps, 
and D trapw mu.st not be u.sed. The waste pip)es 
from kitchen sinks freipuciitly bccoiuc ulfeusivo, owing 
to the deposit of greasy matter in the interior. 
The best way of avoiding tliis is to use plenty of 
liot water and to occasionally cleanse with hot 
water and a strong alkali, ns c.’U'bonate of soda 
crystals. 

Water Closets. —In recent years great improve¬ 
ments have taken prlace iu the construction of water 
closet apparatus. The patterns of closet pans and 
traps now recommended are of much simp)lur con¬ 
struction, are easier cleansed, and do not readily get 
out of order. These should be constructed of earthen¬ 
ware, tlie pan being of such shape and capacity that 
all excreta shall fall directly into the t»p, which 
is to be an efficient syphon trap and must have suffi¬ 
cient seal, so that sewer gas cannot find its way into 
the water closet itself. There are numerous forma of 


i) ill. draiu of 1 in 80 at least; but it is very desirable 
to have more than the above. A useful formula to 
remember is that each length of 2 ft. pip>e should 
have a fall of half on inch, which i.s equal to a fall of 
1 in 48. This amount of fall renders the drain self¬ 
cleansing. The whole of the drains must be laid on 
a bed of concrete 6 iu. thick, and in a 4 in. drain 
12 in. broad, and a 6 in. drain 18 in. broad. Tbe 


water closet app)aratus in tlie market which comply 
with the above principles, but there are still a number 
of closet ap)p>aratus in use which do not. The follow¬ 
ing are some of the app)aratus in use; Valve closets 
are good closets if used carefully and if of good type. 
Tiicy require a flush of at least three gallons of 
water, and, as tbe apparatus is complicated, are apt 
to get out of order. Washout closets were at one 
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time much used, but are not satisfactory. Washdown 
closets are the best, and variations of this type 
are numerous. By for the great majority of closets 
erected have washdown pans and traps. The old 
hopper closet with spiral flush may still be seen, 
but this pan is very difficult to cleanse, and in 
poor class property is a continual source of 
nuisance. The short hopper pan with rim flush 
is quite a satisfactory closet for or^nary use, and 
is cheap and easily cleansed. The junction between 
the stoneware trap and the ir<wi or lead soil pipe 
must be properly made with Portland cement if the 
soil pipe be of iron, and if of lead a flanged brass 
thimble must be inserted, the joint between the 
tliimble and the stoneware being made with Portland 
cement, and between the lead and brass there must bo 
a wiped or overcast metallic joint. If an iron pipe 
is joined to a lead pipe, there should be a brass 
thimble, and the joint should he made of lead and 
properly caulked. If one closet discharges into the 
same soil pipe as another at a lower level, an anti* 
syphonage pipe must be inserted to prevent the 
un.syphoning of the tmp of the water closet. Such 
pi})cs are, as a rule, about 2 in. in diameter, and are 
taken from the top of the trap of the water closets 
and connected with the soil pipe above the higher 
water closet. Water closets are flushed cither from 
a largo cistern with chock valve or by luean.s of a 
small water waste preventing cistern of a cajKicity 
of 2 or 3 gsillons. The former is now only used with 
valve closets, and the latter to all other kinds of 
water closet .s. These cisterns are of various patterns, 
and act by disjflacoment or syphonage. Needless to 
say, no water closet should lie 6a])plied direct from 
the main without the intervention of a cislcm, 
and no water closet should bo supjilied from the 
same cistern that supplies water used for drinking 
jturposts. Trough closets, althougii at one time 
ptjpnlar for schools, arc now lajing clone away with, 
JI.S they are difficult to keep clean. Slop closets, 
where slop water is collected in a tank and made 
to di.sohargo automatically, are vised in some pro¬ 
vincial towns; but, except that there is a saviug of 
water, there is no other advantage. M'hen no sewage 
system exists, ttic drains may' discharge into a cess¬ 
pool, which should be quite impervious and situ.atc'd 
ns far as pos.siblc from the house. It should also be 
clcan.scd periorlically, and the rain water from the 
house should be collected separately, otherwise the 
cesspool will require very frequent emptying. In 
the dry system of removal of exciela, earth 
closets, jjail closets, or midden privies are msed, but 
these require careful supervision, so as to prevent 
nuisance. Earth cIohcLb are the most satisfactory if 
supplied with dry garden mould. The contents of 
these may be used in the garden for manure, or, if 
in towm and collected by the sanitary authority, may 
be mixed with a ctutain jiroportion of ashes and sold 
to faiTuers for manure. Ilot’SB ItKPVSB consists of 
ashes from fires, vegetable and animal refuse, sweep¬ 
ings from rooms, etc. The biMt way to get rid of a 
large proportion of this is for each householder to 
burn bis own sefuse, which enn easily be done in a 
modern kitchener grate, leaving only dry ashes, which 
may be utilised in the garden. This in most coses is 
not, or cannot, be done, and consequently a large 
expenditure is required in towns to remove such 
refuse. The refuse must be kept in a proper dustbin 
and covered, and should be removed at least one's a 
week. In fiats and tenement dwellings daily removal 
is a necessity. After collection such refuse is used 
cither to make up low-lying land, used as a manure, 


or burnt in a destructor, the clinkers formed belhg 
used to make up roads, etc. 

Hbwsbb. —Main sewers which carry off the water 
from house drains vary in size from 9 in. to 16 ft 
Pipes are used if the diameter is not more than 18 in., 
but above that brick sewers are necessary, and these 
ought to be oval in section. The rate of flow in 
sewers should not be less than 2*5 ft. per second, and 
to ensure this the sewers should have a fall of 1 in 
200 for 12 in., to 1 in 750 for a sewer 6 ft. in diameter. 
These sewers roust bo ventilated every 100 yards, and 
there may be either manholes in the centre of the 
roadway or pipes may be laid from these to shafts 
about 30 ft. high against buildings if possible. Vaiious 
methods have been tried to abate nuisances from 
these ventilators, bat none have so far proved very 
successful under all circumstances. One of the most 
successful is Reeves’ system, where deodorisation 
certainly takes place by* means of the production of 
free oxygen. The following formula given by L. 
Parkes is nsed to calculate the discliarge for a 
sewer; 

V - 55 VuTZh', and Q = V X A. 

V = Velocity in feet per minute, 

A Hectioual area of current in square feet. 

I> *»’Hydraulic mean depth. 

F = Fall in feet per mile. 

tj s, Cubic feet of water discharged per minute. 

fiEWAGE Disposal. —The methods adopted are: 
(1) Discharge of sewage into the sea or the nearest 
stream cither in a crude state or after previous 
treatment by fillratiou, subsidence, ora combination 
of both with chemicals. (2) Discharge of sewage on 
land either by irrigation or by intermittent downward 
filtration. (3) Purification by means of septlctauks, 
the effluent being discharged into the nearest stream 
or into the sea. The first method is the one most fre¬ 
quently adopted, as, if thercis no previous treatment 
of the sewage, it is probably the cheapest. 'Ilie 
following are some of the patent x^rocesses; 

Scott’s . . I.imo and clay. 

Sillar’s A.D.C. . Alum, blood, clay, and cbarccMd. 

Coventry process Alum, iron, and lime. 

Anderson’s. . Crude sulpliaie of alumina. 

Acton process . Ferrozone and }x>larite. 

Amines’ . . Lime and herring brine. 

The Septic Tank System (s'.**.) has only recently 
been put in operation, and, so far, in smaller towns 
h.is proved satisfactory. From a sanitary point of 
view it is the least satisfactory system. The disposal 
of sewage on land, if properly carried out, is the best; 
but this is only possible where suitable land can be 
liad at a reasonable distance. Bewage Faehs, as 
they are called, have proved fairly successful, and, 
with the exception of cereals, crops such as rye grass 
and root croits can be grown satisfactorily. If 
chemicals are twed, there is always a difficulty in dis¬ 
posing of the sludge, which has little or no manurial 
value. The chemicals used are alum; lime, either 
alone or in combination with phosphate of calcium 
or clay. The difficulties in dcaliug with sewage will 
b j very much lessionod if no rain u aler is allowed to 
discharge into the house drains, and this separate 
system has been adopted in several towns. 

Disinfectants ani> Disinfection ; Manydiaeascs 
are caused by germs or bacteria, and it is necessary 
after tlie occurrence of one of these diseases for dis¬ 
infection to be carried out to prevent further infec¬ 
tion. I’opolarly, the term disinfectant is applied to 
» large number of substances which do not destroy 
such bacteria, and it is therefore necessary to clearly 
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(listinguisb between rleodorante, antiscptiCB, and tnio 
disinfectants. Dbodokants only destroy any offen¬ 
sive odour; Aktisbptics merely arrest the growth of 
germs; while true Disinfectakts absolutely destroy 
the germs, so that they become harmless. Numerous 
chemicals are used for disinfecting purjioses, but only 
very few are true disinfectants, and in nearly all 
cases these are very poisonous salts. The most cora- 
luonly used are corrosive sublimate, carl)olic acid, 
and preparations of creosote; and to these may be 
added chinosol, a synthetic product. For ordinary 
uso carteiic acid in a solution of 6 per cent. (1 in 20) 
is satisfactory; but this strength has a very dele¬ 
terious action on clothing and bedding, and the same 
applies to most of the creosote preparations. Corro¬ 
sive sublimate in the strength of 1 in 1,IX)0 is a good 
disinfectant, but it is not advised, as it is extremely 
poisonous and destructive. I’ermanganate of potash, 
6 iier cent., is also a useful disinfectant, but in this 
strength is not suitable for disinfecting clothing. 
Chlorinated lime, or chloride of lime, as it is poim- 
larly called, in 5 'per cent, solution, is a useful dis¬ 
infectant, but has itself a disjigrccable odour. Tl.e 
best and most satisfactory metliod of disinfecting 
l>edding and clothing is by means of steam in n 
closed chamber, an<l all sanitary autlioiities should 
ixj.o.scss a suitable steam disinfecting a 7 ii.iur,atus. 
Washington Lyons’ apptiratus cotisisls of a cylinder 
with a double casing or jacket. Steam is first intro¬ 
duced into the jacket, thus preventing loss of heat 
by condensation. The goods to be disinfected are 
placed in tlie chamber, and a door, wliich is lined 
with rubber seating and secured by screw clamps, 
is closed. Steam is them admitted to tlte chainbir 
antil the prcs.sure retiches about 2t) lb to llie . quarc 
inch, giving a temperature of about 200'’!’. The 
steam is superheated by liaving the pressure in ilic 
jacket higher than in the cliamlicr itself. The articles 
arc kept in the cliamher for about ten minutes before 
tl.e steam is allowed to esc.'iiic. The door at tlie 
other end of the cliambor is then oi'cned and tlie 
goods removed. The whole appianitus is constructed 
so that when i» fifu one door o|iens into one room 
and the other into another, tlius ensming tli.'it tl.e 
goods when disinfected siuill not again come into 
contact with other infected f.rtiele.s. Other dis¬ 
infectors are Tlircsli’s, licck'.s, and the Equifox, made 
by Defries 6c Co. In any of tlie above apparatus, if 
oi'dinary precautions are taken, no damage need be 
done to ordinary bedding, blankets, and wearing 
apparel. Leather and furs cannot, however, be dis¬ 
infected by steam, but may be by dry lieat cautiously 
ap.plied. Articles which have previously been e.x- 
jrtised to sulphur fumigation should not bedi>iiifected 
by steam, because sulijhuric acid is formed, and con¬ 
sequent destruction to the material ensues. It is 
also to be remembered that steam act.s as a mordant, 
and permanently fixes any stains such as those 
caused by albuminous material, blood, food, or urine. 

Fumigation : In addition to disinfection of bed¬ 
ding, clothing, etc., by steam, it is advisable in cases 
of infectious disea.se to fumigate the room, and tiiis 
may be done either by means of sulphur or formalin. 
The former is better if the rcMim is infected with 
vermin, as the latter has no effect on theso; but in 
the majority of cases formalin is the most satisfactory 
agent to use. The strength of sulphur is usually 
1 lb. to every l.WX) cubic feet of B^ace, while in the 
case of fuimalin 26 to 30 formalin tablets are neces- 
saiy for the same space. Formalin has no dele¬ 
terious action on brass, delicate fabrics, or colours ; 
while sulphur, especially if there is any moisture 


present, may injure these substances. After fumiga¬ 
tion tbc room should be freely ventilated, and sun¬ 
shine should be allowed to permeate the wliolc room 
if possible. The walls, ceiling, and floor of the room 
may he sprayed with a 40 per cent, solution of 
formalin, and the wall paper should always be 
stripped off. This is more especially necessaiw after 
cases of scarlet fever and diphtheria. For a more 
complete study of the subjout the following works 
on hygiene maybe consulted ; Stevenson and Murpliy 
(3 vols,), Hamer, Louis I’arkes, Whitelcggo, and 
Wynter lllyth.—1’. f. S. 

' Banserif {Tiijmg.') A letter without serifs, ns |V!. 

Bantalum {JMany). An East Indian tree, flan- 
taluiii alhuiii (order, Sanialacete'), jields SANDAL. 
Wood iq.v.) 

Bantonin CJMany\ A powerful drug prej-iarod 
from the dried immature ciipitiila (or flower beads) 
of ^Irtcmuia waritima (var. Utechmatuiia't order, 
Cimpcsilif'). 

Bantonine ( Ch m.) Probable formula 





Fonns white sliiuiiig leaves or friinetric tables: inelis 
at 1 part <li‘^^olve.^ in 5,00U parts water at 17 o ', 

in 2 . 1011 : 1111 ^ at 100°; much more soluble in alcoiioi; 
easily soluble in cliloroform; it.s solutions are 
lasvorctalory. Tlie optically active forms .sliovv 
trihKiluininescencc. It is used in medicine for round 
worms and threadworms. I’ciLsonous; an overdose 
affects the vision, causing objects to a]>pcur vi<-lei, 
greenish, then yellow. It occurs in wormseed (tlie 
unoiKjncd flower beads of various kinds of Artemisia). 
The wormseed is treatcfl with a thick milk of lime, 
water added and violently shaken; the calcium 
santoniiiiitc i.s extracted at 65° to 70° with alcohol; 
an<l tlio aleoliolic .solution decomposctl with hydro- 
chhiric acid. I'lie crude santoiiine i.s purified by 
rccrystallising from alooliol, using animal cliareoal 
first lo decoiori.se it. It must be dried in absence of 
light. Naiitonine is the lactone of sautoninic aeii! ; 
it is also a ketone,‘as it forms both a hydrazone and 
an oxime. That it contains a naphtlialcnc ring and 
a fhree carbon atom side chain is shown by the fact 
tliat saiitouinic acid and other acids derived from 
santonine yield dimethyl-ys-iuiphthol and propionic 
acid— '■ 



and CHjCIIjjCOOH, when fused with caustic potash. 
WlKsn santonine is exposed to light it turns yellow, 
forming an isomeric compound called chrome- 
s.antouiae. Another isomer of santonine known as 
desmotroposantonine is formed when santonine 
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dissolved in concentrated hydrocbloric acid is 
allowed to stand. When purified by washing with 
hydnx^orio acid and recrystallisation from alcohol 
it forms shining needles, which melt at 260^, and are 
not changed by light; neither does it yield an oxime 
or a hydrazone; but it, yields an acetyl derivative. 
It is probably the enol form of santonino: 



When light acts on a solution of santoninc in dilute 
acetic acid, Photosantonic acid is formed; when light 
acts on its solution in dilute alcohol, Isophotosantonic 
acid is formed. The fomulas of these substances arc 
respectively 





HOH^ 


/\A 


CHOH 


VV“'^ 


'CM.CH COOtl 
CM. 


Sap {Ttotany). A general term for the fluids 
containe<l in the ti.ssues of a plant; the circulating 
fluids which convey nutritive material. 

-(.1/fM The unaltered cure of iron in the bars 

of blister steel, made by the cementation process at 
“ spring licat 

Saponifleation. Generally in a technical sense 
means tbe chemical changes which result when soap 
is made by the action of alkiili on fixed oils or fats; 
but it also includes other ('hauges in which compound 
ethers arc broken up. At one time the term was 
r.onfincd to the action of alkalies (including lime), 
but it now includes the agency of sulphuric acid, 
superheated steam, and enzymes peculiar to certain 
seeds, ('f. llTDKOi.rsis. 

Baponine {Chem.) A glueoside. It is a white 
amorytlious powder soluble in water, and having the 
property of giving a lather to water when shaken. 
It ocenrs in many plants, and especially in the 
common soapwort. Hydrolysed by dilute acids to 
glucose and a orystulline substance sapogenin, 
constitution unknown. 


Sapphire (Min,) The blue variety of Oomndnnt 
(q.v.) The oidinary sub-variety is know^ as Oriental 
Sapphire; that with a reddish or bluish refieotiou ja 
called Qirasol Sa{^hire; and the sub-variety with 
a pearly reflection is the Chatoyant or Opalescent 
Sapphire, The chief localities for Sapphires are 
Ceylon, Pegu, Bohemia, near Expaiily in France, and 
New South Wales. It is highly prized as a gem 
stone. 

--• Braxiliui {Mia.) This is a blue variety of 

Tourmaline {q.v.) ; the colour is lighter than the true 
sapphire, and the stone is less hard. See Pbbcious 
Stones. 

Saprophyte {Biology). An organism which sub¬ 
sists on decaying organic substances. 

Sap Wood {Botany). The new wood next to the 
bark of a tree. It is inferior in value to the heart 
wood, from which it is usually easily distinguished 
by colour, etc. 

Saracenic {Architect.) The architecture of various 
countries during the period in which they were 
under the influence of the faith of Islam. It can 
be divided into Arabian, Moorish, Persian, Indian, 
and Turkish. Those styles, though differing in many 
respects, have mucli in common. See Moobish. 

Sarcine ( Chem.) H ypoxanthinb iq.v.) 

Sarcolactic Acid {Chem.) See Lactic Acid. 

Sarcosine ( Chein.) 

CH,N] ICII, ClI... NUjCH, 

I or 1 ■ I 

COOH CO—O 

(Methylglycoooll.) Rhombic prisms; melts at 210^ 
to 220^ with decomposition into carbon dioxide, 
dimcthylamiiie, and other products; soluble in 
water; heated with Sofia lime it forms methyl- 
amine ; acts as a weak base; forms characteristic 
platinum tloublo salt. It is a decomposition product 
of creatine {q.v.) ; also forme<l by boiling caffeine 
with baryta water. It is pvcpiircd synthetically by 
the action of monocliloracotic aci<l on methylamine: 

(TIjCl CH.NHCHs 

1 + ILN'.Cli, = 1 + HCl 

cooir ■ coon 

Sard {Mm.) An orange brown variety of Chal- 
CEDOSV (q.v.) 

Sardonyx {.Vin.) A variety of Chalcedony liaving 
parallel banding of alternate layers of red and bluish 
white or white. See aha PUECIOCS Btokeb. 

SaroB (Aatron.) See Eclipses, Number of. 

Bapsaparilla {Botany). Is the dried roots of 
Snulax ojlicinalis (ortler, Liliacea;), iind other species 
Ilf Smilax imported from Tropical America and the 
East Indies. 

Sash {Carp. atuJ Join.) The portion of a window 
containing the glass. 

Sash Bit {Carp, and Join.) A long twist bit used 
for boring sashes. 

Sash Door {.Carp, and Join.) A door having the 
upper pail glazed. 

Sash Frame {Carp, and .Toin.) i term sometimes 
applied to a Sash {q.v.), but more properly restricted 
to the outer frame of a window in w'hich the sashes 
move. 

Bi»h Tool {Bee.) A small brush made of hog 
bristles, used for painting window sarixes. Sea 
Paintbbs’ Bbushbs. 


ftl 
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Bstam iWooUen Manufoo.') An old type of 
woollen cloth, with fine lines weftways. 

Sateen Hanw/he.) A form of weave used 

lor cotton, woollen, or linen fabrica Very laff^Iy 
adopted for cotton doths requiring dyeing, printing, 
or mercerising. It has a very solid and smooth 
surface, like satin, of either waip or weft. The effect 
is produced by the rearrangement and regular dis* 
tribution of the intersections in such a way that they 
are bidden from view. A WaBP Satbek is a cloth 
with a warp surface and a greater proportion of 
warp threads than weft; Wbft Satbbn is the 
reverse. 

Hatelllte (Astron.) A term applied to the smaller 
bodies revolving round the planets or stars. Thus 
the Moon is the satellite of the Earth. 

Batin. A plain silk fabric pre.senting an even, 
lustrous, soft surface, obtained by tlie long flushing 
or floating of the warp threads on the face of the 
work. 

Batin Leather (^Leather Mamifae.) Leather 
finis^ied with bright black polish to resemble satin. 
It is finished quite smooth, without grain marks. 

Satin Spar (M».) This term is used for the 
finely fibrous varieties of Calcite, Aragonite, or 
Gypsum; in all three cases the mineral is in veins 
with the fibrous structure running transversely. All 
are wliite or greyish white (rarely pink in the case 
of Gypsum), and show a satimlike surface when 
X>olisiiod. 

Batin Walnut See 1Vood.s. 

Batin Wood. See Woods. 


Batarated Compoonds (Chem.) Compounds in ; 
wlii<;b each element is united to monovalent atoms 
or groups of atoms, the numl>er of which equals the | 
maximum valency of the element. Thus if oxygen 
is regarded as divalent, then water is a saturated 
compound; but if oxygen is regarded as tetravalent, 
then water is an unsaturated compound and should 
form additive compounds; a very large number of | 
compounds crystallise with one molecule of water. ; 
On the above definition, acetic acid and all com- j 
pounds containing a carbonyl group must be regarded | 
as unsaturated, and, in fact, tliey all fonn additive j 
compounds, e.ff. 


CH. 

& "O 
^ \ 00,11* 

CH, 



on, 

1 /OZnCH, 
Zn(CH,), C^CH, 


\OC,Hs 


CH, 

l^OH 

'"'V PW 

HC.S I 

OH. 


Hatnrated j 
coDijwandg | 
oa n^tdbt | 

carboo. I 


Saturated compounds are characterised by their | 
inability to enter into reaction unless an atom or | 
atimic group, or more tiran one atom or atomic 
group, can be replaced by anotlier atom or 
atomic group. Thus marsh gas can only react by 
having one or more hydrogen atoms replaced by 
other atoms. 


Batorated Steam. Hteam in the condition of a 
saturated vapour; a diminution of volume without 
change of temperature (i.e. isothermal compression) 
or a fall in temperature cause-s condensation t<i com¬ 
mence, See aho Vai'ODB PHBaaPBE and KTCAM. ; 


Batoraftioa iEeat). A term applied to the con¬ 
dition of a vapour when it is at the maximum density 
and pressure which correspond to its temperature; 
condensation commences if the vapour be compressed, 
the pressure remaining constant. See vAFOCTB 
Fbessubb. 

-• Magnetic. When a magnet has been 

magnetised as strongly as possible, it is said to be 
Batxjbated; the material of the magnet becomes 
less and less permeable as the magnetising force is 
increased, and the total number of lines of force 
which can be caused to pass through the iron thus 
tends towards a limit. In good wrot^ht iron this 
limit is practir^ly readied when the value of the 
magnetio induction B is about 20,000 lines per 
square centimetre; in cast iron the number is about 
12,000. Higher vdnes have, however, been obtained 
in laboratory experiments. 

Saturation of the Air {Meteorol.') When the 
atmosphere contains so much moisture that it cannot 
carry any more it is said to be saturated. 

Satam* Planet {Attron.) Remarkable for posses¬ 
sing what appear to be three flat rings surrounding 
the planet; round the outside of these rings move 
eight satellites. Distance from sun, 886,000,000 miles. 
Diameter,73,500miles. PeriodioTime, about 29^years. 

Bannden Blue (/'at»f). The term is a corruption 
of the French Vendrei Sieves. Dltrauiarine ash. 

Batrannah. A plain or tract of land devoid of 
trees, but oovere<l with other forms of vegetation. 

Saw. See Saws. 

Saw Bench. Tlic table or support of a msuihiuc 
saw, on which rests the roaU'rial that is being cut. 
The term is-most commonly applied to the table of 
a circular saw. 

Baw Block (T^pog.) A piece of wood similar to 
a carpenter’s mitre block, with the addition of a 
rigiit angle cut, on which furniture is cut to required 
lengths. 

Sawdast. This is used for various cleaning 
pur}X)se8; for mixing in certain patent fuels; in 
moulding, to give porosity to tiie moulds; as a packing 
material, in the manuiacture of oxalic acid, and for 
varions other purpot’es in the arts and trades. 

Saw File. A file specially made for sharpening 
saws. The commonest type is of triangular section, 
but files of other shapes arc also used for sharixining 
special kinds of saws. 

Saw Filing Machine. A machine used for sharpen¬ 
ing large saws, such as band saws. Tlie saw is 
fixed in a suitable holder, and files moved by the 
machine act upon the teeth in succession. 

Baw Frame (Carp., Eng., ete.) A frame in which 
a thin or narrow' shajied saw' is fixe<l, being kept in 
tension by the frame. Hack saw's and bow saws, 
fret saws and certain forms of machine saws arc 
thus 8upporte<l. Saws. 

Saw Gullet. The space between two teeth. This 
I'pace lias to be enlarged by filing, as the teeth wear 
away through repeated sharpening; the process is 
Lurmetl Gullbtino. 

Sawing In (Bind.) Making slight indentations 
in the back of a book previous to sewing the sections 
together. The indentations are for the purpose of 
receiving the cords or bands (g.v.) to which the book 
is sewn, and are made by a tenon saw or a machine. 
In the case oifexihUs binding the back of the book is 
not sawn, the bands lying outside. See Sewing. 
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8««i {Carp, and Jain. Eng., ate.) Saws may be 
divided into two main classes: (1) those used by 
band, and (2) those driven by macbineiy. Of the 
first class, the Havd Saw is the most important; 
the blade is aboat 2 ft. long, sufficiently thick to 
ensure stiffness when in use, tapering in form, 
and having from 6 to 7 teeth to the inch. Of the 
same type are the Rip Saw, with latgo teeth, for 
cntting along the grain of wood, and the Half Rip 
(these have 8 or 4 teeth to the inch); and the Panel 
Saw, used in cutting tenons, etc,, and having from 7 
to 10 teeth per inch. Caoss Cut Saws have a blade 
slightly curved or l»ellicd along the cntting edge, and 
a imndle at each end, requiring two operator ; they 
are used in felling trees and in cutting acro.ss large 
balks and logs. For cutting across tlic grain of 
wood in small work the Tenon Saw is used. The 
blade is very thin, and is stiffened by a rib or l>ack 
of brass or steel; from this fact the term Back Saw 
is sometimes applied. It has 10 or 12 teeth to the 
inch. A Dovetail Saw is a similar saw with still 
finer teeth, usually 14 to 18 per inoh. For cutting 
along a curve or in a very narrow space, a saw with 
a very narrow tapering blade (without a back) is 
used; of this form are the Compass Saw, Pad Saw, 
and Ketiiole Saw. When the blade is very narrow 
or very thin, it does not fmsseas sufficient strength to 
enable it to be used without breaking, and is there¬ 
fore supported in a frame, by which the blade is 
kept in tension and thereby prevented from sudden 
bending and consequent breakage. The Bow Saw 
is the type most used, in which the saw Ls fixed in a 
rectangular hinged frame of wckkI, and kept in tension 
by a twisted Ci)id. A FltET SAW for hand use also ha^ 
a rectangular frame, but made of steel, and the fine 
saw is kept sufficiently tight by the elasticity of 
the frame itself. A IIauk Saw usually has a blade 
^ or { in. wide, kept in tension in a metal frame; 

It is used for sawing metal, the blade being of 
iiord tempered steel. Hack saws are not usually 
sharpened, as in most cases the blade breaks before 
its catting power is exhausted, and a now blad<.> 
is fitted. i 

The most, inqiortant types of MACHINE Saw are [ 
the CittCULAE Saw, Band saw, and Jio Saw, or 
JitiOEB. The former is a circular disc of steel, 
varying in diameter from a few inches to several 
feet, according to the use for which it is required. 
I'hc most important application of the circular saw 
is the cutting of logs and balks into deals, boards, 
etc., but some types are used for cross cutting. A i 
Qboovinq Saw* is a circular saw having a thick 
blade pnrjecting a small distance only above its 
table, and is used for rapidly cutting long grooves 
in wood. A Band Raw is wholly distinct from all 
the preceding types. It consists of a long ribbon of > 
steel, having teeth on one edge, the ends l)emg brazed | 
together to form an endless band. Tliis band runs i 
over revolving pulleys, so that the motion of the teeth j 
is always in one direction; ‘it has a great variety of 1 
uses, and is especially useful in rapidly cutting 
curved work. Baud saws may be adapted for cntting 
metal os well as wood. A Jio Raw consists of a 
narrow straight bhulc, fixed in a frame, by which it 
is kept in tension; thi.s frame is given a reciprocating 
motion by machinery. Two or more blades are often 
fixed in one frame, and the saw is then used fur 
cutting simultaneously a number of boards from a 
single deal or log. Fret saws and hack saws are 
oocasionaliv driven by machinery, a fret saw driven 
by foot power l>eing a familiar tool in the workshops 
of amateurs. Various other types of machine driven 


saws are made for special uses, but they twiudlj 
follow one or other of the above types. 

Saw BettinM. If the teeth of a saw lay entirely 
in the plane ox the blade, the saw would jam iB the 
cut or kerf. To prevent this, the teeth are bent 
alternately to right and left by means of pliera, a 
punch, or a tool with slots fitting the teeth, termed 
a Saw Bet. 

Saw Sharpening. The formation of the catting 
edge on tiie teeth of a saw, as distinguished from 
setting and gulleting. 

Saw Spindle. The axis or shaft on which a circular 
saw is mounted and by which it is driven. 

Saw Table. A S.\w Bench (ij.v.) 

Saxhorn {Mngio). A family of brass wind instru¬ 
ments invented by M. Bax, a Belgian, about 1840. 
See p. 437, 

Saxifragaces {Botany). An order which includes 
the genus Uibes, the Currants (if. ruhrum, the Red 
Currant; II. nigmm. Black Currant; M. groetvlaria. 
Gooseberry), and a number of garden plants. 

Saxon Architecture. See Anglo<Saxon Abchi- 

TECTUBB.* 

Saxophone {Music). A family of brass wind in¬ 
struments invented by M. Bax, and played by means 
of a single reed. See p. 432. 

Sc {Chem.) The symbol for Scandium {g.v.) 

Scab {Foundry). A place on the surface of a 
casting where the fiuid metal has penetrated the 
surface of the mould, forming a lump or projection, 
which may be composed either of sound metal or of 
metal mixed with sand, and consequently unsound. 

Scabbard {Arm.) The sheath of a sword. See 
Ar-mour. 

Scabbling {Build.) Roughly reducing stones (at 
the quarry) to the desired shape. 

Scabby {I'yjtag.) A term used to describe work 
unevenly printed, owing to irregular distribution of 
ink and consequent patchy appearance. 

Scabellum (Architect.) A form of pedestal used 
as a support for a bust or statue. 

BeagUola (Dee.) An imitation marble composed 
of the same materials as Mabezko { q . v .); but the 
process of manufacture is somewhat different. 

Scalar Qoantity (Phys.) A quantity which pos¬ 
sesses magnitude, but not direction, a.s distinguished 
from a Vbctob (q.v.) Mass and density are examples 
of scalar quantities. 

Scale {Drau-ing, etc.) (1) A lino (straight or 
curved) which has been divided in some special 
manner. (2) A piece of wood, metal, ivory, etc., on 
which such a scale i.-> drawn. (3) The ratio of the 
dimensions of a drawing to the corresponding dimen¬ 
sions of the actual object which it represents. See 
Scale Drawino. 

- {Music). The series of sounds into 'vhiob an 

octave is divided. Beales are of two kinds: Diatonic 
and Chromatic. The Diatonic Scale, so called 
l^cause in performing it the passage is chiefly 
through tones, is of Greek ori^n, and of two kinds or 
modes: (1) The Major mode; (2) The Minor mode. 
The MAJOR MODE consists of two Tetraohords 



SCA 


G44 


SCA 


Itavlng the same steps, viz. Tone, Tune, Bemitoue; 
nn<i are themselves separated from each other by a 
Tone. The steps therefore are; 



all the intervals being Tones excepting between the 
3rd and 4th and between tlie 7th and Stli sounds, 
which are Semitones. Because there are betneeu 
the 1st and 3rd sounds two tones (a Major 3rd), 
this mode is called the M.ajor Diatonic scale. If i: 
is taken as the starting note to form these steps, the 
first tetrachoixl will consist of C, D, E, F, the sepir- 
ating Tone reaching to G, and the second tetraehord 
consisting of O, A, B, C—all natural notes. Hence 
this is sometimes called the Natural scale. But if 
any other note than C be taken as a starting point, 
sharps or flats (y.c.) are requited; e.g. taking B as s\ 
starting or kej note, the first tetraehord is— 


I 'i'une I ! lone i ! J-.oiic | 

i! Ci D5 E 
and the second tetraehord— 


I 

i 


I'lone I I lone I | A.'li.ue I 

F; Gj Aj; b. 


Ihcse sharps and flats are placed at the beginning of 
a piece, and arc known as tlio ke}' signature. For the 
siiarps and flats necessary to each Major seale see Kky 
S iGKATLiii; (p. 332). The mSOIi MODE origini.ll.^ 
consisted of the same sounds, starling a minor 3rd 
lower, i.e. taking the sixth note a.s the starting note. 
Modem mu.sic discards this N'onual minor mode, j 
except in the eii-e mentioned below, but recoguise.s 
two form.s of the Minor mwle: (a) The Harmonic form, 
and (ft) the Melodic form, (a) The Harniouic form, 
as its u.'ime implies, is tliat employed by parts in ! 
progre.s.sing froni one chord to another, and is the 
older the two forms. It only differs from the 
original minor in having the seventh sound .sharjicned 
so as to give a proper leading note, i.r. a seventh i 
sound of the scale a seiuiioue only below the eighth, , 
The order of the steps in the Harmonic form of the ' 
minor arc; ; 



Semitone 

Tone and a half 
(nugnueuted 2na) 

Semitone 

Tone 

Tone 

Semitone 

Tone 


the minor scale came into practice, which gives the 
following order of steps in ascending : 



This, however, with the exception of the third sound, 
is identical with the Tonic major (i/.e.); and in 
ortlcr to preserve the identity of the Minor mode, the 
.steps of the upper tetraehord are altered in descend¬ 
ing to the Normal minor, the order of the steps 
being: 



The Ciihomath' Sc.tn: coii.sists cntirclv of screi- 
toucs, the octave being diviiled into twelve step.'-. 
There aio two forms of the chromatic scale, riz. the 
Harmonic and the MeloiUc, the .iifference b(>iug one 
Ilf notation only. The Ilariuonio form in the Major 
key con.sists of the .seven notes of the Slajor diatonie 
scale with the Minor Jnd, 3rd, (Uli, and Tth, and 
Augmented 4th tuMcd ; in the Jlinor key if consists 
of the seven notes of the Normal minor scale wilti 
the Minor 2nd, Major 3rd, tilli, and 7tli, and Aug¬ 
mented 4ih added. 1 i'.e melodic form of Chromatic 
scale in the Major key eonsbts of the seven notes 
of the Major scale, with the- addition of a chromatic 
semitone after the l.M, 2nd, 4th, .'Jth, and Gth notes 
in ascending, and, in descending, is identical with 
the Harmonic Chromatic scale. In the Minor key it 
consi.sts of the Normal minor sc.ale, with a s’ltirp (or 
natural) inserted after the 1st, 3rd, 4th, 6th, and 
7th notes when ascending, and having exactly the 
same notes in descending, with the single exception 
that the Minor 2nii of the key is used instead of the 
cliromatieally altered keynote. The following shows 
the different scales, taking 1) as the keynote in each 
case: 

.Major Ciatonio .Scale. 




Miriur Scale, Normal Forii:, 

:S=a. 




o- 




(ft) To avoid the awkward interval of the augmented 
second when taken melodically, the Melodic form of 






SOA 


G4S 
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Minor Seale, Harmonic Form. 


-er®-' 






rcz 




■c*-t3r 


Hinor Seale, Melodic Form. 


-cr<s>-' 
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Chromatic Scale, Hamionio Form, with Major Signature, 










i^' 




Chromatic Scale, Harmonic Form, with Minor Signature. 

te 







C2— 


Ohrouiatic Scale, MchaUr Fonii, with Mi.jor Signature. 




fV- 


Chromatic Scale, Mehxlic Form, witli Minor Signature. 




It i.s nut unusual lo find iufnrruct notation in 
oliromatio scalt's, tlic reason beitijr that at times it 
minimises the number of aceidcntals in a passage. 
The ancifiit scales of the Cfiuireh are shown under 
MOUF..S iq.r.) Seti aho Key and Key Rionatubbs. 

Scftle (Trade Tervi), (1) Material formed on the 
surface of an object, e.if. oxide fornit'd tin wrought 
iron during forging. (2) Material which has been 
carried into boilers or tanks suspended or dissolved 
ill the water, and has been dejMisited on the walls or 
{dates of t he ve.ssel. 

Beale Board {.I'ypog.'s An obsolete term describ¬ 
ing a material formerly usetl for obtaining accurate 
register (y.r.) ].cads ami thin strips of cardboard 
are now generally ernploj ed. 

Scale DrawiniJ. Drawing an object to .scale ineaii.s 
making a drawing in whioli all the dimensions are 
altered in the sumo proportion; the ratio of the 
ac.tuul size of the drawing to the actual dimensions 
of the object is termwl the RF.pnESBNT-4TiVE Fbac- 
TION, or the ScALF., of tlie drawing. 


Beale of Hardnen {Min.) ike HABDHiisa 

Seale, Thermometric {HeatX The division iiito 
convenient intervals, termed Degbebs, of a known 
difference of temperature. This difiEerence is in 
practice that between the freezing and boiling points 
of pure water at normal atmospheric pressure. In 
t he scale used in scientific work, the Cbntigbadb 
Scale, the two fixed points, as the above two tem¬ 
peratures are called, are marked 0° and 100° respeo- 
I lively; in the English, or Fahbbxhkit Scaeb, they 
are marked .32° and 212", and in the ReAUHVB they 
are marked 0° and 8(P. Thus lOO'* Centigrade cor- 
re.sponds to 180° Fahrenheit and 80° K6anmur. For 
I conversion from one to another it is convenient to 
] use the following formula, in which F denotes the 
I reading on the Fahrenheit, C the Centigrade, and B 
• the RfSanmur scales ; 

i V _ :j2 = = ?R. 

I h 4 

I Sealing ate.) Removal of scale or deposits 

; from a surfa(;e, e.g. from the inner surface of the 
plates of a boiler. 

Sealing Hammer iUng.) A hammer with a sharp 
edge, used for Scaling (^r-r.) 

Scandinavian {Tgpog.) A printing machine of 
! the platen jirinciple. 

Scandium (Client.) Re. Atomic weight, 44. A 
I very rare metal amurring in gadolinite and euxeniic. 
j The metal has not been obtained. Oxide, ScjO,, a 
j white infusible ^wder. Sulphate, Sc,(BOAj, forms 
i a double salt with potassium sulphate. Rpectrum 
! (spark) is characteristic and \ery comjilex. The 
, existenec of scandium was predicteil by MendeleelT, 
: and he gave it the name Ekaboron. 

Seantling (i7»(7<f., c/r.) (1) A sample or pattern, 
j i.e. a small quantity. (2) The dimensions of certain 
I building materials, e.g. timVsir, stones, etc., as re¬ 
gards lengt li, breadth, and thickne.‘'S. (3) Timber less 
than .'i ill. square. 

Seapolite (Mhi.) A ealcinm-alnmiuium-sodium* 
elilorosilicate. ConipoMtion variable. Tetragonal; 
colour white, grey, or j>ale blue or green. It is chiefly 
I found in metainorphic rocks, cspecialh in those of 
' calcareous origin. From Scandinavia, Finland, 

' Orecnlanii, and Xorth America. 

Scapula (Zool.) The shoulder blade; it is the 
principal member of the series of structures termed 
the Riiout.df.u GiBnr.i;. to which the fore limbs of 
an animal are attacheil. 

Scapular, Scapulary ( Co$t.) (1) A narrow band of 
cloth worn across the shoulders and reaching almost 
, to the. feet. It forms jiart of the dress of certain 
; religions orders. (2) A monastic hofsl and cloak. 

Scarab (-1 rc7i/»«7.) A gem carveti on one side in 
; the shape of a scarabaeid beetle, and on the other 
I side engraved as a seal; used by the ancient Egyp- 
\ tinns as a seal and amulet. 

Scarf Joint (Carp.) This term is applied to a 
variety of longitudinal joints between timbers (i.e. 
timbers fixed to each other in the same straight line). 
The essential characteristic of the joint is that the 
I two members overlap, each being cut in some special 
I iimnnor, as di.stingui.-shod from a butt joint, in which 
there is no overlapping. Tiiere is a great variety 
' of scarf joints, differing in the form given to the ent 
Mirfaces and in the manner of wedging or keying np 
, 1 ho joint. 

Scarp or Escarp (Her.) A diminutive of the 
' bend sinister, and half its width. 
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Boara((7(«M. Teeh.) ThecIiDkers(cbietiy sulphide 
of iron) which form in pyrites burners during the 
combustion of pyrites for the generation of sulphur 
dioxide in the manufacture of vitriol 

Beauper (JBngrav.'y (1) A tool used in wood 
engraving for cutting away the spaces between the 
lines. (2) A tool u»ed by line engravers. See En- 
GBaviNG AND ETCHING. 

Beene (Arf). (1) A iandscape or view. (2) One 
of the divisions of an act of a play. (3) A ecroen or 
curtain suitably painted to form tlie background for 
the action of a play. (4) The stage with its sur¬ 
roundings. 

Bcheele’s Breen. Used as a pigment, though its 


sent, the rock may become a biotite schist or a 
hornblende schist, as the case may be. Some 
modifications arise through the temperature pre¬ 
vailing where the schist was in process of formation. 
Subsequent changes prodnoed by (I) a later rise of 
temperature, (2) bydrometamoimhism, may affect the 
character of the schist. Thus, if the ferromagnesian 
silicates are hydrometaraoiphosed, tl>e rock maj 
become a Chlorite Schist. 

Bchistose Btnutnre (Geol.) See Schist. 

Bchleifer (Mnsia). See Obnaments (6), p. 479. 

Behnell (Mutio). Tl)c German term for quick, as 
Mdung sehnell, m^cmtcly quick. The comparative 
is Schwller, 


poisonous nature has gradually prevented its use on 
wallpapers, it is arsenite of copper. Insoluble in 
water. Obtained by adding a soluble salt of copper 
such as the sulphate (blue vitriol) to a solution of 
potassium arsenite, when the pigment is precipitated. 

Bcheelite (itf/a.) Calcium Tungstate, CaWO^, 
containing 70 to 80 per cent, of Tungstic acid. 
Tetragonal andhemihcdral, occurring in lustrous sliort 
pyramids in variou.s shades of yellow and brown. It s 
density is liigh, 4'6 to 60, Jtrittlev Named after 
Bcheelc, the Swedish c'hemi.»t, who first discovered 
Tungstic acid in this mineral. From Brand}' Gill and 
Mosedale in Cumberland, t'ornwall and Devonshire, 
Bohemia, Saxony, Utiugary, etc. Valuable as a source 


Bchneller or Bchnelser (Music). See Mobdentb, 
p. 413. 

Behoole of Paioting. See Painting, Schools op. 

Bchorl (Min.) A black variety of Tourmaline 
(q.v.) It is the commonest variety,and is a common 
mineral in plutonie and metamorpliic rocks. 

Bchweinftirth Oreen. Sometimes called Imperial 
green. A somewhat obsolete pigment. It is an 
aceto-ar»enite of copper obtained by adding acetate 
of copjier solution to arsenious oxide (white arsenic) 
in water. 

Bchweitzer’s Reagent (Chem.) A solvent for 
cellulose. See Celh;lo8E. 


of Tungstates. 

Beherzando, Beberzoso (Mvsic). In a playful, 
jesthd manner. 


I Boiagraph. The plan of a building drawn iu 
j vertical section so as to afford a view of the internal 
! structure. 


Bcherzo (Music). A composition of a playful 
cbsiracter. j 

Bohlffii’Reagent (r/i«M.) A solution of magenu , 
decolorised by sulphur dioxide ; it gives a violet 
colour with many aldeliyflcs. See Uosaniline. I 
Behizt (Oeol.) The term schist is applied in j 
Franco and Italy to any rocks which are fissile or 
split readily into thin slabs. The term is there used 
without anj' reference to the bI^tory of tlie rock, so I 
that what would be called 8halc, Plate, Shiver, *>r ; 
Blaes in Britain, as well as flagstone.s and also sluU‘.» ' 
of all kinds, would there be termed Schist. Here, ' 
however, the use of the terra is restricted to sncli 


- (Uleet.) A synonym for ItADiOGEAPH, a 

photograph taken by the llontgen Bays. 

BclagPaphy. (1) In astronomy, tlie method of 
ascertaining the time by observing the shatiows due 
to the sun, moon, or .stars; dialling. (2> In art, the 
correct rendering of shadow’s: shading. 

Bcienoe. “ The clas.sirication of facts, and the 
recognition of their sequence and relative signi¬ 
ficance " (Karl Pearson), 

Bcimitar (Anns). A carved sword with the 
cutting edgt! on the convex side ; a weajwn jjcculiar 
to Oriental coimlrie.s. 


rocks as split iu certain definite directions in conse¬ 
quence of the development within them, by meta- 
morphic causes, of some scaly silicate, such as mica 
or chlorite. Sciiistose structure i.s, in this sense, 
always a result of dynamic melamurjthism. Any 
rock may be rendered schi.stove if it is subjected to 
powerful earth movements, operating at great deptlis 
below tbe surface and of such a nature as to give 
rise to a shearing movement, or flow', of one part of 
the rock over the next immediately below it. It is 
probably a result of continued physical and chemical 
changes in which a high temfKnature an<t tbe pre¬ 
sence of water arc factors of considerable imiwrtance 
in bringing about the metamorphic change, fcichi8to.se 
structure may be developed in any kind of rock, 
ihougb the term schist is usually understood to imply 
tbe absence of any layers or bands containing much 
crystalline felsjrar. A rock of this latter kind would 
be termed a Gneiss (q.v.) The mineral character of 
a schist necessarily varies with that of the original 
rock affected. Thus, if potash felspar is originally 
present, as is the case in tlie urkoses of the Torridonian 
Rocks, Muscovite is found at the expense of the 
felspar, and the rock becomes a Muscovite Schist. 
If some original ferro-magnesian silicates are pre¬ 


BcintiUation. An expreasion of no very exact 
signification, e.g. the throwing off of sparks by a hot 
object, or an apjiearancc of the same kind in the case 
of a brightly luminous or illuminated object. 

Beintillation of Btars (Astron.) The light of 
stars when near ti.o horizon docs not appear steady, 
but Kcintillalcs or twinkles. This is a purely utino- 
spberic phenomenon. 

Bololto, Boioltamente (Music). Freely; tbe ex¬ 
pression is synonymous with ad libitum (q.v.). 

Bolennchyma (Botany). Tbe term applied to 
thick walk'd, lignifiod cells met with in plants. The 
function of the tissue is to give support 

Beonce ( furniture, etc.) (1) A bracket fixed to and 
projecting from a wall, and intended to bold a light, 
generally a candle or candles. (2) The reoept^le 
for holding the candle in an ordinary candlestick; 
the term is also applied to the brim which surrounds 
the receptacle. 

Beoop Wheel (Eng.) A wheel resembling a water 
wheel, turned by jiower, and employed for raising 
water from a lower to a Ughcr level; used occasion¬ 
ally in drainage and irrigation work. 
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Boove (Jfutiff). Two or more staves braced together, 
so called from the bars being “ scored ” through the 
set of staves. Score is of five kinds: (1) full or 
orchestral; (2) vocal or open; (3) short or com* 
pressed; (4) pianoforte or organ score; (6) supple¬ 
mentary. (1) In a full score each part or set of parts 
of the orchestra (and voices, if any) are displayed 
on a separate stave. The various instruments axe 
generally arranged in groups, e.ff. the “ Wood wind,” 
the ‘'Brass,” the “Strings,” the “Percussionbut the 
order of the ^ups varies considerably in different 
scores. It will be impossible to give more than one 
arrangement here: 

FI. Picc. (Piccolo) 

Flauti (Flutes) 

Oboi (Oboes) 

WW J *Corno Inglese (Cot Anglais) 
irooa totna ^ Marinetti in B (or A) (Clarionets) 

*Clar. Basso (Bass Clarionet) 

Fagotti (Bassoons) 

^•Contra Fagotti (Double Bassoons) 

Comi 1, 2, in . . . \^Tioms1 
Comi 3, 4, in . . . /t“o™8) 

Trombe in , . . (Trumpets) 

•Troniba Bassa (Bass Trumpet) 
Trombone 1* 

Trombone 
Trombone 
•Tuba 

Tymjiani in . . . (Kettle Drums) 
Piatti (Cymbals) 

Triangolo (Triangle) 

Arpa (Harp) 

Viol. 1 (1st Violins) 

Viol. 2 (2nd Violins) 

Viola 


Brim 


PercutnioH 


Stnngs 
(part of) 




or combined on one 
or two staves. 


Sopiano 

. I Alto 
io,ee» \ 

Bass 


jSfriWf/* f Violoncello | 

(part of) \ Basso (Double Bass) ^ 

(>rgan ! 

In military band scores the following instruments (or ‘ 
some of them) will be found, arranged somewhat in I 

this order: | 

Piccolo in 

Flute in (or together on one stave); 

Clarionets' 

Oboes; 

1st B-r Clarionets; 

2 nd B) Clarionets; 

3n1 aiid 4th BJ 7 C^rionets; 

Tenor Clarionets in £ji; 

Bass Clarionets; 

Saxophones; 

Bassoons; 
ist Comets; 

2nd Comets; 

1st and 2nd Horns; 

3ri\ and 4th Horns (or Saxhorns) ; 

Baritones; 

Trumpets ; 

Trombones ; 

Euphonium; 

Bombardons (String Basses); 

Bide Dram ; 

Bass Dram; 


* Thow iiutraiu«Dts aro li 


Cymbals; 

Iriangle; 

Carillon. 

For examples of notation of all these instruments, 
see Musical Ihs'cbuxbxts (pp. 426-446) and 
TSANSPOsition. (2) In vocal score Mch voice is 
written on a separate stave, with the proper clefs. 
Tlie soprano clef, however, is seldom used now; In 
fact, the majority of modem music has the Q clef 
for the soprano, alto, and tenor staves. In this 
case the tenor part is written an octave higher 
than it is sung. jSUxlern vocal score ^erefore appears 
thus: 



Bass. 


(3) Short score has the soprano and nlto parts 
written on the treble stave, the soprano notes having 
the tails turned up, and the alto notes with the tails 
turned down, and the tenor and bass parts on the 
bass stave, the tenor notes having the tails turned 
up, and the bass notes with the tails turned down. 
Short or compres.sed score is also applied to orchestral 
works written on two staves only for performance on 
the organ or pianoforte, and very often having only 
the principal parts in full. (4) Pianoforte music is 
written on two staves, viz. the treble and bass braced 
together as in short score. Organ music is generally 
written on three .staves, thus: 


Manuals. 




Pedals. 


In older music the organ, harpsichord, or pianoforte 
part of a vocal composition was printed on a single 
stave with the figuring of the chords. This was 
known as figured bass. The following examples 
show the beginning of the quartet from Forcell’a 
anthem, “ O ^ve thanks,” firstly, in vocal score vrith 
the figured bass organ ;)art; and secondly, in short 
score with the organ part, as it should he played. 

n freqnently met with. 
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EXAMPLE OF SHORT SCORE WITH ORGAN ACCOMPANIMENT. 
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q 5) Supplementary ttuore is an arrangement for 
oertain instruments, such as the ** percussion ” or 
trombones, placed at the end of the ^11 score, when 
owing to lack of space it is found impossible or 
diiilcnlt to print them on the one page. See alto 
Clef, Stave, and Tbaesposing Instbembnts. 

Booria {GeoL) A general name for the larger 
fragments of v^icular lava ejected from a volcano 
daring explosive etnptions. But an eruptive rook is 
said to be sooriaoeous if it happens to bo full of 
vapour cavities so as to resemble a sponge. 

- etr.) (1) Slag of a cindeiy character. 

(2) The recrement of fused metals. 

SeorifleatioB The addition of lead to 

copper which is required for rolling into sheets; the 
term refers to the production of scuriee, which occurs 
on the surface of the fluid metal. 

Bootch Dressing {Cotton ifanu/ac.') SecDasaaiyta, 

Bootoh Pig Iron {Met.) Iron from the Clyde di.v- 
tricts, cuiefly made from black band or clay ironstone; 
it is much used for ordinary foundry work. 


which aims at a good appearance only. The irregu* 
larities of the surface are found by rubbing a film of 
red lead and oil on a Sbbfacb PLATB (^.e.) or on an 
already finished surface which has to make a fit with 
the one being operated on. On placing the two 
surfaces in contact, patches of red lead appear on 
the projecting portions, and these are cautiously 
rmnoved by the scrupor, and the test is repeated. 
The process is slow and laborious, but the results 
which can bo obtained in this way are marvellously 
accurate, and cannot be approached by any other 
method in engineering work. 

- {Joinery, etc.) Bmnothing tho surface work 

with the Scbapbb (y.n) preparatory to final 
liiiishing, varnishing, etc. 

Scrap Iron or Scrap {En/j.) Old iron, whether 
cast or wruiigiit. I'ho former is re-molted along with 
fresh pig iron for f<mndry use, and the latter can be 
re-welded if of sufficiently good quality. 

Scrap Steel {Mtit.) Scrap steel is added to the 
charge in <'ertain processes for the production of 
steel, e.g. the Open Hearth and Siemens Processes 


Scotch Snap {Mime). The peculiarity of a short 
note preceding a long one in Scotch melodies, 
especially the strathspey.s. 

Sooteh Tuyere {Met.) A Tuyebe (y.v.) cooled by 
water circulating in a pipe coiled round the tuyere. 

Scotia {Architect.) A hollow moulding frequently 
used in the bases of columns in Oreek, Homan, and 
licnaissance architec¬ 
ture. It separates the 
two torii in the Attic 
base. It is also known 
ns a Tronhilus, and a 
similar moulding used 
in Gothic architecture 
is known as a Case¬ 
ment or Casemate. See 
Attic Base and Case- 

.. . bCOTIA. 

MATE. 

Boourlng. Cleaning hy rubbing with sand utul 
water or dilute acid; used in tin plate manufacture. 



Scratched Figure* {Typog.) Figures with a line 
drawn diagonally across the ^’:e, as 1,1^, : used in 

mathematical works. 

Scree (fl'caf.) AVcSceeks. 

Screed {Planterhig). (1) A narrow line of plaster 
laid to the desired thickne.ss, and when hard u.scd as 
a guide for the floating rule. (2) A narrow ground 
of wood fixed as a guide for plastering. 

Screen ( Carp, and Join.) Framing, either psinellcd 
or having the upi>er part glazed; used a.s a partition. 

- {Lantern Horft). A flat white surface, 

cither opaque or tran.sparent, according as the 
lantern is placed in front of or behind the screen. 
The former method is much tlie better. In this ca.se 
tho best screen is a surface coated with dead wliite 
plaster; a whitewa-ohed wall is perhaps ne.vt best; 
then a good paper faced scrt'cn. The common linen 
screen is far too transiuireat, but owes its popularity 
to its portability. 


- {Leather Manyfac.) The scouring or cleaning 

of leather after the rough tanning has been done, 
arid previous to polishing and fini.'<hing. Scouring 
may ije effected by Itand or machine, with brush, 
stone, brass, or steel tools, or by rotating the leather 
in a drum with sumach. 

- {Woollen or Worsted Maeiufac.) This term 

relates to the washing of wool, yam, and cloth, the 
machines for each being entirely different in con¬ 
struction. 


-, Electric. A closed conductor within which 

a pie<‘<i of apparatus (^e..g. an electroscoiH.') can be 
))Iaced in order to protect it from external electrical 
influences, A fairly effective screen may be formed 
by metal gauze or c\eu by a wire cage. 

— , Magnetic. A close<l or nearly closed case or 
cover Ilf thick iron for protecting magnetic apiiaratus 
from external magnetic influences. Tho shielding 
effect is never as complete as in tho c>jrresp«nding 
case of an electric screen. 


Semper {Bind.) A steel implement used for 
scraping the edges of books in order to secure an 
even surface tefore gilding or burnishing. 

- {Eng.) The tool used in Sceapino and 

SunFACWG metal It usually consists of an 

old file ground to a sharp edge of convenient shape. 

- {Joinery, etc.) A flat blade of steel used in 

smoothing a wooden surface. The edge is usually 
ground and set at a riglit angle, and a smooth piece 
of steel is drawn along it in order to produce a 
wire edge or burr, which serves as the actual cutting 
edge. 

Scraping {Eng.) The final process of preparing 
an accurately plane surface where a very good fit is 
essential: totally distinct from scraping woodwork, 


-, Methuen’s. iSl?^ Mkthbbk Scbeen. 

-, Photozincographic. See I^ocbsm Wobk. 

Scree* ( Geol.) A term originating in the north of 
England, but now used elsewlierc, and applied to the 
long trains of rock fragments wliich strew the slopes 
of a hill below a crag, and which are due to the 
weathering of tho rock which forms the crag. In 
most cases they represent the amount of disinte¬ 
gration of the parent rock since the close of the 
Age of Snow. 

Screw. If a helical groove be cat on a cylindrical 
(or conical) object a Hcbew is prodaced. The por¬ 
tion of the original material which remains between 
the parts cut away in forming the groove is termed 
the Thbead of the screw. The distance between 
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consecutive tnros of the thread is termed the Pitch 
of the screw. The Depth op the Thbbad is the 
depth of the groove; the Fobh or the Thbead is 
the shape of its cross-section when cut by a piano 
passing through the axis of the screw: if the groove be 
rectangular in form, a Bquabe Thbead is produced. 
See also Scbew Thbeads, The catting of the groove 
which forms, the thread produces a new surface of 
peculiar character, which forms the sides of the 
thread; this is known as a Scbew Subface, and 
may be considered (matbematiculiy) to be pitKlnced 
as follows: Let a fixed straight line be taken to 
represent the Axis of the screw, and let another 
line, termed the Genebatino Iakb, intersect it at a 
constant angle. Then if the generating line rotate 
uniformly about the axis, and at the same time the 
point of intersection move uniformly along the axis, 
the surface generated by the motion will be a Bentw 
Surface. The pitch of the screw surface will bo the 
distance which the point of iutciscetion moves along 
the axis daring one revolution of the generating line. 
If two (or more) grooves be cut round the same 
cylinder, parallel to each other, a Two-Thkeaded 
(or McLTiPiiE-'J'HBEADEO) HCBEW is produced. A 
screw nsuallj' turns in a NuT, an object having a 
cylindrical liole provided with a replica of the 
screw thread, into which the scrow fits smoothly. 
A single turn of the screw relative to the nut causes 
a relative longitudinal movement between the two, 
equal in amount to the pitch of the screw. Screws 
in practice arc usually of metal, wood being employed 
in a few instances only, c.e,. for carpenUTs* bench 
vieej^, wood clamps, etc. Metal screws arc cut by 
stocks and dies, screw cutting lathes, screwing 
machines, etc. (g.v.) The nut is formed by t.’ps 
(y.f.) or by a latiie or machine. The process of 
catting scri'ws hy the use of a chaser (g.v.) was once 
common, but is now almost obsolete, except in 
some kinds of light work, e.ff. the formation of a 
thread on a thin tube, such as is used in some optical 
instruments. The uses of screws arc readily classified 
under two heads: (1) As a mctiiis of fastening {e.g. 
wood screws, holts and nnts, etc.); (2) as a means 
of producing regular linear motion (e.g. the leading 
screw of a screw cutting lathe, in a screw jack, 
screw gauge-, etc.) 

Screw Barrel (A’»y.) A c.vlindric.al roller or drum 
having a helical groove («ea Bobew) cut in its surface 
for the reception of a chain which is wound up on 
the drum. 

Screw Blade (A%.) The blade of a Scbew 
Pbopellbb (q.v.) 

Screw Bolt (A%., cic.) An ordinary Dolt (</.n.) 

Screw Chase (Tyjmg.) Screw ebasea arc used 
chiefly for newspaiier work. The type is secured hy 
the action of set screws instead of quoins. 

Screw Chaoing iAhg.) Cutting screws by hand 
with a Chasieu Tool, a flat bladcd tool having 
teeth corresponding to the form of thu thread. This 
tool is moved along the top of the rest as the work 
rotates in the lathe. Dy properly judging tiie rate 
of motion a screw thread can be cut with fair 
accuracy. 

Screw Clamp (Join., ete.) A device for bolding 
the parts of a piece of work in place or for forcing 
them into position. Tho requisite pressure is applied 
by means of a screw. The tool may bo mMe of 
cither wood or metal, 

SoTCW Competing Stiek (Tymg.) A form of 
composing stiok in which the slide is secured by 


means of a screw and slotted nut instead of by a 
spring. See Ttpoobapht. 

Screw Catting (J!ng.) This term is usually 
applied to the catting of screws in the SOBBW 
CUTTINO Lathe (q.v.) Screws are also cut by 
Ohabino, by Stocks akd Dies, and by Scbewieci 
Machines (a.v.) 

Screw Catting Lathe (Eng.) A lathe in which 
the slide rest cjirryiug the cutting tool is made to 
■ travel along the bed with a uniform velocity, which 
is duly proportioned to tho rate of rotation of the 
work in the lathe. This “ travel ” is obtained by tho 
Leading Scbew, a square threaded screw actuating 
a nut fixed to the slide rest. The rate of rotation 
of the screw is govemerl by a train of Change 
Wheels, connecting the Leacling screw to the man¬ 
drel of the lathe. The wheels arc so chosen that the 
tool travels through a distance equal to the PITCH of 
the screw (see Scbew), while the mandrel makes one 
revolution. 

Screw Dies ( Eng.) See Stocks and Dibs. 

Screw Driver. The tool used for driving in or 
ilravviiig out screws which are provided with a slotted 
bead, whether in wood or metal work. The blade is 
often made broad, in tmler to give stiffness; but a 
circular.section, of diameter not exceeding that of 
the screw head, is preferable. The handle should be 
brosvd, to afforl effective leverage. 

Screw Driver Bit (Carp., Eng., etc.) A screw¬ 
driver blade made to fit a Bbace (q.v.) 

Screw Feed (Eng., ite.) Mechanism in which the 
feed of a cutting tool, or slow motion of any other 
part, is obtained by a screw and nut. 

Screw Gauge. An instrument for measuring the 
length or diameter of small objects with accuracy. 
A well cut screw, whose pitch is exactly knowjj, 
turns in a nut fi.xed to the frame of the instrument; 
u stop is attached to the latter in line with the axis 
of the screw, so that by rotating tlic scicw, a gap or 
o]jeiiing of any desircci width (up to the limit allowed 
by the dimensions of tl e iu.«.trtiment) may be formed. 
The object to be measured is placed in this gap, and 
the serevv atlju-«ted till the object fits exactly, with¬ 
out sliuke, between tl e stop and the end of the screw. 
The exiU't disUvnee between the two latter may be 
read off on a scale engiavei.1 on the apparatus. 

Screw Gearing (Eng.) (1) Worm gearing (q.r.) 
(2) Gear wheel." whose teeth are not at right angles 
to the plane of the wheel. The teeth in this case 
may form portions of screw threads; such gearing is 
useful fur connecting two shafts making an angle 
with each other. 

Screw Head. The top part of a screw, by means 
of which it is turned. It may be cither SLOTTED, as 
in wood screws, or Sqdabe, Hexagonal, etc., to fit 
a spanner or key, or Milled to enable it to be 
turned by bantl. 

Screwing (Eng., etc.) (1) llie cutting of screw 
threads. Applied especially to cutting threads by 
means of dies worked either by hand or by a 
SCKKWINO Machine (q.r.) (2) Itirningascrew or 
nut in order to cause it to advance or recode. 

Screwing Machine (Eng.) A maohine usually 
resembling a lathe in form, by means of which a 
succession of similar screw threads can be rapidly 
cut on the ends of bolts, rods, etc. The rod may 
pass through a hollow mandrel,and the dies be fixed; 
or the dies may rotate in jaws fixed on tlie mandrel. 
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and tlie \s'ork \ie held in a slide rest. The former 
method is. adopted when a number of similar screws 
are being made from one length of rod. Various 
tools for cutting and finishing the screw, as well as 
the screwing dies, are fixed in a Tubbbt (y.r.), and 
can be caused to act on the work in succession. In 
some machines the whole of the operations are made 
automatic, when one workman can attend to a 
number of machines. 

Screwing Tackle {EngJ) Stocks and Dies, Taps, 
etc. (?■».), used in producing screws by iiand. 

Screw Jack iUhtp.) A portable device for raising 
heavy weights through a small distance. It consists 
essentially of a vertical screw working in a nut 
supported on a suitable frame or body. The screw is 
turued by force applied at the end of a lever handle 
or bar, which is put through a hole in the head of the 
screw; the screw rises slowly, exerting very great 
lifting force. 

Screw Key (A'wy., /ie.') A Spankeh (q.r.) 

Screw Mandrel (is%.) ATuavebsing Manduel, 
(q.r.) 

Screw Micrometer. A piece of apparatus for the 
-accurate measurement of small distances, based on 
the motion of a screw. A Kcbbw (.Iauge is a form 
of screw micrometer. 

Screw Nail (Carj>.) An old and somewhat mis¬ 
leading term for a Wood Scbew. St-e Scbew. 

Screw Pile (Oivil E>ig.) A Tile (y.e.) with a 
screw at the lower end. It is driven into the ground 
by rotation instead of by blows from a falling weight. 
See Screw. 

Screw Plate (Eng., etc.) A hard steel plate 
forming a number of dies for cutting small screws. 
Screwed holes are made in the jdatc, and very often 
sluts are cut in opjHjsite side.s of the hole, so a.s to 
form cutting edges. Screw plates are inferior to 
Stocks axd Pies (y.e.), which are ii.sod for larger 
work. 

Screw Press. A device for exerting pressure by 
means of a powerful screw, which aet.-. on the ol.joct 
to be cornpressefl. 

Screw Propeller {Eng.) Often termed a Screw or 
a 1‘ropeller. It consists of a central Hub or Hoss, 
mounted on the propeller orsciew shaft which projects 
from the stem of the ve.sHcl. From this bo.ss project two 
(or more) Blades, which form parts of two modified 
screw surfaces. Screw. Tlie propeilcr isusually ; 
made of Manganese Bronze (j'.r.), ami msiy cither be 
east in one piece, or the bladi’S may 1)C attached 
.separately to the boss. Two screws are often used j 
in modern vessels, one being placed on each side 
of the keel p<jst.; this arrangement, tevmeil Twix 
Screws, necessitate.s, of conr...e, the fitting of two 
engines and propeller shafts, which arc completely 
independent of each other. 

Screw Shaft or Propeller Shaft ( Kng.) Tlic .«tcel 
shaft which cutnmaniuatus the motion of the engines 
to the propelhir of a steamship. It is carrietl on 
hearings rigidly fixed to the lower part of the framing 
of tlie vessel. The longitudinal force on the shaft is 
balanced l»y a Thbust Block C? ® ) The shaft and 
its hearings run in a tunnel, along whicit a man can 
jMiss in order to examine and lubricate the bearings. 

Screw Stock ( Eng.) See Stocks and Disa 

Screw Surface. .SVr Screw. 


Screw Tap {Eng.) A Tap (^.n.) for cutting an 
internal thr^al. 

Screw Threadi (Eng., eta.) The threads of screws 
vary in two particulars—form or shape, and pitch. 
The form of a thread is the shape of its cross section; 
this is usually square, rounded, or angular. The 
top and bottom of an angular thread are rounded 
in the case of the usual English type, known 
as the Whitworth Thread; in the American 
Standard Thread they are flattened. These two 
forms of thread are shown in the figures. Fig. 1 
shows the section of the Whitworth Thread; the 
angle is 65®, and the ttip and liottom are rounded 
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off to one-sixth of the depth. Fig. 2 siiows the 
American Standard Thread, the angle being 60®, and 
the top and bottom being flattened. The width of 
the flat in each case is ouc-cighth of the pitch of the 
screw. The pitches of the principal threads are as 
follows: 

(1) W’HITWOBTH ThUU-XDS. 


Diameter ] No. of thrciuL. 
in Incbee. ]>er iocli. 


i 

s 


1 


20 

16 

12 

11 

10 

0 


(‘2) (lAS TriRKAILS. 


Diameter in inelxw 


Diameter No. of tlireodn 
in inclwii. lier liicii. 



I 


No, of thi<vul< |iei inch. 


I and I 
i and | 

1 ami uTwards 


I'J 
M 
11 


(3) American Standard Thread.— The pit«;h 
follow.s very closely the Wliitworth Thread given 
a bo w. 

(4) British A-ssociatiox or B. A. Threads.— 
A standard for small screws used in electrical and 
other scientific work. The different sizes arc nuni- 
beretl a.s follows: 


XumlMsi. 

Diameter in 
noHiiiietreH. 

Pitch in 
iuilliiiielie<<. 

O 

60 

10 

1 

.I-:! 

•9 

2 

4-7 

■81 

3 

41 

•7.1 

4 

3Ti4 

•66 

r, 

3-2 

•.->9 

6 

2-8 

•53 

7 

2’« 

•48 

8 

2*2 

•43 

9 

1-9 

•39 

10 

1-7 



(5) International Standard Thread.—T his is 
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also a millimetre thread, recommended an Inter- 


national Congress in 1898 

lUunxiter in luilliiuetreH, 

Pitch in niilhniotnis. 

a and 7 

1-0 

8 and 9 

1-25 

10 and 11 

1-6 

12 

1-75 

14 and IG 

20 

18 to 22 

26 

24 to 27 

3-0 

.SO to .sa 

3-5 

36 to 39 ' 

40 

42 to 46 

4-6 


Screw Tool ^ “bde rest tool whoMi end 

is formed to correspond to the groove cut in forming 
a screw thread ; it may bo square, V-shaped, etc. 

Screw Wrench {Eng.) A Spasneh {q.v.) with 
jaws whose distance apart can be adju.sted by means 
of a screw, to fit different sized nuts. 

Scribe, Boriber, or Scribing Iron (Eng.) A tool 
having a sharp point or edge, used for marking lines 
on metal or wood. 

Scribed Joint (Carjt. and Join.) St-e Scribinq. 

Scribing (Eng., Varp., etc.) (1) Marking lines on 
metal, wood, etc., preparatory to cutting the material 
to any required form. (2) Cutting the end of a 
piece of moulding to the profile of another piece, so 
1 hat the two may fit closely together : e.g. tlie bars 
of a window sash arc generally scribed at their ends, 
where they meet another bar or the frame of the 
sash. The mouldings thus intersect eardi other 
exactly : but there is no weakening of one member 
such as would be produced if the joint were mitred. 

Scribing Block (Eng.) A .support catrying a 
scribe, winch can be fixed in various positions. The 
base <if t.he supjwrt or block is usually an accurately 
{dant! surface which is laid on a Kurfacr 1’LATK 
(y.r.) If the bhtek be moved about on the surface 
plate, the point of the scribe moves p-irallel to the 
[)lalc ; hcnct; lines can be marked on a piece of work, 
so ns to be accurately parallel to a face of the work 
which rests on the surface plate. 

Scribing Gouge ((’arp. and Join.) A gouge whie.i; 
has the bevelled tslgcs oil the concave side; a PARiSi! 
(lOUUJ)!. Useil by j lincrs in making a scribed joint. 

Scrim (Dor.) Thin canvas used for covering bat¬ 
tened walls before jiapering. 

Berinium (ArcJurol.) A case, generally cylindrical 
in form, used in early times for holding w’ritings, etc,, 
r.g. parclimeut rolls.* 

Scrip (Arrkanil.) A wallet or jiouch such as was 
carrieil by pilgrims. Used in Tleraldry ns a charge, 
often in conjunction with a pilgrim’s staff. 

Script (TgjMg.) The name of a style of type 
imitating writing. 

Scroll ( Carp, and Join.) The ornamental curved 
end of a handrail. 

- (Dee.) An oniaraent formed by a spiral or 

involute curve. 

Scroll Chuck (Eng.) A Self Cektbbikg 
Chuck (q.v.) 

Scroll Moulding (AroliUoef.) 

A Gothic moulding character¬ 
istic of the Decorated period 
and consisting of two half 


rounds, the upper one projecting slightly beyond the- 
lower. 8oe algo Botti Moulding. 

Scroll Opener (Teastile Mannfae.) The appliance 
used for keeping the cloth fully stretched in the- 
process of scouring. It consists of a pair of scroll 
rollers and a tensioning frame for keeping the cloth 
in the centre of the.main rollers of the scouring 
machine. 

Scrubbers (Qag Manvfao.) See Gas Maku- 

FACTURK. 

Bemtoir (Fumitnre). A writing desk with a 
hinged flap or door which, when open, forms a table 
for writing upon; an escritoire. 

Scudding (Leather Manufar.) Bemoval of the 
Scud, a term applied to the impurities, such as fat 
glands, hair roots, pigment cells, lime salts, etc. 
This is done in the wet state by working the skins 
over a beam with a blunt knife or a slate while in 
the limed or “ puored ” state. 

Sculls (Met., ete.) Skins of metal, slag, scale, 
etc., wliich form on the inside of foundry ladles, and 
remain after the fluid metal is poured out. 

Sculpiit (Engrav., etc.) This Latin word, placed 
after the name of an individual on an engraving or 
on a piece of statuary, indicates the engraver and the 
sculptor respectively. Abbreviation, sculp, or gffulps. 

Sculptor’s Varnish. See Vabnishes. 

Sculpture, Schools of. The history of sculpture 
can be canied back much farther than that of 
painting, because the permanency of the materials 
used by sculptors has made possible the preservation 
of many works executed in very remote ages. It 
liegins really with t!ie scratched and chipped bones 
which represent the tentative efforts of prehistoric 
man, but it.s continuous record starts more than 
thirty centuries before the Christian era in that 
CRidle of tlic arts, Egj-pt. The earliest known 
Egyptian Kculptubes suggest by the accuracy of 
their convention, and the technical skill that they 
reveal, a long jireparatory period of which no traces 
now remain. The greater merits of the existing 
examples arc the true understandiug of indixidual 
character which di.stinguishes the works from nature, 
and the dignified sense of design which even the 
formalities of the stylo chosen do not entirely 
rlisgui.se. Contemporaneous with the later Egyptian 
school was that of Assybia, which produced the 
great winged bulls, the exquisite bas-reliefs of 
minting scenes and other incidents in the life of the 
jieriod, and the repre.sentations of kings and digni¬ 
taries, wliicli are all justly reckoned among the most 
memorable instances of the art of sculpture that the 
ivorltl has seen. We have in the British Museum 
several of the best of these carvings, and there are 
others of much imixirtance in the Louvre. The next 
development was that of the Gkeek School. This 
began in a primitive fashion as early as i(K)0 B.C., 
and its archaic stage histcrl for nearly five hundred 
years. Then came a brief transitional period, which 
'was followed iniiucdiately by what i.s known as the 
Great Age of Greek sculpture. The chief artist of 
the transition wa.s Myron, a copy of whose “ Throwing 
Discobolus " is to be seen at Itome with other copies 
of his works. The first, and perliajis the greatest, of 
the sculptors of the Great Age was Phidias, a younger 
contemporary of Myron. He is thought to have been 
bom nlxiat i8U B.C., and is known to have completed 
his great gold and ivory statue of Athene for the 
Parthenon in 4.t». The exquisite sculptures from 
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the Parthenon, which are preserved in the British 
Museum, are also thought to have been inspired and 
supervised by Phidias; some of them may have been 
actually executed by him, but the bulk were probably 
■carried out by his pupils. Among the contemporaries 
of Phidias were Polyclitus of Argos, copies of whose 
works exist at Naples and Berlin. Early in the 
fourth century b.c. flourished Bcopas, and Praxiteles, 
one of the greatest of the Greek sculptors, who exe> 
onted the often nientioned "Aphrodite of Cnidus,” 
the superb " Hermes " at Olympia, and probably the 
» Leaning Batyr ” at Borne. To Bcopas is assigned, 
but on questionable authority, the group of " Niobc 
and her Children,” of which copies are preserved at 
Florence. The last sculptor of the Great Age was 
Lysippus of Bicyoii, who is supposed to have been 
the author of the " Apuxyomenos ” in the Vatican. 
Then succeeded a period of less distinction, during 
which both the taste and the power of the Greek 
sculptors degenerated. To the commencement of it 
belong two of the chief treasures of the Louvre, 
the Victory of Samotlirace ” and the “ Aphrodite of 
Melos”; but as it went on, affectations and a desire 
for sensation—illustrated in such works as tlie 
"Apollo Belvedere" and the “ Laocoon ”—crept in 
and dc.stroyed the purity of the classic style. Among 
the Romans the art of sculpture bad no real vitality. 
Hardly any originid works were produced, and the 
sculptors, who were usually Greeks and often slaves, 
occupied themselves chiefly with imitations or copies 
of the earlier Greek masterpieces. The early Chris¬ 
tians, too, though they to some extent encouraged 
painting, disregarded sculptuie almost entirely. The 
first steps towards the foundation of a new school 
were taken early in the thirteenth century of the 
Christian era, when Nicola Pisano created a tradition 
which, though it was akin to the antique in its 
respect for beauty, was essentially inspired by the 
spirit of the times. This tradition was can'ied 
further by liis son Giovanni, and after him it was 
developed by a succes.-ion of great craftsmen into a 
guiding principle which determined the whole direc¬ 
tion of Italian Bculptubb. Towards the end of 
the fourteenth century appeared Ghiberti, who exe¬ 
cuted the great gates of the Baptistery at Florence, 
and Donatello, a sculptor of exquisite skill and 
refinement. liicn came Luca Della Robbia, bom in 
1400, the head of a family which became famous by 
the beauty of the work which they accomplished in 
coloured and glazed terracotta; and lastly came, 
in 1474, Michael Angelo Buonarroti, the greatest of 
all the Italian sculptors, and the man in whom the 
movement w'hich had been in progress for more than 
two centuries finally culminated. He may fairly be 
called the Phidias of the Renaissance; but, unlike 
the Greek ma.ster, he hod no successors of anything 
like the same rank. In 1504 he fiuislicd his colossal 
statue of David at Florence, and in the following year 
he commenced the monument of Julius II., which 
was never finislied. In 1624 he began the Medici 
tombs for the sacristy of Ban Lorenzo at Florence, 
which were completed nearly ten years later. These 
are perh.aps his greatest work.s. While Michael 
Angelo was working tliere was growing up in France 
a school of much importance. The first man of note 
itt it was Michel Columbe, who was Ixtrn about 1-1.10; 
but he was surpassed by his sixteenth century suc¬ 
cessor.*!, Jean Goujon and Germain Pilon, the former 
of whom executed the " Diane Chasseresse,” now in 
the Louvre, ami the latter the group of the “ Three 
Graces.” With thorn began a long list ot able 
sculptors, which includes many famous names—toi 


instance, C. M. Clodion (17.^8—1814), J. A. Houdon 
(1741—1828), J. Pradier (1792—1862), P. J. David 
(1789—1856), F. Rude (1784—1856), and A. L. Borye 
(1796—1876); and modems like J. B. Carpeaux, E. 
Fr6miet, A. N. Cain, H. M. Chapu, J. A. Falraitea, 
;V. Merci4, Jules Dalou, and Auguste Rodin. By the 
elforts of artists such as these the French school of 
sculpture has been given in the history of the art a 
place of very great distinction. In Enoland the 
native school may be said to have begun with John 
Flaxman(1765—1826), a contemporary of the Italian 
Canova (1767—1822), and the Dane Thorwaldsen 
(1770—1844), and, like them, a follower of the 
classic tradition. After him came Cbantrey (1782— 
1841), Westmacott (1776—1866), John Gibson (1780— 
1866), and M. C, Wyatt (1778—1862), and others of 
cnnsidcrable ability. The greatest development of 
English sculpture has come, however, during recent 
years. It promises to attain in the future a position 
of much more prominence than it has reached in the 
past. In Gnumant also and Belgium there are 
recent schools, which arc growing in importance; 
and there aro some sculptors of ability in Russia 
and America.—A. L. B. 

Boumbllng (Art). (1) Boftening the coiouns of an 
oil painting by blending with a neutral tint which is 
applied comparatively dry by means of a brush or 
the finger. (2) Boftening the outlines of a drawing 
by rubbing with the stump or the blunt end of the 
chalk. 

Scum Cock (JSitff.) A tap or cock in a boiler used 
for drawing off the floating scum from tlie surface of 
tlic water. 

Scutcheon (Hi'r.) iSrc Escutcheon. 

Scutehing {Cotton Manufao:) A further process of 
opening {q.v.) and cleaning. The cotton in this case 
i!. fed in a uniformly rolled lap form, three or four 
being run together. See ahn (-'OTTON Manufactube. 

- {Linen Manufae.) After the flax ha.s been 

.-tceped or retted and grassed, tlio bone or woody 
portion of the stem is cleared away from the 
fibre. The proce.ss, calletl scutching, consists of 
(tiacing the flax in han<lful8 over an upright slab, 
•tud beating the ends of it with a biode till all the 
bone is cleared away. This is usually done in mills 
by means of revolving blades driven by water power. 

Seutoni (-4rm.) A large oblong shield used by 
the Romans. It was constructed of some light 
material, covered with hide, and curved so ns to fit 
close to the body. 

Sdegno, Con {Mudo). With senm. 

Sc {Chern.) The symbol fur BULUNIUH (g.v.) 

Sea Beach {Oeol.) Strictly speaking, a sea beach 
is a deposit of sand and shingle piled n^m the sliore 
]ilatform by the action of the waves; but the term 
is often applied to the rock-shelf gradually hewn 
between tide marks by the prolonged luechanical 
action of the waves. 

Sea Breeze {Meteorol.) See Land and .sea 
Bbkeze.*!. 

Sea Cock {L!ng.) A tap or cock in a tube leading 
from the sea water into the condenser of a marine 
engine. 

Sea* Erosion by {Oenl.) Tlie mechanical erosion 
effected by the sea usually takes place between tide 
marks, and in the majority of oases this action 
mainly consists in the gradual reduction in size and 
the ultimate removal of rock material detached by 
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-veatherioi^ from tbecliSsabove hieh watermark. Bat 
a certain amount of erosion is directly effected by 
tbe waves, especially on coasts liable to heavy seas. 
If ort of this is accomplished at a very slow rate if 
the rocks affected are of a durable kind; and the 
wasting is carried out chiefly by the gradual enlarge¬ 
ment of chinks, joints, fissures of any kind, or any 
zones of weaknes.s in the rocks lying within reach 
of the waves. These weak places are gradually 
widened, the rocks are tunnelled into sea caverns, 
their roofs in time are blown off during some 
exceptionally violent gale, the sides of the whilom 
caverns in time are worn into sea stacks, these into 
skerries (only visible at low tide), and these skerries 
eventually into a shore platform, which is levelled 
off to the same elevation for great distances along 
the coast line. Chemical action also takes an im¬ 
portant share in tbe work. For example, a basalt, 
ciuitaining, as it does, a fcrromagiiesian silicate and 
a lime soda felspar, will decom(Juse on the land in 
such a manner that the felspar goes first and the 
ferromagnesian silicate last; but where the same 
rock is expo.scd to the chemical action of sea water 
tbe order of decomi>osition is reversed and the 
felspar may remain ax*parently unchanged after the 
rest of tile rock has disat>peared. It is now Iwlieved, 
with good reason, that the more energetic (but 
im'gular) action of marine erosion is less effective in 
the long run than the quieter (but continuous) 
action of subaerial denudation. 

Seal. (1) A piece of meta} or stone (sometimes a 
gem) with a design or device engraved upon it; used 
for making an impression on some suitable substance 
such as wax. (2) The impression so obtained. Cf. 
SCABAB. 

-(-Kny.) The slight projocti<m of the edge of 

a steam valve over tlie edge of a part which it covers. 
I'his makes a steam-tight joint. 

- (P/«?«i.) Tlie fluid whicli fills the trap or 

bend of a drainage {upe and so prevents the ux)ward 
passage of gases; also termed a Watbk Seal, 
Water can flow downwanls, but gases e.»innot rise 
jmst tbe l)cnd unless the pressure exceed a certain 
value. See Siphon Trap. 

Sealing. In general, closing up, making a joint, 
or securing by tbe attachment of some sub.stancc 
wiiicdi mu.st be broken before the sealed joint can be 
opened. Ulass apparatus is scaled by fusing together 
the edges of an opening or tube. A meter or register¬ 
ing apparatus is "scaled” ))y the attachment of a 
leaden seal, impressed with some device, to any 
convenient place, in such a manner that access to 
the interior cannot be obtained without breaking 
the seal or cutting wires which pass through it. 

8eam(A»y.) A long joint between two plates 
or in a pipe made by bending a plate. 'J'lie term is 
usually (but not always) restricted to welded or 
brazed joints, as distinguished from those whiclt are 
riveleii. 

- {Minitiff). A bed or layer of coal; occasion¬ 
ally the term is applied to a stratum of some 
other rock, 

Beamleu Tubes. Bolid Drawn Turks (</.v.) 

Beam Bet (Pst^.) The tool used for closing up 
the seams in a tube formed from sheet metal. 

Beorohllght, A powerful arc lamp, provided 
with optical means whereby its rays can be ooncen- 
tratod in a narrow beam, and with mechanical devices 
for directing tiiis beam in any required direction. 


<ih^»»«g (Pattern Making), Smoothing tbe surface 
of a roughly made pattern oy means of a hot iitin; 
this process also serves to render tbe surface lass 
liable to absorb moisture from the sand. 

Bea Band (Foundry). This is suitable for making 
cores (q.v.), but requires the admixture of a small 
amount of clay in order to make it bind or adhere. 

Beasoape (-irt). A picture representing a marine 
view. 

Beuoning (Leather JSfanvfae.') In the tauyard 
this means bringing tbe leather to a proper state of 
moisture (damping or drying) previous to rolling. In 
the dyeing and finishing of light leather, skins, after 
dyeing and before glazing, are coated with a season¬ 
ing liquid, consisting in most cases of albumen in 
some form, either vegetable or animal, mixed with 
various dilutonts. 

- (Timber). Drying out the sap from timber 

before use; it is effected either naturally by exposure 
to the air, or by moans of hot air (artificial sea.son- 
iug). In the latter method a great part of the sap 
may be removed by soaking the timber in water 
previous to the artificial drying. 

Seasons (Attron.) The divisions of the year, 
cletermliied l>y the position of the earth in regard to 
the sun. The earth in its orbital motion round the 
sun keeps its axis nearly parallel to itself; the 
poles of the earth vary in their presentation to 
tlie son, hence the different conditions of spring, 
summer, autumn, and winter. 

Seat or Beating (Png.) (1) A base plate in 
general. (2) The structure on which the movable 
jiart of a valve rests. 

Seat Earth ( (reol.) Another name for FIRECLAY. 

Beat Lug (('^yclcs). The lug (tee Cvemss) through 
wliich the seat pillar passes. 

Bea Wall (Civil Eng.) An upright or, more 
commonly, sloping wall of masonry, concrete, etc., 
intended to protect the liuid from erosion or innn- 
ilation. 


Sea Water. Bea water contains about 3*5 per 
cent, of dissolved sails, of wiiich about 2'7 (ler cent, 
consists of common salt. A fairly typical analysis 
of sea water gives : 


Bodium chloride . . 2*64 per cent. 

Potassium cliloride . . *07 „ „ 

Magnesium chloride -SI „ „ 

Magnesium sulphate '21 „ „ 

Calcium sulphate . . . -13 „ „ 

In addition to these substances, tlicrc may be small 
iimounts of iodine and of various other mineral salts. 
Tlie specific gravity is usually between 1-024 and 
1 -027. Bea water is used in marine boilers, dne pre- 
cuntions being taken to prevent too large an aceumu- 
hit ion of salt. 


Beo (Mutio). Bharp, crisp; often placed over 
certain notes. 


-, Secant. See Triqonovetrical Batios. 

Seeoo (Muric). Plain, uuadorred. See BeciTA- 
TIVB. 

Secohm (Elect.) The terra formerly applied to 
tlie Henry or unit of inductouce. 


Beoohmmeter (Elect.) An apparatus fur measur¬ 
ing self-induction and mutual induction. 

Second. See Weights and Measures. 
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Second (Mutic), ■ Tb.e interval contained bottireeii 
two notes next to eacb other in alphabetical order, 
as c to D, c to p See IitTBBVALS. 

Secondaries ta a Circle. See Bphbbe. 


Secondary Alcohol AlcoboIi. 

Secondary Alcohols {Chem.) Alcohols of the 
formula 

^ <[0H 

where B and B, are radicals joined by carbon to the 
ciirbon of the CHOU group, and may be the same or 
different. Examples: 

CH, 

^ CHOH, Isopropyl alcohol. 

(jll, 

CH, 

nTifM! Methvlethyl carbinol. 

(2-Butanol) 


0,11, 


The secondary alcohol group occurs in many important 


CIIjOII 


cotuiKiunds; for example, in glj'cerine, (’HOH; in 

CH.OH 

cn. 


lactic acid, CIIOII; in the sugar.s, in mori)hia, etc. 

I 

CX)OII 

They may be prepared (1) from primary alcohols. 
See I’KOPYL Alcohols. (2^ J’y reifnetiou of 
ketones. See Ketones. (3) From aldehydes by tlio 
action of zinc alkyls or magne.sium alkyl ioiliiles : e.y. 
witli acetaldehyde and zinc motliyl arlditiori take-, 
l^lace— 


CTl, 

I 

(■ 


('U, 


+ Zn(Cn,)., - 


OZriCH, 
CII, 

The conifKiTind so formed is decomposed by watc 
til, ('If, 


,'0 


■11 




+noii= 


J1 


11 


+ ZiiO + (’H,. 


(•1) From formic esters by the zinc alkyls, using two 
molecular proportions of the latter. This is a par¬ 
ticular case of method (3), for formic esters contain 
the aldehyde group— 

II ' T1 

’./OZnCH, , .. I, /OZuCH, , 


( 

I 

or .11. 


riL 




The atldiiion product is the same a.s in (3). The 
reactions of secondary alcohol.s with sodium, chloride.s 
of phosphorus, acids, are in general like those of 
primary alcohols. On oxidisation they yield ketones 
iq.v.) ; thus isopropyl alcohol gives acetone and 
lectio acid gives pyruvic acvl (y.f.) For a method 
of distinguishing secimdary from ])rimary and tertiary 
alcohols $ee Nitboso-Compounds. 


Beeondary Buea (^C’Aeiu.) Comxjounds of the 

' formula ^NH, where E and B, are radicals, 

which may bo the same or different, attached to the 
I nitrogen by carlxm. For illustrations sec the fol- 
I lowing compounds : Dibthtlamime, Piperidine, 
CONINE. 

Beoondary Bova {Meteorol.) See Rainbows. 
Secondary Cell or Battery iEleet.') See AccD- 

HITLATORS. 

Secondary Hydrocarbons iChem.) A hydro¬ 
carbon containing at least one carbon atom united 
to three other carbon atoms, e.g. Isobutaue— 

I ch.ch<ch: 

St^e Parakfins. » 

Secondary Socks CGeol.) Usually understood to 
be the strata w'hich ip Europe were formed while 
Ammonites lived in the sea.s, and while the dominant 
forms of vertebrate life were reptiles of various» 
kinds. The strata thus include all rocks of later 
(late than the uppermast Carboniferous rocks on the 
one hand and the base of the oldest Eocene itteks on 
the other. See Strata, Table of. 

Second Cut Pile (A'wy.) A file with teeth next 
in order of coarseness to a Smooth Cut file (t/.v.) 

Seoondo iJfvsie). Second, as the second per¬ 
former in a duet; the lower or bass jiart of a dm't 
for one pianoforte. Seconda, 2nia or 2nd time, is 
often placed after a repeat to .show that certain bars 
arc to be substituted for those marked prima before 
the rejM'at. tSce I’RIMO. 

Second Tap (.Eng.) Siv Tap. 

Secret Dovetail (Cor/), and doin.) A joint con¬ 
structed so that the dovetails are hidden by a mitre. 
S-e Dovetail. 

Secret Fixing (Cnrjt. and Join.) The niethutls of 
fi.'cing joinery so that the fixings cannot be seen. 

Secret Nailing (Carii. and Join.) Kailing together 
tin; parts of a piece of wosk in sucli a way that the 
beads of the nail.s do not lie in the visible surface of 
the finished object. Thu.-flooring compoi^d of narrow 
striji.s or blocks may be fixed down by nails driven 
, obliquely through the edge (or vertical side) of one 
block, before the next block is laid in place. 

Sectile (Min.) Capable of being cut by a knife, 
but not malleable; e.g. Btcatil.e. 

Section. (1) A cut across an object, the direction 
of the cut being stated, e.g. (boss, Ilorizontal, or 
Vertical Section. (2) A drawing of such a cut sur¬ 
face. (3) A distinct portion of a structure. 

-( Tgpog. and Sind.) (1) A distinct jiertion of 

a book; a sheet. G/. SiONATUBB. (2) A sub¬ 
division of a chapter; honce the reference sign § 

^ used to denote such a division. See XoTKS. 

Sectional Area. The area of a section, especially 
! r)f the cro.ss section of an object. 

Sectional Colours* Certain conventional c.olours 
are used in drawings to represent different materials, 
e.g. grey for cast iron, yellow for brass, etc. 

Sectional Plan. A drawing showing the appear¬ 
ance which an object would present if it were cut 
through by a horizontal plane. 

Sector. (1) The part of a circle lying between 
two radii and the portion of the cironmfeience con¬ 
necting them. The term is also applied to a similar 
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figure derirbd from other currcs. (2) A form of 
divided scale need by draughtsmen. (3) An instm* 
meirt for the measurement of angles. See ZamiH 
Bectou. 

Beoular Changes (Aefron., Orel., etc.) Changes 
<whicb occur progressively throughout ages of time— 
‘i,e. in a vastly extended though indefinite period; 
e..g. movements' of the earth’s crust, or the gradual 
alterations in the value of the magnetic elements. 

gedan Chair. See Pbaib, Bepak. 

SedOja i^Arehiteet.) The scats, usually three, 
which are frequently formed in tlie south wall of 
the chanoel of churches and cathedrals. The singular 
of Bedilia, Sedilc, is seldom used. 

8edlment|py Rocks iGeol.) Strata deposited 
outside of tm earth’s crust directly or indirectly by 
the action of water, or of currents of air, or of ice. 
Rocks formed by volcanic action, properly so-{yille«l, 
are usually stratifletl, but they are excluded by the 
definition just given. 

Seebeck Effect (Meet.) Thcrmo-elcctric phe¬ 
nomena (q.v.) 

Seeding (Chevt. Tech.) The separation of stearic 
and palmitic acids from liquid oleic acid by crys- 
lallisation in the manufacture of stenrine. The fattj 
acids from the decomposed “rock” (q.v.) are run 
into shallow cooling pans airanged in stacks. The 
resultant slabs of granular .\<ilid acids and liquid 
oleic acid are known as Bepakation' Cake. 

Seggajr (I*ot.) A round, oval, or square 1>ox of 
burnt liiBclay, v.arying iu depth, in which clay wares 
arc placed for the bisque oven, and bisque wares 
for the glost oven. In the latter case the seggars 
are glaJed. 

Beggar Clay (Geol.) Another name for Fibb- 
CLAY. 

Segment. The |iart of a circle enclosed by an arc 
and a chord. 

Segno (Afueic). The sign %■ Sec Al segno and 
Dai. segno. 

Segregation Yeins (GcM.) When an eruptive 
rock is eoolitig it necessarily coutraets, and hcncc 
there is a tenileiioy to the formation of fissures as 
tlie rock mlapts itself to the space available. Some 
of the materials which consolidate later gradually ooze 
into these fissures, and eventually crystallise there. 
In an eruptive rock these segregation veins or Aplites, 
as they arc now called, are, always more acid in 
chemical composition than tlieir enclosing rock. 

Segno; Boguendo (Mueic). Follows: following. 
Segve is placed after one movement to indicate that 
the next follows on. Attacca is now used for the 
same purpose. 

Seismograph. An instrument for recording (on a 
sheet of paper, smoked surface, cte.) the movements 
of the crust of the earth during an earthquake. The 
term is also applied to the traiced or written record 
itself. 

Seising (Mig.) The fixing or jamming of a bear¬ 
ing v^hicli sometimes occurs when it becomes hot 
through insufficient lubrication. 

Seixnre (Mtg.) Bearings, etc. See Betzing. 

Bekos (Arehiteet.) The sanctuary in an ancient 
Egyptian temple. 

M^te (Geol.) A name applied to the clear 
varieties of GvPBtrH (?.«.) Selenite occurs under 


geological conditions somewhat different from f^orisaJl 
gypsum. It is quite commonly developed" witbirtf 
clays, e.g. the London Olay or the Oxford Clay^ 
probably as a result of the decomposition of pyrites^ 
and the recombination of the sulphurio acid thue^ 
formed with solution of carbonate of lime. But no* 
selenite occurs in the chalk, though pyrites abounds 
in some parts of it. 

Selenite (Min.) The transparent variety of Gyp- 
sritf (q.r.) 

Selenium Be, Atomic weight, 7D'2. (Also 

called Belenion.) A rare element closely resembling 
sulphur in it^ chemical behaviour, and belonging 
to the same group in the Perioflic system. It is u 
solid having several allotroxiic forms. Amobphoes 
Sblbniem is a red powder obtained by reduction.-of 
selenious acid by sulphurous acid, stannous chloride, 
and other reducing agents; also by allowing a sola> 
lion of selenium hydride to stand exposed to air. It 
is slightly soluble in carbon disulphide and benzene, 
and when allowed to stand under those solvi-nts 
exposed to light it passes into the red crystalline 
form. Another amorijhons form, known as vitreous 
selenium, is produced when melted selenium is 
rapidly Cooled. Cbystaj.linu Fobms : A dark grey 
crj'stalline form with metallic lustre is obtained 
from either of the two preceding varieties by 
gradually heating them; at about 100° they pass 
' into tills form witli evolution of heat, the tempera¬ 
ture rising to 217°, which is the melting point 
of this variety. This variety is insoluble. The 
red iTystalline form is obtained as above, and 
crystallises in two distinct forms—it ehunges on heat¬ 
ing to tilt- dark grey form. COLLOIDAI. bELENlUM : 
Formed on reduction of very dilute solutions of 
selenious acid by sulphur dioxide or hydrazine 
hydrate; on dialysing the liquid a red solution 
showing blue flu<iresi:ence by reflected light is 
obtained; the solution may be boiled without change, 
but electrolytes precipitate red gelatinous selenium, 
which becomes black on heating. Selenium boils at 
6S0°; below about 950° it contains complex molecules, 
probably Se^; but at 950° and over the moleculcilB 
consist of Be,. In the vacuum of the katliodc light 
it boils .at 310° under the pressure of a GO mm. column 
of its own vapour. Selenium is a bad conductor 
of electricity, but its resistance diminishes on ex¬ 
posure to light, the grey crystalline form being most 
sensitive; various physical applications have been 
made of this property. Boleninm hums with a blue 
flame when heated in air forming the dioxide; in 
general its chemical behaviour resembles that of 
sulphur. Selenium occurs widely distributed, but 
alw'sys in small quantily; its two cliief sources are 
the flue dust which is deposited in roasting sulphides 
such as selenium containing copper pyrites, and a 
deposit in the leaden chambers of the sulphuric acid 
I manufacture when certain kinds of pj’rites are 
I burned. To obtain it from the latter, the deposit 
i.s washed and boiled with a concentrated solution of 
sodium sulphite. To the filtered liquid hydrochloric 
acid is added, which precipitates the selenium; the 
process is repeated till the sr.lcnium is pure. 
Compounds: ficlenium hydride, ll.Be (Beleniuretted 
hydrogen) is a colourless gas ; boils at —40° ; smells 
like sulphuretted hydrogen , at first, bat has much 
more severe aftei - effects, Irritating the mucons 
membrane and temporarily destroying the sense of 
smell; it is about as soluble in water as sulphuretted 
hydrogen, and like it gives precipitates with metals— 
selenides; decomposed by light. The gas is prepared 
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in a similar manucr to sulphuretted hjrdrogei), 
namely, by heating the element in hydrogen; decom¬ 
posing ferrous selenide with dilute hydrochloric 
acid; decomposing aluminium selenide with water. 
6eleuious oxide, BeO« forms white needles, which 
sublime without melting, and dissolve in water, 
forming selenious acid. It is prepared by burning 
selenium in dry oxygen, or by the action of nitric 
acid on selenium, and repeat^ evaporation of the 
solution with water to obtain selenious acid, which 
gives the dioxide when heated in oxygen. Selenious 
acid,H^8eOy,cr}’8tollisos in white prisms; when heated 
gives selenious oxide and water; soluble in water; 
the solution is easily reduced to the element {see 
above ); oxidising agents convert it Into sclenic acid ; 
forms both normal and acid sclenites. The acid and 
its salts are poisons. Selenious acid is obtained as 
described under the oxide. Selenic acid, H,;SeO^, 
crystallises in white prisms; melts at SB”; mixes 
with water with evolution of much Iteat; the solution 
behaves like sulphuric acid in most respects; the 
concentrated acid chars many organic substances 
wbenheated with them, while the dilute acid dissolves 
metals in an analogous manner to dilute sulphuric 
acid. Very concentrated selenic acid dissolves 
gold leaf, forming the. dioxide and auric selenate, 
Au,(SeO^),. Heated with hydrochloric acid, selenious 
acid is formed with evolution of chlorine. The 
solenates resemble the sulphates except that they are 
decomposed by hydrochlorm acid like selenic acid 
itself. Selenic acid is obtained by oxidising a solu¬ 
tion of selenious acid with chlorine; or selenious 
acid is precipitated with silver nitrate, the precipitate 
washed, and oxidised with bromine and water; the 
solution of selenic acid is evaporated as far as 
possible on the water bath, then distilled in a vacuum 
till nothing more comes over at isCT, Selenium 
forms many organic compounds; special interest 
attaches to one of these, in which a selenium atom 
is united to four different monovalent grou})s, as it 
can be resolved into optically active components. 
Benzene sulphonic clduride and benzene react in 
presence of aluminium chloride to form diphenyl 
sulphone, which yields diphenyl disclenide when 
hcateri with suflBcient selenium ; the selenide yield.s 
methylphenylselenide with sodium and methyl 
iodide; this compound combines with bromacetic 
acid to form phenylraethylselenetine bromide— 

C.H- Sc 

C^jSeCH, 

When this compound is precipitated 
tf-bromcamphorsulpbonatc, a product 
which can be separated by fractional crystallisation 
into dextro- and laevorotatory eomponuds. 

Selenium {Min,) This element occurs native in 
cavities in the lavas of Vesuvius. It is of a dark 
brown or grey colour by reflected light, but red in 
thin pieces by transmitted light. The element also 
oc;curs in combination with sulphur and tellurium, 
and as selenide in several rare minerals. There is 
also one mineral which is a selenite, Cbalcomenitc. 

Belenograph {Astrm.) A picture of the surface 
of the moon, or some portion of it. 

Selenography {Astron.) The study of the geo¬ 
graphy of the moon. 

Self JLcting Lathe {Eng.) Tins term is usually 
applied to a lathe in which both longitudinal and 
transverse motions can be given to the slide rest by 


CgHjSOsCl 


C.HjSc, 


SeC.H. “» 
CITJ 

•CH„COOH 

15r 

with silver 
is obtained 


means of a shaft fixed along the back of the bed. 
This longitadinal motion or feed is entirely hade* 
pendent of that ased in screw catting. The term 
“self acting” is, however, often applied to lathes 
which Jiave the screw cutting mechanism only. 

Self Centering Ghnck {Eng.) A chuck with three 
(rarely two or four) jaws, which can be moved 
simaltaneously in a radial direction across the face 
of the chuck, always remaining equidistant from the 
centie. A cylindrical object held in these jaws will 
always have its axis coincident with the axis of the 
chuck. The jaws are caused to move by some form 
of gearing, or by a spiral groove or scroll cut in a 
circular plate, each jaw having a projection which 
fits into the groove. 

Self DeUve^ {hmndrg). The formation of 
hollow i)urts of a casting without the Use of cores, 
the actual hollow being formed on the pattern itself. 
The sand of the mould fills this hollow, and the 
necessity for a separately prepared core (y-f.) is 
obviated. Self delivciy is onlv possible in a limited 
number of cases. 

Self Exciting Djmamo {Elect. Eng.) A dynamo 
whose field magnets are excited by current produced 
by the machine itself, as distinguished from a 
Sepaeatblv Excited Machine {q.v.) 

Self Flttzi^ Opos {Met.) Applied to certain iron 
ores containing calcareous matter which serves as 
a Flcx {q.v.\ so that the addition of lime to the 
furnace cliargc is not necessary. 

Self Induction {Eleet.) See Induction, Self. 

Sellers’ Screw Threads {E^.) The American 
standard form of V-thread, having an angle of 60“; 
used in America instead of the VVhitworth pattern. 
See ScEEW Threads. 

Seltzer Water {Chem.) See Water. 

Selvedge or Listing {Textile Manufac.) Tlie list 
or side breads of a fabric, usually composed of 
stronger threads than the main (tortion, so as to be:ir 
the increased friction and strain in the reed during 
the operation of weaving, and otherwise protect the 
real cloth. See also Lizieb. 


Sema|tliore. A signal having a hinged lever arm, 
such o-s is used on railways and in the Navy. See 
un^er lUiLWAYB. 


Seme or Powdered {Her.) A shield is described 
as seme when covered with small charges scattered 
all over the surface. France ancient is sitni of Fleur 
de I ys. 

Semi-Beam or Semi-Girder {Eng.) A term some¬ 
times Rpi>licd to a C'AntiIjBV'EB {q.v.) 

Bemibretre {Music). The name given to the 
.standard note of measurement in modern music and 
to its equivalent rest. See Notes and Uestb. 

/NH.NH, 

Semicarbazide {Chem.) COC 

\nh, 

(Aminouroa). White prisms; melts at 96®; soluble 
in water, benzene, chloroform. Decomposes on keep¬ 
ing into hydrazine and hyurazodicarbonamide; it 
decomposes in the same way on heating. 

2HjN. N n. CO. NHg= H,N. CO. NH .NH. OONM,+ HjN. NH, 
With nitrous acid it gives azoimidocarbonamide: 


( HjNCONH. NH* ON. OH = H,N,CO.NH.N: NOB -t- H,0 






N 




HjNCONUN: NOH = H^. CO. N;^ ^ + H,0 j 


It is a very useful reagent for aldehydes and ketones, 
especially when these do not form well crystallised 



SEM 


659 


SEM 


oximes or hydrazones. To use it for this parpose the 
hydrochloride is employed (occasionally the sulphate 
must be used as with iononc); this salt is dissolved 
in a little water and its equivalent of an alcoholic 
solution of potasdum acetate added; then the 
aldehyde or ketone added and more alcohol to com¬ 
plete the solution. The mixture is warmed, if 
necessary (s.y. with sugars and quinones); the 
time required varies from a few minutes to days. 
The products from aldehydes are called sehioah- 
BAZIDBS, those from ketones sbuicabbazokes. 
Semicarbazide is prepared by heating molecular pro¬ 
portions of urea and hydrazine hydrate in a tube at 
100“ for 20 hours; the contents are washed out with 
water and evaporated as far as possible on a water- 
bath ; the viscous liquid so obtained crystallises on 
standing in a desiccator over sulphuric acid; the 
crystals are pressed on a porous plate and recrystal¬ 
lised from absolute alcohol. The hydrochloride is 
prepared by neutralising a solution of 13 gmms of 
hydrazine sulphate in 10t>cc.waterwithG‘6 grams dry 
sodium carbonate; when cool 8*8 grams of iiotassium 
cyanate are added and left 12 hours. The liquid is 
aciditie/1 with sulphuric; acid and filtered from hydra- 
zidodicarlx>namide; the filtrate is shaken with 
benzaldeliyde, wlten a prccijiitate of benzalscini- 
carbazido is obtained; this is filtered and washed 
with etlicr; then decomposed by cautions warming 
on the water-bath wi(,h concentrated hydrochloric 
acid (20 grams require 40 grams acid), and water 
added till all just dissolves, ^flic warm liquid is 
sliakeu with l>enzene to remove benzaldeliyde. Tlie 
aqueous solution deposits the hydrochloride on coolinc 
in small needles which form beautiful prisms when 
recrystalliscd from dilate alcohol; from the mother 
liquor more can be obtained by precipitation w'illi 
lainzaldchyde, etc. It c^n also be obtained by the 
electrolytic reduction of nilrourea in ammonium 
chloride solution, using wruiiglit iron electrodes 
(70 stj. cm. of each immersed) and a curient of 2 
ainp(;rc8 for 20 hours; the cell stands in cold water. 
The product is precipitated with benzaldeliyde, etc. 
The stilpbate is made by decomposing acetone semi- 
carbazonc in alcoholic solution with the calculated 
quantity of sulphuric acid, wljcn it separates out and 
is vrashed with alcohol. 

SemidemiBomiquaver (itfasic). The name given 
to the note which is one sixty-fourth part of a semi¬ 
breve, and to its equivalent rest. Also called a 
licmidemiscmiquavei, i.c. a balf-half-half-quaver. 
Sec Notes nnd Bests. 


hydrazo-oompound occurs, a little aniline and {rttra* 
amidophenetole are formed; but tbe two priitidjial 
products of the reaction are 


OC,H, 


0—0 - 

NH, 

These compounds are called Seuidixes: the first 
is an orthosemidine and the second a parasemidine, 
and the reaction is known as tbe semidine trans¬ 
formation. With methylparaethoxyazobcnzene the 
course taken by the semidine transformation 
depends on the position of the methyl group; when 
tbe methyl group is in any meta position to the azo 
group the rciiction is similar to that which occurs 
when no methyl group is present and ortho-semidines 
are the chief prc^uct: when the methyl group is in 
an ortho position to the azo group parasemidines are 
tbe chief product. When both para positions and 
one ortho position are filled as in paratolncneazo- 
metacrcsetole 

CH,^ y -N : N- ^ y OC*H* 

so that the parasemidine transformation cannot 
occur, then a little orthosemidine compound is 
formed, but the chief action is reduction to para- 
toluidine and ethoxyortbotoluidine. Now, as tbe 
orthosemidine transformation always occurs by the 
replacement of a hydrogen atom in the nucleus 
containing the ethoxy group, it is inferred tlmt when 
a methyl group occupies an ortho position the space 
occupied by this group is a hindrance to another 
group entering an ortho position, and thus the 
parasemidine transformation occuis. (See Scholtz’s 
“ Itaumerfiillung der Atomgruppen.”) 

Semi-Permeable Membranes er Partitions 

(('hem.') Membranes which, when they separate 
two solutions in the same solvent of different osmotic 
lu-essure, permit of the pa.ssnge. of the solvent, but 
not of the passage of the dissolved substance, from 
the solution of le.S8 osmotic pressure to that of 
greater osmotic pressure. The best semi-permeable 
membranes are the cell walls of certain vegetable 
and animal cells, such as the cells from the epidermis 
over the midrib of the violet or under side or the leaf 


Semi-Diameter (Asfron.) The distance from the 
centre to tlie circumference. Generally applied to 
the discs of the sun, planets, etc,, or orbits. 

Semidine Transformation (Chern.) When azo¬ 
benzene is reduced it yields kydrazobenzene, and the 
latter, w'bcn treated with an acid, yields benzidine 
(eee Htduazobenzbne). Besides the benzidine 
tlicrc is formed a smaller quantity of orthoimra- 
diamidodiphenyl 

( ) Ntl, 

In a compound like paraethoxyazobenzene 

where the para position is occupiod, a benzidine 
transformation cannot occur; reduction to the 



of Tradegcantia diecolor, or the exterior cells of the 
spatheof Curcumarub'waulig,OTT6A\s\oQd corpuscles. 
The best artificial semi-permeable membrane is 
copper ferrocyanide. The action of the vegetable 
<‘ell8 mu.st be observed under the microscope. The 
action of the red blotsl corpu.scles ran be observed in 
a test tube. 0*5 cc. of detilirinated ox blood is put 
in a test tube containing about 20 cc. of a solution of 
potassium nitrate; if the strength of tiic nitrate is 
1*04 per ceiil, or over, then on shaking and allowing 
to stand the corpuscles settle to tbe bottom of the 
tulHJ, and the liquid above them is clear and nearly 
colourless; if tlic solution of nitrate is 0*96 per cent, 
c r under, the clear layer standing over tbe deposited 
corpuscles showsafaint red colour—waterwith minute 
traces of haamoglobin have escaped tlirongb the walls 
of the corpuscles. The artificial membrane is made 
by thoroughly soaking a porous pot in water, then 
in 3 per cent solution of copper sulphate; after 
rinsing with water and drying with filter paper, a 
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8 per cent, salutioa of potaBsium ferrocyanide is 
poured in, and the pot stood in a solution of copper 
^Iphate (3 per cent.) for a day or two; the latter 
process is repeated with the pot closed. To use the 
cell, a glass tube is sealed into it by scaling wax, 
the apparatus filled with the aqueous solution to be 
tested, the glass tube connected to a mercury mano¬ 
meter, and the porous pot stood in water. The 
copper ferrooj'anide film deposited in the material of 
the porous cell will only hold for a few substances, 
such as the sugars and urea; for most substances 
it is useless for pur];) 08 es of measurement. Set' 
Osmotic I’bsssubk. 

Bemi-Popoelain {True). A class of ware coming 
between porcelain and earthenware in its charac¬ 
teristics. It is a “soft paste," more resonant than 
earthenware, absolutely non-absorbent, but only 
slightly translucent c\cn when made very tliiii. 
JIauy so-called “semi-porcelains” are only “earthen¬ 
wares.” &'C rOTTliKY AND roUCELAlN. 

Semiquayer The name given to the note 

which is one-sixteenth part of a semibreve, and to 
its equivalent rest. iSre Notes ami 11EST.S. 

Semitone (Munie), Onc-half of a tone. The semi- 
toue is the smallest interval recognised in practical 
music, and is that contained by two notes of the 
pianoforte next to each other, as from C to tlio black 
note next above, or from t! to the white note next 
below it. Semitones are of two kinds : (1) Diatonic, 
when the notes are next to each other alphabetically, 
as E F, G A^, i.e. when they arc both contained in one 
diatonic scale. (2) Chromatic, when the notes are 
the same alphabetically, but altered by JJ, Ij, or JJ, as 
F F% Gjj GJJ. Sea INTEBVAL.S atid Scales. 

Bemplioe (Jl/ueic). Simple. Sempilocmente, simp!}-. 

Sempre (Mitsie). Always, as sempre legaio, 
always (continued) .sniootljly and connected. 

Senarmontlte (dfia.) A rare form of oxide of 
antimony, Sb^O,; cubic, in octahedrons; al.-o in 
capillary masses. Colourless or grey. From Algeria 
and Hungary. Cf. Valbntixite. 

Sendai {ArcTuBol.') A silken material of light 
texture, formerly used for Ixitmcrs and for dress. 

Sender {Elect.') The instrument employed in 
transmitting a telegraphic message. 

SeneeaOil. A synonym for retrole,am (ly.r.) 

Seaega Root {Botany). The dried root of Poly- 
yala geneya (orrler, Polyyatacere) is used in medicine, 
it i.s imported from the United States. 

Senna {Bofany). Cusda aeuti/olia yields Alex¬ 
andrian Senna ; C. obovata yields Italian Senna ; 
and C. a/ngustifolia the East Indian variety (order, 
Lcyumi'noga!). The drug, which is used as a laxative, 
consists of the dried leaflets. 

Senalbile {Musie). Expressive. 

Senaibility of a Galvanometer {Elect.) This 
term is used in various senses: e.g. (1) The deflection 
productSl by a given current; (2) The current, or the 
reciprocal of the current, roquireil to produce a given 
deflection. 

Sensible Heat. Heat which can be perceived by 
the senses, owing to a ciiangc in temperature, as 
distinguished from Latent Heat {q.v), which 
produces change in state without change of tern- 
peratnre- 


I Bensitiye Flame (Aoand). Flame, Sbnbitive. 
i Sentimentale; Bentlmento, Con {Magic). With 

feeling. 

I Betatk {Music). Without; as BenZA Repetitions, 

; without repeats. See algo Sobdini. 

Separately Exeited Dynamo {Elect. Eng.) A 
i dynamo whose field magnets arc excited by curreut 
. supplied from a separate source, e.g. another dynamo. 
See also Dynamos. 

Separation Cake {Chem. Eng.) See Beedinq. 

Sepiolite {Min.) A synonym for Meebscuaem 
{q.v.) 

Septaria iSct-C lay Ibonstone. 

Septet, Septette {Mmic). A composition for 
seven v'oiccs or instrumcint-s. 

Septic Tank System (Sanitation). A system of 
treatment of sewage in which the sewage is collected 
in a covered tank somewhat resembling the old and 
discarded cessjKjol. The sewage is introduced below 
water level, and the outlet is also below the waterline. 
The sewage is passed through the tank very slowly, 
.and i.s acted on by micro-organi.xms which break ujr 
the solid matter. The advantage of this is that 
little or no solid matter is depositc<l. The eftiuent 
from the tank is then aerated try flowing over a weir 
in a thin stream, and is next }Xissed througli beds of 
coke. This system was introduced at Exeter in 1K95 
by the surveyor of that city, and it i.x claimed for it 
that the sa.speude<l matter is removed almost com¬ 
pletely, and that in the, tank itself over one-foiirtli of 
tlie organic carbon in the sewage is removed. In 
' some later forms the submerged inlet is discardt d, 
a.s it is s;iid to produce more disturbance in the tanks. 
A separate sludge compartment with a sludge 
pump may also be provid<!fl. Si e also Sanitation. 

Sequence (Music). The rejjctition of a musical 
figure at different pitch. Bequenocs may be of any 
; length, and are of two kimis, Real and Tonal. A real 
sequence is one in which every interval of the figure 
i is rcjjeated exactly, and is chiefly made use of for 
modulation. A tonal sequence is one in which the 
repetition is confined to the same key; hence the 
1 intervals arc not exactly repeated. The following 
i .shows one example of each kind of sequence. 


Keai, HecjUiTNcn. 
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Sve ah* Bobalia. 

Serdab (^Arckiteet,') A Kecret chamber in an 
ancient Egyptian tomb. See Mastaba. 

Bereno (Mm.) lYanquil. 

Serge ( Woolle7i, and Wortted Manufac.) Serge is 
composecl of crossbred worsted yarns, and is made in 
medium and heavy cloths for suitings and over¬ 
coatings. A union serge is one in which cotton w-arii 
and worsted weft is u.sed. 'See WoBSTKD, vndcr 
Wool,. 

Seriate, Con; Serio, Serioso (Mmio). In a 
serious, grave manner. 

Series (Elect.) Conductors arc said to be in 
Series when they arc so connecte<l that a current 
passes through them in succession, ijc. when the end 
of one conductor is connected to the beginning of 
the next. 

Series Dynamo and Motor (Eleet. Emj.) See 
Dynamo and Motor. 

Serif (y?/ywy.) The line lines and cross strokes 
on tljo top aiul bottom of certain styles of type, 
e.g. SI. (y. Sanserif. 

Serpent (Her.) The serpent as a charge is repre¬ 
sented either erect, involved (in form of a circle), or 
nowed (tied in a knot). 

- (Mude). A bass wooden instrument, bent 

111 serjientine form, covered with leather, and having 
a cupped mouthpiece like a tromb<>ne. It is now 
nearly obsolete, its place being taken by the 
Etti’HONIUM (q.v. p. BJs). Amoiigst com]>osers who 
made use of tlie seriicnt may be mentioned Men- 
delssolin in his AY. l‘avl, etc. 

Serpentine ( 6eol.) A soft ruck capable of being 
easily carved into ornaments, and usually of n pattern 
reminding one of that found on some snakes. This 
colouring is develojiod chiefly by the prolonged 
exposure to son water. Kerpentino was in all cases 
originally an ultrabasic rock of eruptive origin. It 
^•onsisled chiefly of Olivine and one or more of the 
Tyxoienes which have been subsequently' hydrated 
by water circulating deep within the cartli’s crust. 
Kcr|)entine8 may bo of any age. Some Scottish ser- 
l)entincs are of Tertiary age. 

- (Min.) A hydrous silicate of magnesium 

with traces of alumina and ferrous oxide. It is 
a rock rather than a mineral. It lesults from the 


hydration of several ferromagnesinin silicates, in 
decomposition. It is much used as an omameptal 
stone. The chief British localities are Portsojr in 
Banffshire, the Lizard, the Shetland Isles, Anglesea, 
CO. Galway, and co, Wicklow, 

Sei^Uet Boiler. See BotLBBS. 

Serre Tube. A boiler tube having ribs radiating 
from the inner periphery of the tube, about a quarter 
of the diameter in length. They increase the sur¬ 
face, and bonce the heat transmitting power of the 
tube. Compare the Bow Tube, the principle of 
which is only applicable to flexible and ductile 
metals, 

Serrioe (Phmh., etc.) (1) The delivery of water 
or gas to a building. (2) Service Pipes (q.v.) 

Service Pipes (Plumb., eto.) The water or gas 
pipes inside a building are termed Service Pipes, 
and often alluded to collectively as the Service. 

Service Reservoir (Civil Eng.) A reservoir from 
which water is supplied directly to a town; situated 
I at a sufficient elei-ation to force the water to the top 
I of the highest building. Their main objects are to 
' provide a reserve of water for sudden emergencies 
I (e.g. a Are, a broken main, etc.), and to enable a 
uniform pressure and a uniform rate of pumping to 
be maintained. 

Service Tree (Botany). The true Service Tree is 
Pyrm domestica-, the Wild Service Tree is Pyrus 
torminalis. 

Serving. Covering the surface of a rope with 
yarn, etc., to prevent abrasion. 

Servitor {(ila»» MoAiufac.) The glassmaker who 
fashions and forms the body of articles for the 
“ workman ” to finish. The second man in a set or 
j ‘‘chair" of workmen. (y. Foot Bx.ower and 
I Workman. 

I Sesame Oil. A medicinal oil expressed from the 
' seeds of Setamum i?idmm (order, Pedaliacea). The 
I |)l<ant is cultivated in India. 

I Seequialtera (Mutie). An organ pipe of several 
; Ianks (see Mixture), 

Seatet (Mude). A composition for six voices or 
instruments. 

I 

! Set (Carp., etc.) The teeth of a saw are bent 
! sideways; this is called the Het of the saw. 

; - (Typrfounding). The placing of letters or 

; characters on the body or shank in such manner as 
: will secure apparent uniformity of space between 
them when arranged in every possible form. 

- (Typoy.) The term indicates the width of 

' body of a type; this determines the amount of blank 
' space on each side of a letter when printed. 

' - f>r Sett (AVj^.) (1) a deformation or deflection 

: of an object, due to stresses. (2) A form of chisel 
I with a handle used in cutting bars in the smithy. 

i - or Sett (TextHe Manufac.) The gauge of the 

(doth. The term lias a different meaning in different 
centres. A 30* set Glasgow would be 30 x 40 iu 
37 inches ; Bradford, the same number in 36 inches; 
and Dewsbury and the Heavy Woollen district in 
90 inches. The more correct and simpler meaning 
is the number of reeds in one inch and the number 
of thread-s in each reedt e.g. 10* reed 4' equals a 
cloth of a set of 40 threads per inch. 
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Set or Set Up (Typog.) To place type in order so 
as to form woras, etc., as ropreaentm by the copy 
(^.r.) for the purpose of printing; to compose. 

Set Off (BnUd.) See Off Ret. 

- {Plumb.') A bend in a pipe. 

-(Tyjiw^.) Is caused when pressure is brought 

to bear on printed work before the ink is properly 
dry; i.e. the ink in its soft condition smears the 
sheet above or below. 

Bet Off Blanket {Print.) A blanket placed over 
the cylinders of a perfecting machine to absorb 
the suridus ink from the printed side of a sheet when 
being ^rfected up. 

Set Off Paper {Prmt.) Paper to which some 
preparation has been applied, e.g. oil or glycerine ; 
useil to prevent the set off {q.v.) 

Set Ont {Leather Mamfae.) See Setting. 

Set Borev {Png-, «*<■•) A screw used for adjusting 
some part of a piece of mechanism or for holding it 
in place when adjusted. 

Bet Square. A drau'ing instrument consisting of 
a right angled triangle ma«le of wood, ebonite, etc. 
Tlie acute angles are usually GtT and 30°, or both of 
45“, but other angles arc occasionally used. 

Sett {Bmld.) A squared block of hard stone used 
for paving roils where the traffic is heavy. The 
stone is generally Doleritc, but granite is also used 
in many cases. 

—— {Textile Mauufac.) See Set. 

Setter {Pot.) A shallow flat seggar in which, 
bedded ux»on ground flint, plates, dishes, saucers, 
and other flat ware are fired in the bisque oven {q.v.) 

Setter Up {Laee Manufao.) A specialist who 
devotes his whole attention to the adjustment of the 
inside of a lace machine. 

Betting {Eng., etc.) (1) Firing the parts of ma¬ 
chinery in their correct jjo.sitions. (2) Bending the 
teeth of a saw. See Saw Setting. 

- {Leather Manufac.) Leather in the wet stale 

is laid fiat on a table, and “set out” by means of a 
stone or metal slicker. The leather is stretched and 
.set out until no growth marks or creases arc visible 
and until quite flat. Also done by setting out 
machines. 

Setting Block {Eng.) A block of iron with a 
curved c<ige, on which a saw is laid when the teeth 
are being set by hammering. 

Betting Coat {Plant.) The finishing in two or 
three coat work. 

Betting Hammer {Eng., ete.) A hammer with a 
thin pane or point, used for saw setting {q.v.) 

Betting of Slide ValTes {Eng.) See Reide 
Valve. 

Setting of Tools. See Shabpenino of Tools. 

Betting Ont {Carp, and Join.) Marking lines on 
the prepared stuff (wood) for the cuts, grooves, and 
the various joints required in the construction of a 
piece of work. Preparing a working BOD [q.v ) from 
which the sizes of the various parts of the construction 
arc ascertained and worked Ui. 

- {Eng.) Marking the linos, centres, etc., on a 

rough casting, forging, etc., preparatory to machining 
and fitting. 

- {Surveying). See Banging. 


Betting Over {Eng.) When conical or tapering- 
work has to be turned in a lathe by means of tho 
slide rest, the back centre or poppet is moved parallel 
to itself in a diraction at right angles to the lathe 
bed, and fixed in such a position that the slant side 
of the conical piece of work lies parallel to the 
central axis of the lathe. This movement is termed 
Retting Over. 

Setting Sole {Typog.) See CoMPOBiNQ Bulb. 
Betting Stick {7^og.) A Composing Stick {q.v.) 

Setting Staff {Build., ete.) See Fine Stxtff. 

Settlement {Build.) (1) The term applied to the 
squeezing out of the morbtr in the horizontal joints 
of brick and stone walls. (2) The general shrinkage 
which takes place in a new building. 

Set Up {Afet.) A machine for shortening and 
thickening a bloom that has been lengthened mil by 
• the squeezer. 

- {Typog.) See Set. 

I Bet Work {Eng., etc.) Bepetition work, i.e. the 
I production of numbers of similar objects. 

t 

{ Seven Poioud Lead {Plumb.) This expression 
I means that one foot square will weigh 7 lb. Tho 
i 1 bicknesH of sheet lead is known by its weight per 
; foot super. 

I {Architect.) The cells or panels between 

I the ribs in (lothic vaulting. See Cell and Bib am> 
Panel Vault. 

Sevres {Porcelain). The National Porcelain 
Manufactory of Franco originated at 8t Cloud at 
the close of the seventeenth century. The manu¬ 
factory proper was established at Vincennes in 1740. 
About twenty years later it was removed to Bevres. 
It has always received Government support. Until 
the end of the eighteenth century Soft Paste wa.s 
exclusively made, and it is celebrated as the finest 
type of soft paste extant. From about the year IROO 
Hard Paste was produced, and it Las been continued 
up to the present time. Ti>c rao.st celebrated period 
of Sevres Porcelain was the middle of the eighteenth 
wntury. when magnificent wares were produced* 
ornamented with rich chaso<l gilding, combined with 
beautiful flower paintings and also paintings after 
Watteau and Boucher. Slie finest colours employed 
were dark blue (Bleu du Boi), turquoise, rose pink, 
and apple green. 

Sewage Removal and Diaposal. See under 

Ranitation. 

BeweP{Sanitation). According to the Public lltialth 
Act, 1875, a sewer means the cliannel receiving the 
drains of two or more houses or separate premises, 
and includes sewers and drains of every description, 
except drains to which the word “ drain ” as inter¬ 
preted l>y the Act applies, and those under the 
I control of any authority having the management 
I of roads and not being a local authorltv under the 
! Act. 

Sewing {Bind.) This term comprehends the 
u.snal metho<ls of fastening together in proiier 
order the separate sections or sheets which make up 
a volume, the work being done on a sewing press or 
by a machine. The principal methods are known as 
(1) Flexible sewing and (2) Ordinary sewing. In the 
former method the thread with which the book, is 
sewn is passed completely round each of the bands 
(y.r.) in the process of sewing, the bands being 
outside the sections. In t he latter method the thread 
simply passes over and outside the bands, which ara 
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*' aawn in ” to facilitate the process. Flexible sewing, 
tberefore, is best adapted for books likely to be sub* 
jeoted to naoh usage. See Bookbinding ; Ebttlb- 
BTiTca ; Ovebsbwino ; Sawing In ; Sewing 
rsEss; Stabbing; and Stitching. 


SeBTlBg Smm (Bind.) An apparatus on which 
the sections (sheets) forming a volume are placed 
to be sewn together 
by band. The five 
strings seen in posi* 
tion are the cords or 
bands (q.v.) which are 
fasten^ at the top to 
loops on the crossbar 
termed lay cords, and 
are fixed at the other 
end by means of small 
implements called 
keys, which pass 
through the slot in 
the bed of the press. 

The sections are placed in one at a time, in numerical 
order, on the bed of the press with the backs against 
the cords. The threaded needle, being inserted at 
the top of the page, is passed along the inside of the 
fold of the section by the left hand until it is oppo¬ 
site the various bauds, when it is thrust through the 
paper, and the thread is either passed completely 
round, i.e. encircles the band, as in the case of 
Flexible sewing (see Sewing), or simply passes out¬ 
side the band ^fore re-entiy, as in Ordinary sowing. 

See Sewing, Key, aTid Lay Coed. 
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Sexpi^ite er Bixpart Vault (ArchUeot.) One of 
the earliest forms of rib and panel vaults. It was 
used before the introduction of the pointed arch 
overcame the difficulty of constructing vaults over 
spaces which were not square on plan. In a sex- 
partite vault two bays of the ai.slc are included in 
one of the nave. The vault over each rectangle is 
divided into six compartments by ribs, and all the 
ribs are arranged as semicircles. See ItiB AND 
Tanki. Vadj.t and Quadhipaetite Vaulting. 


Sextant (Optics, etc.) An instrument formea.Hur- 
ing the angle subtended at the eye of the observer 



falling on a movable minor B, by which it 4s re> 
fleeted to the mirror 0 , and thence to the telescom. 
c is silvered on one-half of its surface only, in order 
that the ray 0, may be transmitted through one-half 
along the path o. A; while the ray o, is reflected by 
the other half aiong the path dea. An arm DH, 
turning on an axis at D, carries the mirror B. If the 
ray o. be parallel to o,, the mirror B must be placed 
parallel to c; H then coincides with the zero of a 
graduated scale engraved along GHK. If B has to 
be turned through an angle kdh, in order to reflect 
the ray o, along the path DEA, then the angle o^OF, 
which is the angle between the rays o, and Is 
twice the angle hdk. E^ich degree on the scale GK 
is numbered as two degrees, and the angle required 
can then lie read o£E at once. The instrument de¬ 
rives its name from the fact that the ai'ms DK and 
D6 arc at an angle of 60“ with each other. In an 
older form these arms were at right angles, and the 
arc GH was a quarter of a circle; this t 3 rpe was 
termed a Qvadbant. The instrument is used at sea 
to measure the angular distance between two celes¬ 
tial bodies, or between one such body and the 
horizon. Its most important use is to find when the 
sun reaches its greatest altitude; the instant when this 
occurs is the time of the sun’s Transit (see Tbansit), 
that is, the time of apparent Solar Noon. This time 
is reduced to the Mean Noon, and by comparison with 
the chronometer, which shows the exact mean time 
at Greenwich, the longitude can be found. 

Sextet (Music). See SESTET. 

Bextuplet (Music). A group of six notes to bo 
performed in the time of four. 

SfoFzando, Sforzato (Music). Forced, accented. 
Usually abbreviatetl to or sfz. Applies to single 
notes or groups of notes which are to be strongly 
emphasi.sed. Cf. Rinfobz.u«do. 

Sfretfazzi (Paita.) The Italian term for the 
method of shading employed by the Venetian school 
of painters. It consisted of dipping the finger in 
colour and drawing it once over the part to be 
shaded, the result l^ing a soft and uniformly thin 
shadow. 

B^afflto (A rckitect.) A method of treating a small 
suifacc, consisting iu covering a coloured plaster 
with a white coat, and then forming the design by 
scratching away parts of the latter and exposing tho 
ground. 

- (Bee.) A method of decoration effected 

by drawing black figures on a white ground, or ru-e 
versa, tho outlines being accentuated by hatchings. 
Often carried out in stucco, (y. GuAPFiTO. 

Bhaekle (Png., etc.) A loop at the end of a bolt, 
etc,, to which a hook or chain can be fastened. 

Bhaekle Insolatop (Pleat. Eng.) An msnlator 
fixed between the ends of two wires or the two ends 
of a cut wire. 

Bhade (Art). (1) A gradation of colour. (2) 
The j»rts of a picture or drawing represented as 
nnilluminated. (3) A colour to which black has been 
added. Jn.st .ns white when added to a colour hi 
different proportions gives a variety of tints, so 
when black is added the result is a variety of shades. 
When a colour is viewed in a somewhat dark room, it 
has the appearance of a shade as compared with 
the appearance tho colour would present if viewed 
in a strong light. See GOLOUBS, Hue, Tint, OTui 
CHIABOSCUBO. 
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Shadiotf (Art). The method of representiog 
shadows, or obtaining relief, effected by gradations 
of colour tones or hatching. See Chxaboscubo and 
Hatch iKQ. 

— (Eng., ete.) Shading is osed in mechanical 
drawings both to give a natural appearance to views 
showing the external surface of an object, and also 
to indicate on a section the material of which the 
object is composed. Various conventional methods 
of shading are used for this purpose. See SECTION. 

Shadow. Ihe region of apparent darkness on 
a surface, duo to the interception of light by an 
opaque b^y, the shadow being an outline of the 
illuminated portion of tlie intercepting body. 

- (Phy».) An area or space within which 

illumination from some particuhu* source or sources 
is cut off by an oixique object. The terra is further 
extended in physics to the cutting off of other forms 
of radiation and radiant energy. Thus the cutting 
off of heat rays produces a shadow whose l)oundarics 
may be detected by the use of the thermopile. A 
sound shadow may be detected in some cases by the 
ear, in other cases by the use of Ihe sensitive flame, 
etc. 

Shadow Bands {Axtron.) The curious appearance 
of duik and light L^nds W'hich are observed to travel 
on the surface of objects during the commencement 
and end of the total phase of an eclipse of the sun. 

Shadow Photometer (Light). See 1’hutometubs. 

Shaft (ArehUect.) Tim central division of a 
column between the base and capital. See Column 
and Abchitectcue, Orders of. 

- (Eng.) A rod or l>ar, usually cylindrical, 

which is used to transmit rotation. 

- (Mining, Civil Eng., etr.) A vertical (les.s 

frcipiently inclined or sloping) hole leading into a 
mine, tunnel, or other underground working. Tlie 
sides are lined with timber, ma.sonry, or iron, to 
prevent collapse. 7'he shaft may be intended solely 
for ventilation, or may contain ladders, winding gear, 
pumping appliances, etc. See Mining. 


Shale (Geol.) Sedimentary rocks originally de> 
posited as thin layers of mud or silt, with pauses 
between the deposition of each layer, so that slight 
differences of mineral oharactei occur at small 
vertical intervals, and the rock, in consequence, splits 
easily in directions parallel to them. In Bootland 
Shales are called Blaes. In the Korth of England 
they are called Plate, and, if silicions, Shiver. Shale 
in Scotland usually means Oil Shale (q.v.) Qf. 
Schist. 

Shallow Water Deposits (Geol.) Sedimentary 
rocks deposited in water of small depth, wliich com. 
inonly alternate with other sediments that have been 
formed at the siirfuce. The prevailing types are 
shingle and gravel, coarse and fine sands, silts and 
I loams, with, more rarely, clays. Limestones seldom 
i occur; but shell marl, and also diatom earth, may 
i form part of shallow water deposits of freshwater 
I origin. Impressions of raindrops and casts of 
I desiccation cracks foimed by the diving of clay beds, 
etc., are specially cliaracteristic of shallow water de¬ 
posits. Kipple marks al.^o arc of common occurrence. 

I Shallow Wells (Economic Geol.) This term 
; should bo understood to mean wells where water 
, supplies are chiefly drawn from waters percolating 
\ into them directly from the surface, as distinguisheii 
1 from those wells whose supply is exclusivelj’ derived 
' from waters which have circulated through the solid 
I r< ick. A well supplied from t ho water which generally 
I occurs at tb.e bottom of the river gravels of tlie 
1 Thames Valley is a good example of the former; 
i while a well sunk deep into the chalk of the same 
J district, and exclusively hujipliid Irom that source, 
is a typual example of the latter. Shallow wells 
' are |>ariiou]ar1y liable to surface contamination from 
' middcn.s, cesspools, drains, and other sources of 
I pollution, and aic often, therefore, dangerous sources 
[ of disease. In those wells in wliieli proper care is 
i taken to exclude all surface waUTs, no such danger 
! can exist, even though their actual depth may lie 
I but small. Un the other hand, a well of considerable 
depth, if surface waters am not rigidly exclndod, 

, may at any time prove to be a source of danger. 
See aUo Sanitation. 


- (Silk Manvfar.) See HeddIjI:. 

Bhaftinj (Sng.) A coraiirehcnsive term for a 
number of shafts; often u.scd to include their 
bearings, pullcjs, etc. 

-, Flexible (Eng., etc.) Shafting m.adc of 

some flexible material, or construct(;d with joints 
which permit lateral bending wliile rotary motion is 
being transmitted, are used to actuate certain kinds 
of mechanism, e.g. small drills sncii as tlio.se nsed 
by dentists. A flexible shaft is also nsed in certain 
cases where a very higli vcliKiity of rotation occurs, 
as in some forms of steam turbine, in order to 
diminish the risk of fracture. 

Shaft Tunnel (Eng.) Tiic passage or tunnel 
through which the siiaft of a screw propeller runs 
from the engine to the stem of the vessel. 

Shake ( Carp., etc.) Cracks or fracl nres produced 
in tirairer. due to shrinkage. See Woods. 

- (Mining). A crack or opening in a viin or 

rock. 

- (Print) An imperfect impression caused 

by a defect in the press or machine, and giving a 
blurred appearance to the printing. 

- or Trill (Miuic). See Orkahents, p. 478. 


Shamrock (Butany). Tri/olitttn repent (’onle.r, 
' JjegwminoM). a plant common in most U-niperatn 
' regions. The original shamrock is bclicvetl by tome 
' wrii.ers to have been Oxalit aeetoeclla. 

i Shank. (1) A handle. (3) In the foundry a bent 
I bar serving as a support for a ladle, (.'t) The main 
part or body of a tool such as a drill, slide rest, 
I tool, etc. Cf. Tang. 

; - (Join.) Tlie straight {xirt on the cud of a 

i wreathed handrail, 
i- See Types. 

Shap Granite. See Buildino Stones. 

! Shaping (Eng.) Work carried out in the Shaping 
: Matiiine (q.r.) 

Shaping Machine A machine tool in which 

! a toid resembling that used in a slide rest is moved 
, iiaekward and forward in a horizontal line, so a-s to 
, act on a piece of work fixed upon the table of the 
machine. Its cutting action is similar to that of a 
[ilauing machine, but it is more convenient for use 
in the case of small or awkwardly shaped objects. 

Sharp (Mvtie). Marked by It raises the 
note before which it is placed a semitone. See alto 
Double Sharp. 
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Bharpenad 8th (Mutie}. The chord oonsisting of 
the Dominant, Leading-note, 8ab-dominant, and 
sharpened Bnpertonic, so called by Theorists opposed 
to the Day theory iq.v.) 

Sharfienliig of Tools. This includes (1) GaiNDiNa 
on a grindstone or emery wheel, or an equivalent 
operation, in order to bring the edge approximately 
to the required form (2) SBTTiNa or sharpening 
proper, in which the final form is given to the catting 
edge by oil stones or hones. The final setting is as 
important in the proper sharpening of tools for 
catting metal as in tire mnch keener edges used in 
woodwork, if a good finish or accurate work is 
required. 

Sharpening Blip {Carp., Eng., etc.) A piece of 
atone for shtirircning or setting the edges of curved 
cutting tools. 

Sharpe's Classlflcation {Arohitect.) See CuBvi- 

LINBAU. 

Sharp Mixture, Shrill Mixture (Mtutic). One 
of the stops in organs. Sett p. 439. 

ShaTe Hook {Plnm.h.) A scraper for shaving off 
tire Iciid where a joint has to be made. 

Shaving {LctUher Mamtfac.) Ilides and skins for 
< <>rtain purioses are shaved to even snb.stance. This 
is one of the most delicate o][)erations in finishing 
leather. The operation is mostly done by band on 
an upright btiam with a knife, the edge of which 
has been turned at right anglds. For rough work 
machines are now used. 


- CPhtmh.) Paring away the surfaces from twf> 

piece.s of lead that iire to be soldered together. 


Shaving Tub (.Hint!.) The receptacle into which 
tlie paiHT falls wlien the edges of a book are being 
cut previous to binding. 

Shawm or Shalm (ArehtPol.) That mentioned in 
the I’rayer Hook is, aceoMlmg to tlie late Sir John 
Stainer, tlie ramsiiorn or horn truni{x;t. 





Shear {Phyg., Eng., etc.) Let A B (■ D any 
piece of material, with tlie edge D C rigidly fixed. 
Let a tangential force, who.se 
amount is f units of force per 
unit area, be applied to tlie 
face A B in the direction of 
the arrow. Then the material 
will in general he distorted 

into the foi in A' It' C 1 ►. The -j- 

angle A D A' or B B' i.s 
termed the Subak or SllEAB- Shkau. 

Ijta Stkain, and the force / the SiiBABlBO 
Btbbss. A shear can be produced without alteration 
in tlie volume of a body, as, for example, when one 
end of a cylindrical rod or wire is rigidly fixo<i, and 
the other end twisted. This is the form of stress 
w'hich exists in shafts which are used to transmit any 
rotary motion. The ratio 

Shear ing Stre ss 
Shearing Strain 


is termed the Coefficient of IUoidity, Cof.pfi- 

CIENT OP TBANSVBBSE ELASTICITY, MODULUS OF 

Bigidity, or simply the Biqiuity, 


Shearing {Eng.) (1) Cutting material by means 
of shears or a shearing machine. (2) The production 
of a Shearing Stress or Strain. See Sheab. 

- {Qeol.) A term applied to the mechanical 

results upon rocks resulting from a differential move¬ 
ment of the part on one platform as compared with 


that immediately below. The phenomenon is ono. 
tliat nsnally accompanies great terrestrial disturbances 
deep within the earth’s crust. 

Shearing Machine (JSng.) A machine driven by 
power and provided w’ith strong jaws or knives for 
catting iron plates or bars. Largely used in boiler 
shops, etc. 

Shearing Strain {Eng^ See Shbab. 

Shearing Stresi {Eng.) See Sheab. 

Shear Legs {Eng.) See Sheebs. 

Shears. Cutting tools for sheet metal, glass, etc., 
having a mode of action resembling that of scissors ; 
the tool may be actuated by band or power; in the 
latter case it is usually termed a Hhgabikg AIachIEB 
tj.v.) 

Shear Steel {Met.) Steel which has been formed 
from a number of bars of common steel made into a 
Fagot {g.r.) This is he<ated to tlie welding tem- 
(Ksrature and drawn out. If the operation is repeated 
Double Sheab Steel is produced. 

Sheave {Eng., etc.) (1) A small wheel with a 
groove in its periphery in which a rope or belt can 
I run. (2 ) I'he central portion or disc of an Eccemtbic 
' (q.v.) 

Shed {Textile Manufao.) Tlic space or opening 
between warp threads when they are scfiarated for 
tlie shuttle to pass through. Sec Open Shed, 
Closed Shed, and Loom. 

Shedding (7ha!ri7cjVa«w/he.) The primary move¬ 
ment of the loom. The formation of a division or 
“ slied ” in tlie warp threads by the healds to allow 
the shuttle to pass through, so as to effect an inter¬ 
lacing of warp with weft. The shedding motions 
i are: Tappet, Dobby, Jacquaud {q.r.) See also 
Loom. 

Sheep {Bind.) The teim applied to various cheap 
kinds of binding done with sbeep-skin. 

Sheepxfoot {Print.) A hammer with an iron 
haiulle wliich has a claw at the end. The hammer 
is ii.scd for fastening formes in the press, and the 
claw for raising the formes 

Sheer Poles {Eng.) The poles of a set of Shreb 
Legs: Sheebs. 

Sheers. A tall hoisting apparatus consisting of 
■ two or three pieces of timber, etc., erected so as to 
incline towards each other at the top, where tlicy 
are fastened together and the necessary tackle 
' for hoisting attached. Sheers are employed for 
I in.TStiiig and disma.sting sliips, putting in marine 
; boilers and engines and otiier similar operations. 

Sheet (Print.) llie perfected section of a printed 
work, i.e. printed from outer and inner formes. 

Sheet Qlasa. This is used chlefiy for glazing, and 
has cntin-ly superseded Crown glass for the purpose, 
owing to reduction of wa«te and the larger size of 
the sheets. Figured rolled sheets of various cjilours 
and patterns arc manufactured in a manner similar 
lo tolling plate glass, the pattern being incised upon 
the toller. These sheets are cut up into shapes 
suitable for designs in leaded lights. See FUBNACB, 

Glass Manufactube, and Ceows Glass. 

Sheet Inm {Eng., etc.) Thin plates of iron, such 
as are n^ed for making Tin Plates (q.v.) The 
thicker plates (those shove in.) arc not termed 
sheet iron, hut Boilbb PLATES, etc. 

Sheet Llghtniii^ (Meteorel.) A sudden glow 
which is not confined lo a line, as in the case of 
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ordinary ligrbtmng;. It is probably tbo reflection of a 
more distant flash of ordinary lightning occurring 
in many cases below the horizon. 

Sheet Metal Oan^e (JEhtg.') A flat plate witii 
notches, whose width serves to determine the gange 
or thickness of sheet metal. The width of the 
notches may correspond to the numbers of the 
various WiBB GAtrOES (g.v.) or may be definite 
fractions of the inch, etc. 

Sheet Piling {Civil Eng.) Piles driven into the 
ground close together, so as to form a continuous row. 
They are usually braced together, and the joints filled 
up by caulking, in order to form a water-tight 
partition. In large works two parallel rows of sheet 
piling are used, and the space between them is filled 
up with clay. 

Sheet Tin iMet.) This term is applied to thin 
plates of good wrought iron or mild steel, coated with 
metallic tin. See Tin I’IiATEs. 

Shell {Eng.) The outer part of various objects, 
e.g. of a boiler, considered apart from its fittings, or of 
a ship, apart from the internal work, machinery, etc. 

Shellac. A brittle resinous substance produced 
by an insect. It consists of about 80 per cent- resin, 

6 per cent, wax, colouring matter, etc. There arc six 
varieties in commerce, viz, stick lac, lac dye, shell 
lac, seed lac, button lac, and shellac rods. It is 
largely used in the manufacture of wood poliwlies and 
of spirit and other varnishes. See Lac and llGSiNS. 

Shell, Magnetic. See MAaNExic ishkll. 

SheU Marl {Owl.) Usually a freshwater deposit 
formed at the bottom of quiet sheets of water, and 
consisting partly of the deatl shells of freshwater 
molliisca, but mainly of a mixture of line clay aD<l 
calcareous matter resulting from chemicitl i)recipita- 
t ion. The word “ marl ’’ properly means any rock that 
readily crumbles away on exposure to the weather. 
See IdABL. 

Shell Plates {Eng.) The plates composing the 
outer part or shell of a boiler. 

Shell Transformer {Elect. Etnj.) See TitANti 

FOUMEHS. 

Sheraton. In this country Shenaton furniture 
stands next in repute to Cliippendale. Though not 
so original as his predeces-sor, Thf>ma 8 .Sheraton 
showed more skill in the adaptation of French 
forms, viz. Louis Seize and Empire; hence his work 
covers a wider field. Sheraton was born at Stockton- 
on-Tees in 1761, came, to London in ITiHJ, and the 
folltjwing year published The (hbinetniaher and 
UphelHtere.r's Draiebig Jtook, whicli was succeeded by 
an accompaniment and an appendix. The second 
edition of this standard work appeared in ITfiH, and 
the final one in 1802. In 1803 was issued The Cabiwit 
Dictionary; or. Explanation of All Terms used in the 
Cabinet, Chair, and Upholstery Jirwnches, and next ' 
year ho commenced the publication in serial form of j 
The Cabinetmaher and Artist's Eneyelopadia, to lie ; 
completed in 125 parts, of whicii hut thirty were ! 
before the public at tlio time of his dembe in 1806. ; 
hheraton w'as trained for the profession of an arclii- ! 
lect, and his studie.s proved of great value in his 
life work. His designs are drawn to scale with 
mathematical precision, and he effected a meri- 1 
torious combination of such diverse styles as those i 
of Louis Xn,, 8 ir W. Chambers, and the brothers ; 
Adam; he also rendered in w’ood the famous Queen 
Anne swan-necked pediments. Bkeraton’s designs 
comprise painted wood mantclpiec.es, drawing-room 


panels, pier tables, square mirrors, door cases, 
cornices in the aforenamed blends, satinwood 
cabinets, clock cases, commodes, toilet tables, 
Pembroke tables and chairs. The satinwood pieces 
were painted in devices of wreaths, flored and ribband 
festoons, comnoopisB, medallions, trophies, and alle¬ 
gorical figures. There is a beautlinl toilet table 
(No. 635) at South Kensington in the latter style. 
For his veneers Sheraton need the most costly 
mahogany; for inlays, purple wood, box, and occa¬ 
sionally stained woods. To divide his panels he 
employed the Ionic 
pilaster. Among the 
novelties which we 
owe to Sheraton may 
be named the kid¬ 
ney shaped writing 
table; the sideboard 
with concave fronts, 
for which the ser¬ 
pentine form was 
occasionally substi¬ 
tuted ; and' last, not 
least, “Rudd’s 
Table,” for toilet 
purposes, fitted with 
a central and two 
flanking mirrors, 
which last, rising by 
a ({uadrant, could he 
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turned from a vertical to a horizontal position, thus 
reflecting the back of the head. A reversion in the 
type of chairs favoured by him was that to the 
ancient classic curulc, the seats ornamented with 
masks of men and animals. The metal emidoycd 
fur the Empire work was brass; unfortunately this 
led him to decorate his carved wood pieces with 
bronze green or gilt. The effect after lapse of time 
proves this to be a serious error, as may be seen in 
Nos. 45 Sind 46 at South Kensington. The only other 
i-pecitnens of Sheraton at this Museum are Nos. 407 
and 408, a pair of marqueterie chairs. Among the 
curiosities devised by Sheraton may be mentioned 
“gouty stools,” chamber horses, “libraiy steps 
planned to fold up within the Royal writing table,” 
bidet dressing tables transformed by closing into 
stands, and “a pulpit with inltiid panels and a 
sounding board surmounted by an acorn shaped 
ornament.” Sheraton's magnum opus. The Cabinet- 
maker and Uphotstern^s Drawing Book, was re- 
ptiblisoed in Ik 95 by Kessrs. Bat.«iford. 

Bheriogham Yalve. This ventilator consists of a 
small vertical trap door (usually 9 in. by 3 in.) in the 
wall near the ceiling, liingetl at the bottom and cased 
at the sides, so that the air, which enters through a 
jierfurated brick or grating, is directed upwards. It 
can be opened or closed by means of a balanced 
weight. 

Shield {Arm.) A piece of defensive armour made 
of wood, hide, or metal, or a combination of these 
substances. It was car-ied on the left arm. 
and used for warding off blows or missiles. The 
earliest known examples are circular in shape and 
almost fiat on the outside; they <lato from the 
Bronze age. The shield continued in use until the six¬ 
teenth century, by which time firearms hod rendered 
it practically useless. The Norman shield was tri¬ 
angular or kite shaped, eventually becoming shorter 
and convex on the outside, i.e, curving towards the 
body, the latter form being known as a heater'^ 
shield. Clf. ScoTUX. 
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Shield (^Cioil Sag.) A structure used ia tbo 
excavation of tunnels, especiallj through loose or 
wet strata. The outline commonly follows the shape 
of the tunnel; it supports the roof and protects the 
men who work inside the shield. As the material 
in front is removed, the shield is pressed forwttfd by 
rams or other mechanism, and the masonry of the 
tunnel is filled in behind it. In some cases 
the shield itself carries mechanical excavating 
appliances, driven by power. 

- {Eng.) Ill general a cover or screen em- 

ployetl to protect some part of a machine or to gtmrd 
workmen from injury by the mechanism. 

-(ZTw.) The escutcheon upon which heraldic 

charges are blazoned. The space enclosed by its 
bounding lines is termed the FieM, the colonm 
used in the field are termed Tinctures, the lines used 
in dividing the field are termed Partition Lines, and 
the various objects which appear on the field are 
known as Charges, The heraldic shield or escutcheon 
has assumed various forms at different periods. The 



1. TrianmilsT Bbield. 4. Shield of Georgian iierhxl. 

2. Heater ahaped Shield. !>. Kucoco Shield. 

S. Shioldd boaclu. S. Modern Shield. 

most ancient arc simple, but in later times their 
outlines became more elaborate. The custom of 
blazoning arms on shields arose in the Middle Ages, 
when nobles and knights in armour bore devices on 
their shields in bal tic for the purpose of distinction. 
See Hebaldey oTid- Toikts op Sitield. 

-, Electric and Magnetic. See kcbeen. Elec¬ 
tric AND Magnetic. 

Shielding, Electric and Magnetic. The aetimi of 
an electric or a magnetic screen. Sec ScUEEN. 

Shield of Pretence {Jler ) A small shield bearing 
an escutcheon is in some cases placed u]x)n the centre 
of another shield. The shield of an heiress is 
sometimes thus “ pretended " upon the arms of her 
husband. The arms of Hanover were placed on a 
shield of pretence <m the Iloyal Arms of England 
during the reigns of the kings of that house. 

Shifting Link (A;%.) The slotted link to which 
the ends of the eccentric rods are attached. See 
Link Motion. 

Shingle A term that ought properly to be 

restricted to the accumulation of rounded stones 
worn by the prolonged action of water in motion, 
which would leave the terra gravel for the angular 
and subangnlar stones such as fiorir so much of the 
lliames YrSley and the Basin of tlie English Channel. 

Shlngler (Afr4) A workman emph yed in Bhino* 
XAWO 


ShlnglM CBuUd.) Boards of V-abi^d section, 
commonly | to 1 in. thick at one edge, but tapering 
towards the other edge. They are made from some 
wood which splits easily along the grain, such aa 
some species of oak. Used for roofii^, fencing, etc. 

Shingling (^Met.) The squeezing and hammering 
of the ball of spongy iron from the puddling furnace 
to weld the iron into a bloom or stamp and expel 
■slag, etc. 

Ship Canal E^.) A canal intended for 

the passage of ships; chiefly differs from an ordinary 
canal in its greater size, and in the fact that it mnst 
be constructed at a low level without embankments.. 
The Suez Canal was originally 26 ft. deep, but 
this has been increased; most modem ship canals 
are about 30 ft. 

Shippers (^Build,") A term now frequently used 
lor sound, hard burnt bricks, but of a bad shape. 

Shipping. (1) Placing on board ship. (2) A 
gcucrar term for putting in place some movable 
object, e,g. placing a belt on the pnlleys. 

Shipping Measarements. The extreme length, 
breadth, and depth of an object measured to the 
extremitips of all projections; they may be taken 
as approximately equal to the size of the box which 
would contain the entire object. Shipping charges 
arc based on this size, and not on the actual hulk or. 
weight of the goods. 

Ship Plates (.Eng.) Iron or mild steel plate not 
of the best quality, but of sufficient tensile strength 
for use in the hulls of ships. 

S.H.M. Simple IIabmokic Motion (g.v.) 

Shock {Eng.) A sudden stress, whether produced 
by a blow or otherwise. 

-, Electric. The effect produced on a living 

organism by the passage of electricity through the 
tissues. 

Shoddy. Coarse and inferior cloth, composed of 
the fibre of old woollen or worsted fabrics which 
have been torn up or “ devilled ” and respun with the 
admixture of fresh wool of inferior quality. 

Shoe (Build.) The lower end of a rain water pipe 
sliooting out from the wall. 

- (Eng.) A metal t ap placed on the end of 

beams and poles to prevent undue wear or to facilitate 
the attachment of other objects, etc. 

- (Class Mammae.) A fireclay box placed oa 

one siile of the pot and projecting into the furnace. 
Used for heating the gathering irons and ponty. 

I Shone System (Sanitatum). This system of sewage 
I removal is useful where the grouml is fiat and there 
: is difficulty in getting a fall. The sewage is col¬ 
lected in cylindrical reservoirs, known as ejectors," 
and forced from these tanks through pipes to the 
I outfall by means of compressed air. 

I S-Hooks (Foundry). Iron hooks hanging inside 
moulding boxes and serving to support the sand. 

Shoot (Silk Nanvfar.) Sec Wept. 

Shooter (Tgpog.) See SHOOTING Stick. 

Shooting (Joinery, ete.) Truing the faces or 
edges of b«ards, etc., by means of the trying plane. 

Shooting Board (Joinery, ete.) A board on which 
a piece of wood is laid when an edge, etc., is being 
nccnrately planed. The wood is placed on the- 
shooting ward with the edge required to be trued up 
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■projecting over a rabbet or depression, along whicli 
the plane is moved. The edge of this depression 
guides the piano in a straight line. 

Shooting Stan {Aftron.) See Metbobs. 

Shooting Stick (Typog.') An implement made of 
wood, steel, or other hard material, and used in con* 
junction with the mallet for locking up formes of 
type. 

Shop Front (auti Join.) The whole of the 
front of a shop, etc., woodwork, from the comice to 
the pavement. 

Shop Tools (Eng.) The smaller article.*! provided 
by the owners of the workshops, as distinguished 
from the machine tools on the one liaiid and the tools 
which are the private property of the workmen on 
the other. 

Shop Traveller (£ng ) A travelling crane used 
for lifting heavy objects in the workshop. Usuallj' j 
fitted in every department of the engineering shop i 
^3xcept that of the pattern makers. 1 

Shore (,Geol.) The zone between tide marks, ■ 
■which is tliat of the greatest biological activity, | 
-as well as that along whicli marine erosion chiefly i 
operates. j 

-, Shoring {Carp.') Shoring is a method of j 

furnishing temporary .support to walls or other , 
parts of a straoture during alterations or excava¬ 
tions which affect their stability, or when they show 
sig^B of yielding from other causes. For this pur¬ 
pose timbers termed 8hobes are used. An inclined 
^support, reaching from the ground to some point in 
"the wall, etc., is termed a Kakikg Shore. Two or i 
more raking shores extending from the same point 
(or nearly so) on the ground to different points on 
tlie wall, form Double Raktno Shores, Treble 
Kakikq Shores, etc. An inclined support extend- ! 
ing from a jioint on a shore to some point t>n tlie 
wall above is termed a Rider. The lower end of a 
raking shore rests on a flat timber termed a Sole 
Piece or Foot Rlock ; the upper end rests against 
a flat timber placed vertically against the wall, and 
termed a Wall Piece. Into thi.s wall jiieee i.s 
mortised a rectangular piece of wood trrme<l a 
Needle; one end of this passes through the wall , 
piece into the wall itself, the other projects sufli- j 
eientlj’ to enable the top of the shore to abut against i 
it. A Flying Shore is a horizontal support extend- '■ 
ing between two walks, the ends abutting on wall ' 
pieces. Dead Shores arc vertical timbers supfiorting ’ 
the masonry over an opening {e.g. a shop front). ; 
The feet of these shores re.st on Sleepers or ; 
Fenders, horizontal timbers laid on the ground, 
and their tops carry transverse uieinbers (termed ‘ 
Needles) on which the masonry rests. The adju.st- 
ment of stioring is largely effected by wedges, and 
the joints are secured by iron dogs, hrmp iron, or 1 
additional wooden members nailed or spiked to the 
main timbers. ; 

Short (Elert.) A contraction for Short Cibctiit ' 
iq.r.) 

- (Met ) Brittleness in metals, especially iron ; 

and steel, due to the presence of certain impurities. . 
Sec ('old Hhobt and Red Shobt. i 

Short Circuit (Elect.) An electrical connection j 
'between two fioints in a cirenit which provides an ! 
alternative path for the enrrent, and thereby diverts . 
it from the main circuit to a greater or less extent. 

Short Ooluma (Eng!) A column whose diameter 
'is a largo fraction (| to i) of ks length, and whose 


tendency to bend under its load may therefore be 
neglected. 

Short Grou (Typog.) The shorter and usually the 
broader bar which divides the inner space of an 
ordinary book chase. 

Short Oetsve (Mueio). A term given to organs 
which had an incomplete scale at the lowest end of 
the manuals. The notes were arranged to give aa 
many “tonics” as possible without the expense 
of adding the larger pipes of the complete chromatic 
scale. The order of the sounds differed, but the 
following shows two arrangements of the notes : 



Short Period Comets (Attron.) Comets which 
have periods from tliree to eight years in length. 
Spoken of sometimes as Jupiter's family of comets. 

Shorts (Typog.) A term applied (a) when the 
printed sheets are le.s.s than the number required; 
(b) to describe the accented vowels a v I o ii. 

Shot Edjos (Carp, and Join.) The edges of a 
hoard which have been jdaned straight by the process 
of SHoOTI.S’G (q.r.) 

Shoulder (Eng,, Carp., etc.) The jiart of an 
object at which I her.-', is a sadden increase in width 
or diameter. The term is often restricted to the 
surface at this |>oint, which is at right angles to 
the main .axis of the object, e.g. the portion of a 
tenon joint which forms the abutment. 

Shouldered Arch (Architect.) A lintel over a 
iloor opening re.st ing on two projecting corbels; a 
common method of ci'n.struetion in Early English 
work. 

Shoulder Notes (Typog.) Notes placed in the 
margin at the top of a page. Sec Notes. 

Shoulder of Type. See I'tpes. 

Shoulder Plane (Join.) A metal rabbet plane for 
shooting the sliuuldcrs of tenons, etc. 

Shove or Shive (Linen. Manvfac.) When the flax 
is being scutched in order to separate the fibre from 
the bone or woody stem, the latter is broken up and 
driven out by revolving bhulcs, and a large quantity 
of refuse is thus produced which is called “ shove" 
or “ shive.” It is often, after the tow or short fibres 
are extracted from it, burned in the scutch mill fixes. 

ShowerSt Meteoric (Aetron.) See Metbobs. 

Bhnlmi. A casket or other receptacle for sacred 
relics, or a small chapel, etc., sanctified by the 
presence of such relics. An altar. 
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fihri^dUige (Foundry"), The contraction of a cast¬ 
ing while cooling. 

Bhrinking Head (Fomdry), A Feedbb (j.v.) 

Bhrtnking On (Eng., et.o.) Fixing on a tyre, etc., 
wliich is made slightly smaller than the wheel to 
which it belongs. By heating the tyro it expands 
sufficiently to allow it to be placed in position, and 
its contraction on cooling holds it firmly in place. 

Shroud (Eng.") A flange connecting the ends of 
the separate teeth of a gearwheel. A Fhll 8HBOTTD 
is one whose depth is equal to that of the teeth, 
so that the latter do not project at all. The wheel 
earing with the fully shrouded one will therefore 
ave no shroud. A Half Bbboud, or flange of half 
the depth of the teeth, may be employed in the case 
of both wheels. A shroud increases the strength 
of the teeth to a very considerable extent, but is 
difficult and expensive to cast, and the teeth cannot 
l>e cut or finished by the aid of rotary cutters. The 
terra “ shroud ” is also applied to the flanges which 
support the floats of a waterwheel. 

Shrouded Wheels (Eng.) Toothed wheels pro¬ 
vided with a Siiitouu (g.v.) 

Shunt (Elect.) A branch conductor or circuit I 
connected in parallel (g.v.) with another or main j 
circuit between two given points. The current j 
divides itself between the two branches in proper- | 
tion to their conductivity. A shunt may be used for | 
various purposes, e.g. to draw* off a portion of tbe j 
main current for some 8[)ecific pnrjx>se, us in the 1 
Bhunt Dynamo (g.r.), or merely to reduce tbe current i 
in a part of the main circuit, as in the case of a 
galvaimniefer. In this instance a sliunt is used 
when tlie current is too large to be passed through 
the instrument with 8afct\, or too large to give a 
reiulable ilctlcction. If G be the galvanometer re- ! 
sistaiice, 8 that of the shunt, the fraction of the : 
current wliich passes through tlie galvanometer is 

__ It is usual, where the amount of the , 

H + ii ; 

current has to be found, to make 8 w vin ■ 

G, when '1, *01, or •001 of tho main current passes i 
through the instrument. The factor by which the | 
current through the galvanometer must be multiplied \ 
in order to obtain tho total current Is often termed 
tlie MULTirLYlNG I'OWKB OP THU SHUNT. 

Shunt Dynamo (Elect. Eng.) See Dynamo. 

Shuntin g (Elect. Eng.) i'roviding or using a 
Shunt (g r.) 

- (llailtvaya). Diverting rolling stock from 

one set of rails to another. 

Shunt, Multiplying Power of (Elect.) See Shunt. 

Shunt Wound Dynamo (Elect. Eng.) See 
Dynamo. 1 

Shutter Weir ( Civil Eng.) A weir consisting of 
panels or shutters turning about n horizontal hinge, 
nsually placed a Tittle above the eentrt^ When the 
weir is closed, the top of the siiutter is inclined 
down stream, and tho bottom rests against a sill or 
lodge in the bed of tho stream. 

Shutting (Eng.) Closing up a joint by welding 
or hammering. 

Shuttle ( Weo.Hng). An oblong shaped hollow 
receptacle with pointed ends, used in the loom for 
carrying tho weft backwards and forwards through 
the shed (g.n.), so tliat it may inteilace with the 
warp threads and form woven cloth. The principal 


woods of which it is constructed are boxwood, cornel,, 
persimmon, and apple-tree. In tbe hollow wrt of 
tbe shuttle is fixed a tongue or peg, on to which the 
cop, pirn, or quill, containing the weft is slid. The-- 
reciprocating movement of the shuttle is effected hy 
the “picking motion” (g.v.) The weft thread from 
tbe cop, pirn, or quill is passed through eyes in the 
shuttle, in order to regulate the tension. See aZttr 
Loom, Shuttmng, and Slet. 

Shuttle Box ( Weaving). An enclosure or terminus 
at each end of the shuttle race, from the one to the 
other of which the shuttle is ejected and received, 
and in wliich the picker or driver works for pro¬ 
pelling the shuttle. A bulging steel spring fitted at 
j the side of tlie box serves to neutralise tbe force of 
the shuttle when entering. See Buuttlb. 

Shuttle Guard ("iVeaving). A thin wrought iron 
' rod the widtli of the sley top, and to which it is 
affixed in order to reduce the chances of a shuttle 
fl>ing out of shed. 

Shuttle Machine, Schiffle (Zace Mannfao.) That 
form of Swiss embroidery machine wherein a series 
of needles and shuttles are employed, constituting 
it a very speedy machine. 

Shuttlfi Protector ( Weaving). An attac;hmcnt to 
a loom for preventing traps, in case the shuttle fails 
to reach the shuttle box. Two kinds: (1) Ixiose 
rcod ; (il) Fiist reed. 

Shuttle Race or Trashboard (Weaving). A long 
narrow board fixed on tbe upper part ot the sley,. 
and on which the warp threads of tbe lower part of 
the shed rest. The shuttle traverses the shuttle 
race when passing through the slied. The shuttle 
race should be made of short grained hard wood, 
well seasoned, so that it will neither split nor warp^ 
and it must have .a smooth surface. See Loom. 

Shuttling ( Weaving"). Tlie method of controlling 
tlie shuttles or bringing tlie requisite shuttle and 
kind of yarn into jjositioii for the successive sheds ia 
weaving. See Loom. 

Si ((Them.) Tbe symbol for Silicon (q.r.) 

- .(Music), The Sol Fa name for B. 

Siccative (Dee.) Sec Dbiebs and Patent Dbibbs» 

Sicilian (Textile Mannjac.) A fabric which is 
similar, as r^ards materials, to mohair lustre, but 
thicker weft used, in order to produce a matted 
appearance. 

Sickening (Mining). Flouring (g v.) 

Bide Chadns (Cheni.) When an aliphatic re.sidue 
enters in any position as a substituent in a ring 
c mpouud it is called a side chain. £=aiupia r 
£ih}I bensena 

C. CH,CII, 

no V CTi 
CM 

here the group fTljCH, is called tho side chain. 

Side Chisel (Woodnwk). A chisel with the 
cutting edge at an angle other than a right angle 
with the blade. Ust*d in wood taming. 

Side Dram (Music). See Musical Insteuments, 
p. 444. 

Side Elevation, An external view or drawing of 
the side of an object. 
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Lever Engine (£na.) An obsolete form of 
beam engine {see BTEAit Emoihe), with the beam 
placed low down, near the base plate. It was one 
of the earliest forms of marine engine. 

Bideaotea {Typeg.) Notes placed in the maigin 
of a page as distinguished from footnote. See 
Notes. 

Side Rabbets and Join.) Planes for planing 
the right and left Land sides of grooves. 

Sidereal Day {Astrofi.) The interval of time 
between two successive passages of a fixed star ovcj' 
a given meridian. 

Sidereal Month {Astron.) The time it takes the 
moon to make her revolution from a given star to 
the same star again, as seen from the earth’s centre. 

Sidereal Moon (A«<ron.) Bidebeal Time. 

Sidereal Time {Astron.) The sidereal hour is ^th 
part of the sidereal day {q.v.) The time is reckoned 
from sidereal noon, ije. the instant when the vernal 
equinox is on the meridian. It is the hour angle 
of the vernal equinox or the right ascension of the 
observer's meridian. 

Slderlte {Geol. and Win.) (1) A synonym for 
Chalybitb {q.v.) (2) A term sometimes applied to 
the nodules of clay ironstone commonly met with 
in connection with the shales of the Carboniferous 
Rocks. 

Siderography {Engmv.) Litei'ally, the art of 
engraving on steel or iron, but more esiiecially a 
method of engraving effecu'd on soft steel plates, 
which are subsequently hardened and the design 
transferred to a soft steel roller, which is in turn 
hardened and used for printing from. 

Siderostat {Astrvn.) A form of instrument com¬ 
posed mainly of a plane reflector and a driving 
clock, for reflecting the light of any celestial object 
horizontally in a southern tlirection. Generally used 
in conjnnction with a telescope mounted horizontallv. 

' Sidestiok {Tyjwg.) A narrow piece of furniture, 
straight on one side and tajHiring on the other. It 
is placed at the side and at the foot of pages, 
so that a space is left l>ctwcen it and the cha.se in 
which the quoins may he driven with-the mallet and 
shooting stick when locking up. 

Side Tank {Eng.) A water tank placed along the 
side of the boiler of a locomotive; used chiefly in 
small engines such as contractors' locomotives. 

Side Tool {Eng., eto.) A tool whose cud la bent 
round or so formed that the catting edge is parallel 
to the axis of the tool. 

Sle^e (Glaa Manu/ac.) The floor or bed of the 
furnace. 

Siemens-Martin Process {Me(,) See Ibon and 

SlEMEES I’BUCESS. 

Siemens Process {.Vet.) The production of steel 
from pig iron by means of an open hearth process in 
a reverberatory furnace. The j>ig is mixed with a 
suitable proportion of scrap steel or malleable iron, 
melted in the furnace, and spiegel or ferromaugaue.se 
{q.v.) afterwards added. In a modification of this 
process the pig is fused with iron ores rich in oxide 
of iron; while in the latest form, termed the 
KiBStENs-MABTiN I’BOCEBB, both iron ore and scrap 
iron are used. The furnace is of the regenerative 
type (q.v.), the charge being melted by the com¬ 
bustion of the gases in the chamber of the furnace ; ’ 
by proper regulation of the supply of air, the gases 


may be caused to exert a reducing or an oxidising 
eJEect on the met^, or may be rendered nentral, so 
as to have no direct chemical effect whatever. 
Impurities of the pig iron such as phosphorus may be 
removed in the form of slag by providing a furnace 
lining of dolomite {q.v.), and thus steel may be 
obtained ready for casting. See also MBTALnuBOV. 

Sieve. A screen of mesh work composed of 
varioms materials and various degrees of fineness (i.e. 
size of opening) according to the particular purpose 
for w'hich it is required. In assaying, crushed ores, 
etc., are caused to pa8.s through a sieve of eighty or 
more meshes to the linear inch. 

Sight Feed Lubricator {Eng.) A lubricator in 
which the supply of oil is visible to the eye. 

Sight Holes {Met., etc.) Openings through which 
the iuteriur of a furnace can be seen. 

Slgiliaria. The name given to certain forms of 
jilants found in coal formation; so named from the 
seal-like markings in their stems. They have no 
representatives in modern vegetation. 'I'beir roots 
ai'e known as Stigmaria, 

Signal, Holmes*. See Holmes’ Siqhal. 

Signals and Signalling {BadvMys). See Rail- 

W’AVS. 

Signature {Mveie). The signs at the beginning of 
a musical composition. Signatures are of two kintls, 
the key and the time, (i^ Kev Siomatubb and 
Time Signatube.) When a change of key signature 
occurs in a composition it is usual to cancel so much 
of the former signature as is not required. In 
Beethoven’s Bonata in Bf), Op. 106, the following key 
signatures occur in the fugue for three parts: 



in A OO 140 



- {Typog.) A letter or figure placed in 

the white line at the foot of the first page of each 
sheet (or Irnlf sheet) of a book, etc., to serve as a 
guide when the sheets are being folded, and to 
indicate their order. It also serves to identify a 
particular sheet. 

Signs of the Zodiac {Astren.) Signs named after 
the cunstcllatiuns which occupy the Zodiac,a portion 
of the heavens extending nine degrees on either side 
of the ecliptic, in which the sun and major planets 
perform their annual revolutions. 

Silent Feed {Eng.) A substitute for a ratchet 
wheel and pawl for actuating the feeding mechanism 
of circular saws, etc. A form of friction clutch acts 
un a plain disc, the clutch gripping the disc during 
its forward movement and releasing it when drawn 
back, thus producing an intermittent rotation of the 
disc which is analogous to that of a ratchet wheel, 
but free from noise. 
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Bilhmiettc. (I) A portrait or other drawing in 
profile, the outline being generally filled in mth 
black; sometimes cat out from the material on which 
It was sketched. (2) The outline of a solid body, 
the silhouette oc a range of hills: the skyline. 
( 8 ) A figure cast by a shadow on a wall. 


Silioeooi Sinter iGeol.) Spongy deposits of 
opaline silica, deposited, largely through the action 
of bacteria, on the surface of the earth arounid the 
mouth of certain hot springs. These deposits, being 
closely associated with geysers, have been termed 
Oeysbbitb. 


Silica (^Geol.) Silicon dioxide in ono form or 
another, or in combination as silicic acid with vanous 
bases, is the most important constituent in the Earth’s 
crust. See Silicatbs. 

— (Min.') A term used to include the three 
species Quartz, Tridymite, and Opal; though most i 
frequently it refers to Quartz. | 

Silica Bricks, Firebricks composed chiefly of | 
silica are often used in the parts of furnaces which ; 
are exposed to intense heat, but not in contact with j 
fluxes or molfcn metal. See also Bbicks. i 

Silicate or Slag Wool. Slag which has been , 
formed into fino fibrc.s resembling wool by allowing ' 
steam to play upon a jet of molten slag; it is a good j 
non-conductor of heat, and is used for covering steam | 
pipes and for similar purposes. | 

Silicates (C/iem.) Salts of the various silicic I 
acicis. See SILICON Compounds. ! 

I 

- (Geol.) Native compounds of silicic acid I 

with various bases. Most of them are formed in | 
coimeciion with either emptive" rocks or else with 1 
such meiamorphic rocks as gneiss (jj.v.) Having | 
regard first to their mode of origin, the silicates may | 
bo grouped under three primary categories : ( 1 ) ' 
Those whii-h are the original constituents of eruptive i 
rocks. ( 2 ) The silicates of secondary origin whicli I 
are developed in situ as a consequence of meta- | 
morphic aeti) >n. (8) Silicates arising from the solution , 
of certain mineral-s in one itlace and their redeposi- 
tion, usually in the hydrated condition, in another. ! 
High temperatures and pressures prevail during the ' 
formation of the two former, and low pressure.s and 
temperatures during the formation of the last. The 
silicates which arc of chief importance from a ; 
geolt^ical point of view are : (a) The Felspars and ! 
Felspathoids, which are silicates of alumina and of i 
\arious alkalies or alkaline earths. Muscovite and ! 
the Micas allied to it are closely related to these. 
(h) The ferromagnesian silicates, which comprise i 
the Amphiboles, which include Hornblende; the : 
Pyroxenes, of which Augite is a good representative; I 
Biotite and the Micas allied to it; and Olivine, with | 
which may bo included several closely allied species. , 
(o) The Zeolites and the minerals usually classed ! 
with them. See also PBiiCious Stones (III.) i 

BiUoeoni Dejioilts (Geol.) Three classes of j 
siliceous deposits occur; (1) Those which arise i 
directly from the tests of radiolaria or the spicules ! 
of sponges left on the ocean floor. (2) Siliceous 
deposits from geysers and b<it springs. (.'I) Secondary 
deposits of silica, usually chalccs Ionic in character, 
due to the solution of diffused siliceous particles, such 
as sponge spicules, in stratified rocks, and its re- 
depmition as chert or flint. T<i these might bo added 
a fourth, which arises from the decomposition of 
silicates, and its redoposition at lower levels. 

Bilioeoai Iron (Met.) Silica in iron produces 
effects analogous to those of carbon; the iron is I 
brittle and unreliable if the sUica exceeds a very . 
small amount. 


Silicon (Chem.) Bi. Atomic weight, 28*4. An 
element belonging to the same group as carbon in 
the periodic system; it can be obtained, like 
carbon, in an amorphous and in a crystalline form. 
Amobphous Silicon is a maroon-coloured powder ; 
melts only in the electric furnace; insolnblo in acids, 
except a mixture of hydrofluoric and nitric; soluble 
in alkalis evolving hydrogen and forming silicates; 
i>ams in oxygen, forming silica. It is obtained by 
heating pure silica with magnesium powder and 
magnesium oxide in a fireclay crucible, and purifying 
the product by washing with hydrochloric acid to 
remove magnesium oxide, and with hydrofluoric and 
sulphuric acMs successively and repeatedly to remove 
silica, and finally with water. Another form of 
amorphnu.s silicon is obtained when sparks from 
an induction coil are made to pass either through 
liquid or gaseous silicon bexahydride; it reduces 
solutions of copper sulphate, mercuric chloride, and 
potassium‘permanganate. Cktstalliseo Silicon ; 
BiUcon crystallises in six-sided plates or in needles; 
the crystallised form is more stable towards reagents 
than the amorphous form. It is obtained by hooting 
silica with excess of aluminium in the clectrio 
furnace, when the liberated silicon dissolves in the 
metal and crystallises f)iit on cooling; the product 
must be treated successively with hydrocliloric and 
hydrofluoric acids to remove aluminium and silica. 

- (Min.) This element does not occur native, 

but in combination as the oxide, silica, it is very 
abundant, the anhydrous form being Quartz; the 
hydrou.s, Opal. A mixture of Quartz and Opal con- 
stitutes Chalcedony. There is a rare form of the 
anhydride, called Tridymite, wliich occure in minute 
hexagonal plates. Bilicon combined as silicates is 
very abundant; the number of different silicates 
known in mineralogy is over two hundred. 

Bilicon Compounds ( (Vmn.) IlrnRiDES; Silicon 
tctrahjdride, .S 1 H 4 , is a colourless gas; boils at about 
— 116°; decomjxised into its elements when heated; 
easily takes fire in air on warming or even on sudden 
reduction of pressure ; decomposed by caustic potash 
solution. Bill, + 2 KOH + H^O »= K.BiOj t 4Hy It is 
obtained mixed with hydrogen and the bexahydride, 
and spontaneously inflammable by the action of 
hydrochloric acid on a healed mixture of magnesium 
and silica (tnagnesimu silicidc), 

BiMgj + 41101 = SiU, -f 2MgCL 

It is obtained pure by the action of sodium on ethyl 
ortbosilicoformale, 

4H. SiCOCjHs), = SiH^ + 3Bi(0C,H*),. 
Silicon Hexahydride, Si^U,, is a colourless liquid; 
boils at 62°; it is spi uitiineonsly inflammable in nir; 
liehaves as a reducing agent. It is obtained along 
with the tetrahydrido and hydrogen ns above; the 
product of the i-eaotion is cooled by liquid air when 
the hydrides solidify; or melting, the totrahydiide 
cscafies. BiLiciDES: Carbon silieide, OBI (Cabbo- 
kundum), is a colourless enstalline solid; very 
infusible; nearly as hard as diamond. It is made 
on a large scale by heating together for a long time, 
in a specially constructed mectrio furnace, glass 
sand, coke, sawdust, and a little salt. It is used 
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for grinding and boring, in eteel makingi And M a 
rofraotoiy material in the construction of higb tem¬ 
perature farnaoes. The metallio silicides are made 
by boating the metal and amorplious silicon together, 
or by heating the oxide with silica and carlmn, in 
both cases in the electric furnace. They are hard 
crystalline solids, not easily attacked by reagents; 
but when the metal decomposes water at the ordinary 
temperature the silicide does so too. The silicides 
ot the alkalis and alkaline earths yield hydrides of 
silicon when acted on by hydrochloric acid; e.g. 
^loium silicide is said to give silicon acetylene, 
bijUj, with dilute hydrochloric acid; lithium silicide 
gives the hexahj'dride, and magnesium silicide acts 
as above. Silicon Flvobiox, SiF^, is a colourless 
gas; solidifies at —97°, and volatilises without melt¬ 
ing; fumes strongly in air. It is decomposed by 
water to silicic and hydrofluosilicic acids, tiee 
Hydbofluosilicio Acid. It is formed by the 
ac'tion of fluorine on silicon or silica, and by the 
action of hydrofluoric acid on silica; usually it is 
prepared by beating a mixture of powdered glass 
and fluorspar with concentrated sulphuric acitl. 
Silicon Culobidb, SiCl„ is a colourless liquid: 
boils at 59°; it fumes in air, and i.s decomposed 
by water, HiCI, + 411,0 = H^SiO^ -h 411 Cl. It is pre¬ 
pared by passing dry chlorine over a very strongly 
heated mixture of carbon and silica. Silicon tri¬ 
chloride, SijClg, boils at 14(1'’, and begin.o to dissociate 
at 350°; the dissociation is complete at WXi®; quickly 
lieated to above 1,000°, the substonce is said to be 
again stable. It is obtained by beating silicon in 
the vapour of the tetrachloride. Silicon Chloro¬ 
form, SinCl,. is a cxdourless fuming liquid ; boils at 
34°; very inflamuialde; with alcohol it forin.s ethyl 
orthcsilicoformatc, II. Si(OC 11,),. Tt is obtained in 
heating silica with powdenid xuagnesium to obtain 
silicon and heating the product in a current of 
hydrochloric acid gas: the liquid lesulting is 
purified by fractional distillation. Silicon Oxiiii; 
or Silica, SiO,, is met with in amorphous, vitreon.-, 
and crystalline forms; it is only fusildc at the tem¬ 
perature of the oxy-hydrogen flame ; it is very stable 
towarrls reagents, among aci<ls only hydrofluorir- 
attacks it(»ee mtder M^Fluoeide); iil’kali.s attack il. 
forming silicates, SiO, + 2KOn = K,SiO, + 11/*; a 
few other actions are described above.* When melted 
it can be drawn out into threads so fine that they 
make excellent suspensions in physical instruments; 
it can also be blown like glass, and quartz vessels 
are much U8cdastubes,flask8, thermometers, because 
tliey can be heated and raphlly cooled without fear 
of cracking, and are less ae.ted on than glass by man\ 
substance-s. Ture amorphous silica may be madi- 
from sand or any insoluble silicate by fusion in a 
platinum crucible with six times its wciglit of fusion 
mixture to form sodium and potaasinm silicates: 
the fused mass is extracted witli water, filtered, 
acidified with hydrochloric atud, evaporated to diy- 
ness, and bcatefl. There now remains a mixture of 
silica and sodium and potassium chlorides; tlx- 
latter are extracted with water, and the silica i«i 
dried. When silica is fused it solidifies in the 
vitreous form. Silica occurs naturally in very 
many form.s. Rand is often nearly pure silica; 
other example.-) are; Orgxtalliw: Quartz, Amethyst, 
Tridymite. /Simi-erystallme; (7halcedony, Carue- 
lian. Agate. Anwrplioia: Flint, Chert, Touchstone. 
Hydrated; Opal, Hydrophane, Eicselgiibr. Silicic ; 
Acidb; When a solution of sodium silicate, obtained 
by fusing pure silica wirh sodium carbonate and 
extracting the fused mass with water, is decomposed : 


by hydrochloric acid, a gelatinous precipitate results 
if the solution is strong, buk^a clear liquid if the 
solution is weak; in the latter case, if the clear 
liquid be dialysed, a colloidal solution is obtained. 
A gelatinous jprecipitate is also obtained when silicon 
tetrafluoride is passed into water. These products 
have very feeble acid properties, and are oompounda 
of silica witli water. Products of the composition 
ll,Si 04 and IlySiO,, corresponding to orthosilicic acid 
and metasilicic acid, linve been obtained from these 
compounds of silica and water; but they are so 
unstable, changing in composition with small 
changes in temperature and even on exposure to 
air, that it is doubtful if as yet these acids have 
been prepared. Silicates may be regarded as 
derived from orthosilicic acid and its anhydride, 
metasilicic acid, nr from di-, tri>, etc., silicic acids, 
and their anhydrides. Examples: 


Olivine, Si n 


>/>'• 

SeriwntiDe, 


S>«e 


, Wollastonite, SiO^^^Ou, 


>0 

si<rO- 

>0 


.U.Li, Si 




0 

”'>0 


SeriientlDe, from the aiihy- Ortbocluiie — from 

(Iride of tUmheic acid. anbj'drido of tri- 
■ilicio acid. 

An alternative way of writing formulas for silicates 
is to represent them as compounds of silica with the 
various iiu-tallic oxides, c.^. on this plan olivine would 
be written 2MgO, HiO,; orliioclase, K,0. A1,0,. CSiO,. 
IJelated elements can often in part replace each other 
in these silicates; in tliese vntst's the mutually n- 
placcable elements are writtcii in brackets. Many 
cxamplc.s of iuiportant silicates with their formulm 
written on the latter plan .are given in the article on 
Precious Ston^ (y.r.) Many organic cumpounda 
of silicon arc known. 

Silk, Artificial. See Cellulose and Wood 

I’ULl’. 

Bilk Bpinninl and Weaving, bilk i.s a l^e soft 
thread produced by the larva of the Hoiubyoid moth, 
of which there are several sjvcies, Tlie one gener¬ 
ally cultivated, and from which the world’s silk crop 
is chiefly derived, is the Jiowhyx Mori, or common 
silkworm. The eggs are about the size of a grain of 
mustard seed, of a bluisli grey colour, and the larvm 
or worms are batched at the time of year when their 
natural food, the leaves of the mulberry tree, are 
making their appearance. Alxmt a quarter of an 
inch in length when hatched, the worm attains its 
full size, nearly three inches, in six weeks or rather 
more, according to the temperature in which it is 
reared. During this time it changes its skin ftnir 
times, at each of which periods it becomes lethargic 
ami refuses to eat. When prepared to spin, th® 
w(jrm selects a convenient nook or angle, and 
beginning at first with loose supporting threads, 
it gradually winds around Itself an increasingly dense 
oval shaped ball of white or golden yellow coloured 
silk called the cocoon. Completing the process in 
three to five days, it passes into the chrysalis stage, 
in which it remains from fifteen to thirty days, 
according to climate. The chrysalis is then trans- 
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formed infio the mot^, which emerges from the 
cocoon bj first moistening and then poshing aside 
the surrounding filaments. In this form it exists for 
n few days only, during which time the female 
deposits its eggs, varying from two hundred to five 
hundred in number. Although the moth in forcing 
its way through the cocoon does not eat or sever the 
threads, it injures the silk to some extent, and 
renders it difficult to reel. 'J’o prevent this the 
cocoons (with tiie exception of th«>8e intended for 
breeding purpose.**, which are carefully selected and 
placed aside) are subjected to treatment by he.at, 
either in fhe form i>f steam or hot air, which 
destroys the vitality of the chrysalis, Kublino ; 
To reel the silk the cocoons, liaving been first 
stripp^l of the outward fioss. are pW^d in a copper 
trough containing soft water heated to a degree 
sufficient to soften the natural gum and enable the 
thread to nnw'iud freely. The reelable thread of the 
cocoons having boon found, four or more ends, 
according to the size required, are taken and placed 
together, and uniting by means of the natural gum. 
form one thread. This passes througii a succession 
of guide cye.s, and returning to its first direction, is 
crassed and intertwisted on itself, causing a pressure 
which condense-s the filaments into a compact, round, 
smooth thread, whi<;h passes on to a revohdng reel. 
tJrcat care is required to rapidly replace a filament 
should one break or run out, this being done not by 
a proce.ss of tying, hut by simply pttacihiug it to the 
thread in motion, to which it adheres by rtsason of 
it.s wet., gummy condition. Crude methods and 
carelessness in reeling are responsible for the iu- 
teriority of the bulk of A.siatie as compared with 
Eiiro|X!an silks; but the “Kii.atl'Rk” Silks of 
China and Juptiii, so called when ieele<l by European 
machinery and methods, ctiniiot be excelled for 
beauty ami »!venness. Thkowino : 'J’lie reeled 
thread, termed “ ItAW Silk,” i.s receiv<*d by the 
tln-o«.*^tor in large hanks, it is first divi<lcd into 
sm4iller lianks, then .sorted into grades of size and 
wound on bobbins. It is again rewound on other 
bobbins, the thread pjissing through a cleaner, a 
narrow opening between two blades sufficiently large 
to allow the passage of the .thread, but .sto])ping itr. 
progress when lumps or nibs present tliemselves. 
If for ObhanziNK, the bobbins, which are made to 
revolve, are pla<'cd in an upright position in a spin¬ 
ning machine, the thread is conducted through au 
eye, wound ruumi an upright wire two or three times 
to give u*nsion, and in passing on to another bobbin, 
receives usually about fifteen twists or turns to the 
inch. ’J'hese bobbins then [tass to the doubling 
frame, are again placed in an upright position, but 
do not revolve, the threads being taken from them by 
means of an eyelet at the end of a revolving wnm. 
usually two, but sometimes three, threads passing 
together on to one bobbin. The bobbins containing 
the double or trebled thread are then jtlace<l in the 
throwing machine and wound off into skeins, either 
for ordinary or for.Grant nxil, the thread receiving a 
certain number of turns per inch, according to the 
fabric for which the silk is intemh'd—about eleven 
turns if for satin faced fabrics, more if for er&pe, 
gauze, umbrella silks, or other fabrics where the 
mrp threads are subjected to much friction in the 
process of weaving. For Tbam the singles get no 
twist; the reeled thread is wound and then doubled, 
receiving only a slight spin. After throwing, the 
skeins are weighed, and the length of the skein 
bbing known, the size of silk is determined by the 
w'eight of each skein according to length. The term 


“ silk spinning ” is also used in connection with the 
utilisation of the waste silk made in reeling, wlnd^g^ 
and throwing. Fully 30 per cent, of the produce of 
the silkworm can only be treated by this methodr 
I The waste silk is ooml^d into short lengths or drafts 
j from 2 to 6 in. in length. The ends are laid carefully 
! over each other and, passing through a series of 
I combs and over a drum, are drawn out into a lap of 
! about 2 yards iu length. These lengths are again 
laid continuously over each other, and passed over 
; rollers and through combs, being drawn out eventually 
into a sliver or tape of several hundred yards. After 
; this treatment the spinner is able to pass the silk on to 
! a bobbin by the r<>\ ing process, ns generally employed 
in cotton spinning. The subsequent proi'esses corres* 
j pond very nearly to those used in cotton at wqol 
manufacture. WbAviKG : With the exception of a 
few fabrics woven in the grey or gum state, silk is 
dyed in the skein before, weaving. It loses about 25 
fier cent, of its weight if dyed ■■ soft" or “ bright,” 
by the extraction of tlie natural gum in boiling off, 

■ and about 124 centrlf dyed “ souide.” ■ There is 
no loss if dye<1 “ hard.” It is then wound on bobbins, 
the organziue being warped into the required length 
and count, and afterwards sjiread upon the cane or 
warp roll by a process called “ beaming." In loW 
counts warpcfl by power, the waiping mill is dispensed 
with, the silk passing direi't from the creel on to a 
drum from winch it is beamed. The warp is then 
{(laced in the loom, and the threads “entered” or 

' {lassed one by one through the loop or eye of the 
shaft in plain, or of the maillc in figurefl harness, 
and afterwards draw'n in sections through the inter- 
.stilial spaces of the reed. In the case of a harness 
I through whici. a cane has just been finished, the new 
warp is joined thread by thread by a process of 
“ twisting ” to about a yard length of the {(revious 
warp left in it. termed a “ thrum," The art of weav¬ 
ing in its most primitive state consisted of picking 
up the warp threads with the fingers and interlacing 

■ them with the weft., but as science advanced the idea 
was conceived of raising a section of the warp bjf 

' means of a heddlc, thus obtaining a shed or opening 
for the weft to pass through, and it i.s at least 
{(I'obahlo that the we.aving of linen and woollen 
cloths by the latter method was practised by the 
. ancients ages before they had any knowledge of the 
{(oadbility of spinning a weavaWe thread from the 
pi'ixlact of the silkworm. The plain Hakd JjOOII, 
wliieh still retains much of its original sim[}licity, is 
' a wooden structure tioiisisting of four posts so placed 
as to form a rectangle, and framed together at top 
with beams. It is usually about 6 ft. in height, 

. I! ft. (> in. in length, and I ft. U in. in width for cloth 
! 36 in. wi*le or less. At one end, supported in clamps 
attached to the posts, the warp roll is fdaced ; at the 
opposite end is the cloth beam or breast roll on 
which the woven silk is wound, the liariiess is placed 
about 15 in. from the breast roll and suspended from 
levers (termed Tumbleiw or Tjplbrs) at the top of the 
loom, and attached by cords to other levers beneath, 
called long and short lames. Between the Viarness 
I and the breast roll is the batten carrying the reed. 

, The shed is obtained by the weaver pressing his 
I feet alternately on treadles which, acting upon the 
1 harne,ss, raise certain heddles whilst depressing 
I others; simultaneously with such action he pushes 
I b.ack the batten with one hand, throwing the shuttle 
i through the shed with the other, the return action of 
I the batten causing the reed to beat up the weft to 
the required number of picks per inch. In many 
1 narrow works, and alwayrs where the fabric exceeds 
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36 in. in width, the fly batten is used. In flgured i 
weaving, a moonture or flgured harness replaces nr | 
supplements the plain harness. The working of this I 
was at one time a slow, laborious method, requiring ; 
in addition to the weaver who raised the ground | 
haruess and threw the shuttle a lad called a “ draw ' 
boy,” who worked a machine at the side of the loom ; 
and obtained the shed for the figure by drawing in : 
their required order of succession lashes attached to , 
the mounture cords. The arranging of the lashes t 
and cords for a particular pattern was a long and 
expensive operation frequently occupying many 
months before weaving could begin. A great revolu¬ 
tion in figure weaving was effected by J. M. Jacquard, 
of Lyon.s, who in 18U1 patented a machine which, 
placed on the loom and attached to the mounture, ' 
enabled the weaver to obtain the abed for figure and ' 
ground together, thus dispensing entirely with the 
services ot the draw boy. Its action is controlled by 
perforated cards, laced together in an endless band, 
which pass over a cylinder and act in succession on 
the points of a set of horizontal wires called needles, 
connected with which are periicndicular hooks 
attached to the neck cords of mounture. Where the 
cariis arc perforated, tlic needles stand forw-anl. 
enabling metal blades called the griffc, when raised 
by weaver depressing the treadles, to catch corrt'- 
sponding liooks, thus drawing up the warp threads 
in mountarc and creating the shed. Kimultaneously 
with the shedding motion the pressure of the card 
on the needles is removed, allowing the latter where 
driven hack by the blank spaces in the cards to be . 
returned to their po.sition by means of small brass ' 
springs placed behind them. With the return of the 
griffe a fresh card is brought to bear on the face of 
the needles. The Jacquard for .silk weaving usually 
contains iUS or 612 hooks, needles, and springs, the 
number of possible perforations in the cards corre¬ 
sponding. The rowKB I.uOM, the invention of 
which dates back to 1785, was not adapted to any 
extent to the weaving of silken fabrics until many 
years later, it being thought that silk, owing to its 
fine delicate texture, could only be successfully 
and profitably dealt with by tbe hand loom weaver. 
Constant improvements, however, in the various 
parts of the mechanism, particularly of the shedding 
and picking motions, in the manipulation of the 
warp, the adaptation of improved Jacquards and 
swivel battens for figure<l fabrics, have renderwl the 
up-to-date power loom capable of weaving the mo.st 
beautiful and elaborately figured, as well as the 
simplest, plain silks to perfection, and with the 
exception of a few exceedingly rich qualities, of 
which only short lengths arc required it has super¬ 
seded the band loom. The mechanism of the power 
loom comprises various makes and jiatcnls, many of 
them equally good, but the motions they control are 
essentially the same as in the hand loom, riz. (1) the 
creation of the shed by the raising and dejiressing of 
certain heddles in plain weaving, or by the raising of 
c.ertain hooks of Jacquard in figured weaving ; (2) the 
{jropelling of the shuttle carrying the weft through 
the shed ; (3) the beating up of the weft by means 
of the reed carried in tbe batten ; and (4) the taking 
np of the cloth when woven. Tlie construction of 
the power loom is more compact than the hand loom, 
the warp roll is placed much nearer the harness, no 
long porry being required for picking and cleaning ; 
the silk, this having been done before the warp is 
placed in the loom; the batten instead of swinging ■ 
from the loom top is attached to and works on a ; 
javot at the base of the loom, the shuttle race and 


reed being thus at tbe top of tbe batten. The shuttle 
is much larger and heavier than used in hand loom, 
giving steadiness when running at a hundred and 
fifty or more picks a minute, and by accommodating 
a large pirn or bobbin, enables the loom to run for a 
longer period without stopping for renewal of supply 
of weft. A delicately adjusted weft fork, placed 
between the shuttle box and edge Of cloth, feels for 
the weft thread at each pick as it enters the shuttle 
box, stopping the loom should it break or run out. 
Tbe Shed is obtained by the following motions : The 
tappet or eccentric for the simplest form of plain 
cloth, tbe dobbie for other plain cloths such as 
twills, satins, checks, etc., tbe Jacquard for figured 
weaving. The cloth when woven is wound on cloth 
roll by a .set of change wheels of different sizes, which 
by careful adjustment take np the doth and regulate 
the number of picks required, a compensating appli¬ 
ance acting on batten keeping the cloth of an even 
thickues.s when weft is irregular. Silk fabrics, with 
tbe exception of those having a pile surface, such as 
velvet or terry, are woven face downwards.—F. W. 

Sill (/^uiVif.) (1) The lowest horizontal member 
of a window, door frame, partition, etc. (2) The 
stone at the bottom of a window or a door opening. 

-( fWl Eng.') The horizontal member forming 

the floor, or lowest margin of the opening, of dock 
gates, cfe. 

- ( ffeof.) A term now generally applied to an 

intrusive sheet of eruptive rock, such, for example, 
as the Whin Bill of the Nort h of England. It differs 
from a l.accolite (^.u.) in the fact that a Bill does not 
occupy the position of a bedding plane. 

- (^Afining). (1) 'J'he floor of a gallery or 

pa8.sagc. (2) A fiat mass, lc*lge, or .surface; in parti¬ 
cular, a flat mass of luard rock. 

Sillimanite (.¥<»,) iSt-e Akualt7.sit£;. 

Silo. Hiv Exsilag'E. 

Silurian System A name applied to the 

great group of marine sediirients which lie between 
the Devonian Itock on the one hand and those of 
Ordovician Age on the other. As now classified in 
accordance with the nature of their fossil content., 
they consist of (ly tbe Downtonian Bocks, below 
which are (2) the Salopians, which in their turn over- 
lie the Valentian Bocks. In Wo.stmorland their 
aggregate thickness is fully 12,000 feet. 

Silver (Chetti.') Ag. Atomic weight, 107-9. A 
wlnlo metal ; crystallises in regular forms, such as 
Uic cube and octahedron; melts at 961”; boils at 
2,0.'i0®; very malleable and d uctile, capable of taking 
high polish; the best conductor of heat and elec¬ 
tricity. Very thin films transmit blue light -Melted 
silver diasoives oxygon ; 1 volume silver dis-solves 
abont 20 volumes oxygen; on solidifying it gives 
up the dissolved oxygen, and this gives rise to the 
“ spitting”of silver, the escaping oxygen raising tbe 
solidified surface of the metal into fantastic shapes. 
Silver is not oxidised in air at the ordinary tempera¬ 
ture nor on heating, but on heating in oxygen at 
300° under a pressure of 16 atmospheres it is 
oxidised to the extent of 60 per cent.; it unites 
with the halogens directly; sulphuretted hydrogen 
and aqueous solutions of the alkaline sulphides 
convert, it into sulphide, 

2Ag + NajjS + 2HjO = Ag^ + 21?aOH + H*. 
Hydro(;hloric acid has no action, but hydrnbromic 
and especially hydriodic acid dissolve it with 
liberation of hydrogen, probably owing to the 
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aolnbility of silver bromide and • iodide in the re- 
mective acids. Hot strong sulphuric acid gives 
Sliver sulphate and snlpbur dioxide. Nitric acid 
dissolves it readily. See NiTBic Agio. Allotropic 
forms of silver are said to be produced when silver 
solutions are precipitated by various reducing agents, 
e.g. when silver nitrate is precipitated with ammonia 
iron citrate. These precipitates vary in colour from 
blue black to red. When dilute silver nitrate is 
reduced by hydrazine hydrate, a green form is 
obtained in solution. By passing the electric arc 
between silver poles under water a reddish brown 
liquid is formed. {See Ekxvmes.) None of these 
forms of silver has been obtain^ pure, and the 
“solutions” arc probably “suspensions” only. Silver 
sometimes occurs native; more commonly as Argon- 
tite {q.v.), Pyrargyrite (q.v.). Polybarite {q.v.), Horn 
Silver {q.v.) Many different processes are cmploj cd to 
extract silver from its ores : (1) MEXICAN AMALGA¬ 
MATION Pbocess. The ore consists chiefly of silver 
and silver sulphide, llie proces.s is worked where 
steam and water power are not available. The 
wetted ore is ground between blocks of porphyry 
turned by raule.s ; mixed on a paved floor (patio) 
with common salt by the trampling of mules ; mer¬ 
cury and a substance known os magistral (copper 
pyrites loasted so as to make copper sulphate) are 
added, and these things well trampled in ; more 
mercury is added, and the trampling continued ; but 
the charge (torta) is also turned from time to time 
with shovels; the trampling goes pn till tlie requisite 
amount of mercury is amalgamated. This may take 
some days. The mass is now washed with water in 
large vats provided by stirrers worked by mule.s 
'J'liC amalgam is filtered through canvas, pressed, 
and distilled, when mercurj’ passes over and silver is 
left behind. A recent explanation of the clianges 
is that cuprous chloride is formed by double decom¬ 
position betw'oen cuprie sulphate and salt and reduc¬ 
tion of the cupric chloride by mercury; the cuprous 
chloride then acts us an oxygen carrier. 

CujCl, + 40 + Ilg + Ag„S =» Cu.jC4 + IlgSO, + 2Ag. 
This explanation is offer^ becau.se silver chloride is 
difiicult to work by this process, and it i.s never found 
in the torta, and the author (Ortega) uses copper 
hypochlorite in place of cuprous chloride, which is 
much quicker in its action. (2) Where steam power is 
available the WASHOli AMALGAMATION I’KOCF-Sa is 
commonly used. In this the ore is first well crushed 
with water, then ground to a fine pulp in iron pans 
with water and mercury, common salt and copper 
sulphate being added if desirable; also, if the ore 
contains sulphide, sndinm is added to the mercury to 
prevent formation of mercuric sulphide; the pulp 
is washed by agitating it with water, tbi.s allowing 
the amalgam to settle, while earthy impurities are 
washed away; exeess of mercury is removed by 
pressing the amalgam in canvas bags, and then the 
amalgam is distilled in iron retorts, the silver re¬ 
maining behind in the retort. The crude silver is 
melted and stirred with iron rods, so that oxidisable 
metals are removed—some oxides, such as those of 
antimony and bismuth, volatilising, while others, 
such as copper and lead, form a scum on the silver 
which can be skimmed off. A oonsiderable amount 
of silver is obtained from burnt ^rites. {See 
4J0PPBB.) From the precipitated iodide the silver 
is easily obtained by reduction with zinc and hydro¬ 
chloric acid. Galena usually contains silver, and 
from the argentiferous lead obtained from galena the 
silver is extracted by Parkes’ process. {See Lead.) 
OOHMEBCIAL SiLTEB is always impure. To obtain 


Chbmicallt Pubb Silveb many processes are 
available. Stas, in his atomic weight determina¬ 
tions, employed half a dozen distinct methods, and 
also distilled silver. The first pore silver he had was 
prepared by reducing a 1 per cent, solution of 
j silver nitrate by allowing finely divided phosphorus 
to stand in it; the metal, after standing some time 
I in excess of a silver nitrate solution and being 
I digested with aqueous ammonia, was fused with 
I borax and nitre; it was quite pure. Another method 
I which he used on a large scale, and which gave metal 
; of “ extraordinary purity,” was to dissolve silver in 
; boiling dilute nitric acid, evaporate to dryness, and 
melt. On cooling, the nitrate was dissolved in 
ammoniacal water and allowed to stand, then filtered 
and diluted till it contained not more than 2 per 
cent, of silver; then a solution of normal ammonium 
.sulphite (prepared by passing sulphur dioxide into 
ammonia) was add^ in quantity such that on 
warming a portion of the mixtui-e no blue colour 
remained, and the whole allowed to stand forty-eight 
hours iu a well stoppered vessel; this precipitated 
one-tliirdof the silver, and the rest is precipitated on 
heating at 60° to 70®; the precipitate was washed with 
ammoniacal water till the washings neither turned 
blue on standing in air nor gave a precipitate with 
barium chloride ; the mebil wa.s then left standing a 
, day or two under concentrated ammonia, and finally 
washed with pure water. To get it in bar form it 
was melted in an iinglazed porcelain crucible with 
5 per cent, of its weight of burnt borax, to which 
, 10 percent, of sodium nitrate had been added. Stas 
! distilleti considerable quantities of his pure silver in 
the arrangement shown in the figure. The block is 
of burnt white marble held together with iron bands, 
and is in two pieces, as shown by the sloping line; 

• it is 26 to 30 cm. long and 10 cm. wide, and total 
height IB cm.; the right hand hole admits the jet of 



an air coal-gas blowpipe to the roughly spherical 
cavity which serves as retort; the opening connect- 
; ing retort to receiver is 0-5 cm. high and as wide 
■ as the diameter of the retort (.3 cm.); the receiver 
' communicates with a vertical opening for escape of 
; uncondensed vapour. The silver distils over in 10 
' to 15 minutes, and the retort, examined by a lens, 

' shows no trace of a residue. I’unE SlLVBB is not 
used for any ordinsiry purposes on account of its 
i softoess. The silvei used for Ornamental Articles 
i and for the coinage is alloyed witli copper; the 
i hardest alloy contains 4 parts of silver to 1 part of 
' copper. Ktandabd Silver is the silver used for 
coinage, and it consists of 925 parts of silver to 
76 parts of copper. Ibe Fineness of any other 
silver is expressed in terms of standard silver by 
stating the number of pennyweights |»er pound troy 
of copper by which it exceeds or falls short of 
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standard silver; thus 240 dwt. (1 lb. troy) of standard 
silver contain 18 dwt. copper, and tiie hard alloy : 
mentioned above (4 parts silver to 1 part copper) | 
contains in 240 dwt, 48 dwt. of cop()er, so tbeir ; 
alloy would be referred to as “worse 30 dwt.” ! 
“ OximsEO Silver " is silver which has been super- : 
licially coated with silver sulphide by dipping it in 
potassium sulphide solution. Besides its use in | 
making silver articles and coins, much silver is used 
in Electboplatikg (^.e.) and in making mirrors. 
For SlLVUBlNO Glass many recipes are available. 

A simple one is: Dissolve 8 gram.s of Kochelle salt 
in 3'84 litres of water; boil, and while rapidly boiling 
add a solution of 10 grams silver nitrate in 80 cc. 
water; allow to cool and then filter. Now dissolve 
10 grams of silver nitrate in 80 cc. water, add 
ammonia till the precipitate of silver oxide is barely 
all dissolved, make up to 960 cc. C'are being taken 
that the glass to be silvered is scrupulously clean, it 
i.s put in a sufficient quantity of a mixture of equal 
volumes of eni'h of the two solutions at a tempera¬ 
ture of about 20“ (0 21". Tlie world’s production of 
silver in 1903 amounted to about 5,800 tons, and by 
far tiie greatest part of it wa.s extracted in Mexico 
and the United States. W. H. IJ. 

Silvep (Min.) 'Ihi-s clement occurs native in 
octahedral crystals belonging to the cubic system. 
More often it is in filiform masses of silver wbitc ‘ 
colour when fresh, but often taxni.shed to a black, 
green or yellow colour. The mineral i.-. .sect lie. flexible, 
and ductile. It usually contains traces of copfjer, 
gold, platinum, etc. It ha.s been found in (.Jornwall; 
more abundantly at Kong.sberg in Norway, in Ssaxony, 
Bohemia, Hungary, France, Sibc'ria, and in rjuantity 
in Central and Houth America. '1 he clement also 
exists in many other minerals, the chief of wbicli are 
Argentite. Sle))hanite, Pjrargyrite, J’loustite, Horn 
Riber, Polyba.>.ite, and Freie.slebeiiite (y.r.) 

Silvep Amalgam (Min.) Ste Amalgam. 

Silver Compounds ( Cfiem .) SilvebOxide, Ag./>. 
a brownisli-black powder; begins to decomjKise at 
250", and is c</inp]eteJy decomposed at 300°; slightly 
soluble in water (6-5 grams in 100,(KX) cc. water at 
20"), this solution having an alkaline reaction. When 
moist it reacts as an alkali CAgOII), precipitating 
hydroxides from many salt solutions and replacing 
halogens in many organic compounds by hydroxyl 
groups; f.g. tctramcthylammonium iodide with moisi 
silver oxide gives tetramethylammonium hydroxide 
K(CB,)jT gives N\CH,),OH. It dissolves readily in 
ammonia, and the solution louialns the iiowiTf'.i' 
base Ag(Nll,)./>IJ, which is ioni.sed to AgfNJi,)/ 
and (Oil)'. This solution, on standing exposed to 
air, deposits the black explosive fulminating silvei 
NAg,. Silver oxide is jirepared by preoipifittiug 
a solution of silver nitrate with a solution of caiistii 
potash, filtering, wa.shing, and drying the product 
at 60® to 80®. When a solution of silver nitrate 
is electrolysed, black crystals are depo.sited on 
the anode; these appear to be a compound of ti 
higher oxide of silver with .silver nitrate;, and have 
been called .silver “pereixynitratc”—probable formula 



vaiwur etensity 80 at 1700® ; very slightly soluble in 
water, 100 cc. solution contain 000153 gram at 20®; 
more .soluble in hydrochloric acid (1 in 200 of the con¬ 
centrated acid); it is very soluble in ammonia, potas¬ 
sium^ cyanide, and sodium thiosulphate solutions, 
forming solnble double compounds—v/r. 2AgC13NHj 


(also formed by passing ammonia gas over dry silver 
chloride), NaAgH,0„ KAg(CN),. Silver chloride is 
blacken^ on exposure to light under ordinary con* 
ditions, but not when exposeti in dry oxygen or in 
a vacuum; the blackening is prevented by chlorine 
water and by ferric chloride solution—substances 
which can give up chlorine. The explanations offered 
are (1) that an oxychloride is formed, (2) that a 
subchloride, Ag^CJ, is formed. If either of these 
explanations is correct, it is strange that compounds 
of these formula cannot be prepared artificially. 
Silver chloride is reduced to the metal by hydrogen, 
(a) when heateddn hydrogen—a reversible reaction; 
(5) when in contact with sine and a dilute acid, such 
as sulphuric or hydrochloric. It is completely con¬ 
verted into bromide by digesting it witli a solution 
of potassium bromide, and into iodide by potassium 
iodide. Silver chloride can be prepared by passing 
chlorine over heated metallic silver, or by precipi¬ 
tating a solution of silver nitrate by hydrochloric 
acid or a soluble chloride. Silver Brohiub, AgBr, 
a white or yellow solid, accordiug as it is obtained by 
precipitation of excess of silver nitrate by potassium 
bromide or by adding excess of the latter to silver 
nitrate; melts at 429®; nearly insoluble in water; 
ltX> CO. solution contain •0090084 gram at 20®; soluble 
in hydrobr<miic acid, from whu-h it can Ijc crystal¬ 
lised ; soluble in strong ammonia; decomposed by 
chlorine; converted into iodide by dige.‘>1ing with 
potassium iodide solution. This salt is largely used 
in preparing photographic plate.s, owing to the ex¬ 
treme 8en.‘-itivt;ne88 of .silver bromide to the action 
of light. What the action of light is <ioes not appear 
to be known. Silver Iouide, Agl, i-s a pale yellow 
.solid; melts at 53tf; its behavuiur on heating is 
abnormal, ns it contracts on heating to 70®, and 
expand.' on cooling again, proUibly owing to a change 
of form ; w iion pure it is not acteil on by light ; very 
slightJy soluble in water; lOt) cc. solution contain 
'(HHJO.'jil) grains at 20°; slightly solnble in ammonia; 
soluble in liydriodic acid and m strong potassium 
iodide, forming the roiiiponnds II.\gI.^ and HAgI,. 
It is ea.'ily decomjjoKod by chlorine ; it is reduced by 
xiuc and dilute liydrochloric or sulphuric acid to 
the metal. Silver itsiide is obtained by prmpitating 
silver nitrate solution by potassium iodide solution; 
liy dihsolv iiig silver in liydriodic. acid, and from either 
the bromide or chloride by digesting tliem with 
solution of pota.ssium iodide. Silver Nitrate, 
AgNOj (al.so calli d LuN.i\B tiAL'STlc); white rhombic 
plates; often met witli cast in sticks; melts at 198=; 
very soluble in water; 100 cc. water dissolve 227*3 
grams at 19’5“. Ilecoinposes when strongly heated, 
leaving behind melnllic silvei and giving off nitrogen 
peroxide, oxygen, and nitrogen; with ammonia in 
excess it forms the compound AgNO,2NlIj, which 
crystallises out on allowing the solutijm to evaporate, 
and exists in solution ionised into Ag(NII,) 2 ' and 
NO,' {ef, RiLVEB OxlOB); dry silver nitrate ab.sorb!v 
ammonia ga.s and forms the solid AgNO,3NI[„ with 
evolution of niuch heat. It i.- rapidly reduced to 
metallic silver (black) Viy organic matter, especially 
in prescnct: of light. Hydrogen slowly retluces it 
to the metallic state, bilver nitrate is made by dis¬ 
solving silver in nitric acid, evapoiatiug to dryness, 
fusing, and recrystallising from water. It is employctl 
in preparing otlier silver salts; in medicine for 
cauterising; as a hair dye. Silver Nitrite, AgNO^; 
a white crystalline powder; sparingly soluble in 
water; used in the jircparation of pure alkaline 
nitrites and of fatty nitro-conlpounds. 11 is prepared 
by mixing warm solutions of silver nitrate and 
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potassium or sodium nitrite. Bilvsb Sulphatb. 
Ag,HOf, is a white crystalline solid, sjiaringly soluble 
in water: 100 cc. water dissolve -58 gram at 18° ; it 
is made by dissolving silver in hot concentrated sul¬ 
phuric acid; occasionally used as a reagent Siltbb 
CyaNIOB, jigCN, a white solid, very slightly soluble 
in water; 100 cc. solution contain -000022 gram at 
20 “: decomposed on heating into silver and cyanogen; 
heated with sulphur, it forms the sulphocyanate 
AgCNS; it is soluble in ammonia and in potassium 
cyanide solutions, forming the compounds AgCN. Nil, 
and K^(CN)„: the latter is a white crystalline solid, 
which is much used in the electrolytic deposition of 
silver. Silver cyanide unites with alkyl iodides 
when these are heated together in scaled tubes with 
a little ether, and the product yields alkyl isocyanide 
when distilled with pota.ssium cyanide: C.Hj.! + 
2C,AgC’N = CJigAgCCN), + Agl CjHjAgCCN), + KCN 
« C^jNC + IkAg(CN)^. Silver cyanide is made by 
adding potiLssium cyanide solution to a solution of 
silver nitrate. Silver forms salts with all organic 
acids, and the great majority of these organic silver 
salts are insoluble in water. On being heated in air 
they decompose, leaving a resid ue of silver. In virtue 
of this property they are used to determine the , 
molecular vveightj; of organic acids, for it is obvious . 
that if the basicity of the acid is known to be n, and ■ 
a grams of the normal silver salt on heating leave : 
behind h grams of silver, then ; 

Jlfdecular weight of-silver salt _ a ! 

Tds“n r ; 

.-. Molecular weight of acid = ( _ lOT^a. ! 

'0 ' I 

Silver Glance iMin.) tSee Aro'cntite. 

Silver Grain (^'a» 7 >., ere.) The grain or markings i 
in timber due to the medullary rays (}.».) Oak c-m 
80 as to display the silver grain to advantage is j 
termed Wainscot Oak. I 

Silvering. Coating an object witii silver either ' 
by chemical deposition or by electrolytic methods, 
.'fre Elkctroplatino. 

Silver Lead Ore {Min.) Oalcna containing a ‘ 
suflieiciit quantity of silver to make it jirotitable to 
extract tlie.siUei-, The amount of .silver in the ore 
varies from mere traces up to 3 jKjr cent. AVhen 
silver was at a higher pvic-c, an ore containing three 
ounces of .silver to the ton paid for extraction by 
the rattin.son process. 

Silver Leaf {lire,') When uscfl by sign writers 
and decorators consists of pure silver reducetl to 
.sheets ; applie<) in the same manner as gold leaf. It 
must be protected by a coating of lawpier or varnish, ■ 
or if will turn black. Aluminium lt-nf, which does | 
not chuiigo <-olour, is now usmilly euqdoyed instead . 
of silver. 

SllverplatinS- See Electb()i*i.atino. 

Simile (Muxie). In the same manner. When a 
figure is to lie repeated, itistoad of writing the 
j»s.sage again, simili marks arc put thus // or •/. j 
(iff, “And lo!” and “And smidenly,"in Handel’s ; 
McMiah), ■ 

Simoon {Mcteorol.) A term applied to the hot , 
suffocating winds laden with dust and sand which i 
are jiecuiiar to the .sandy deserts of Africa and I 
Western Asia. ; 

Simple Harmonio Motion {Phys.) See Uarmonic 
Motion. 

Simple Machines. The term used in theoretical 
mechanics to <(cnote the Levers, Tulleys, Wheel and 


Axle, Inclined Plane, and Screw. They are often 
called the Mecha>'icai. Powbb^ but the term is 
not a good one, and should be avoided. 

Simple Mierosoope {Light). A single lens used 
for producing a magnified virtual image of an object 
placed close to the lens ; a magnifying glass is 
therefore a simple microscope. 

Simple Pendulum {Phyt.) See Pendulum. 

Simpson’s Rule. A useful rule for the measure¬ 
ment of the areas of inegular plane figures. The 
area is divided into strips % parallel and equidistant 
lines or ordinates. The length of each of these 
ordinates and their distance apart is measured; then 
the total area is the product of the di-gtemee apart x 
half the tvm of the firtt and laxt ord'matee, + the 
Slim of the remaining ordinates. 

Sin. Sine : sec Tbiuonometbical Ratios. 
Sinapine {Chem.) See Mustabd Oiie. 

Sine {Math.) See Tuiuonohbtbical Ratios. 
Sine Curve. See Sines, Curve of. 

Sine Galvanometer {JUlert.) See Galvano¬ 
meters. 

Sineg, Curve of {Math.) A curve showing the 
ratio between an angle of given value and its sine. 
An example is given under Harmonic Motion {q.v.) 

Singeing {Textile Manvfac.) The process of pass¬ 
ing the thread during the final spinning or doubling 
througli jetted flames of gas. If applied to the yarn, 
also termed “gassing.” Fabrics in which mohair 
yarn is used for the weft are singed over hot rollers. 
See Gassino. 

Singiug Flame {Sound). A jet of hydrogen and 
certain other gases when burnt under the mouth of 
a tube o]}cn at both ends will often set up a loud 
note. 

Single Acting Engine {Eng.) An engine in 
which the impulse is given on one .side of the piston 
only; they include nearly all the ordinary forms of 
gas, oil, and petrol engines, and a number of high 
s|>efd steam engines, such as those of Willans, 
llroflierhootl. and Mather and Platt. Cf. S-TEAM 
Enuines. 

Single Acting Piston (Eng.) Tlie piston of a 
single acting engine; it is commonly made in the 
form of a short cylinder closed at one end and 
having the connecting rod hinged to a gudgeon pin 
within it. This forms what is sometimes termed a 
Trunk Piston. See Gas Engine and Petrol 
Engine. 

Single Belt {Ehuj.) A driving belt composed of 
one thickness of leather. 

Single Cylinder Machine {Paper Manufae.) A 
piiper machine provided with one very large drying 
cylinder instead of the usual twenty or thirty. 

Single Ended Boiler {Eng.) A ship’s boiler 
having a grate at one cud only. 

Single Fished Joint {Eng.) A joint with one 
fishplate {(/.e.) 

Single Floor {Carp, and Join.) A floor consisting 
of one set of joists, to which the floor boarding and 
ceiling are fixed. See Floors. 

Single Flue Boiler {Eng.) A Cornish Boileb. 
See Boilers. 

Single Fluid Hypothesis {Elect.) See Elec- 

TBICITY. 

Single Geared Lathe {Eng.) A lathe witliont 
back gear {q.v.) 
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Single Phase Current (Elect.) An Altbbkatikq 
CuBBENT (q.v.) of the Ordinary kind. 

Single Riveting (Eng,) A lap joint is single 
riveted when there is one row of rivets only; a butt 
joint when there is one row on each side of the 
joint. 

Singles (Eng.) Sheet iron intended for tinning. 

Sinister (Her.) The sinister or left hand side of 
a shield. It must be remembered that this refers 
to a shield, as it was held to protect the body; to 
the spectator from the front the sinister side is on 
bis right hand. 

Sinking (Build.) A recess; any part below the 
general surface of an object. 


frequency. A rotating plate is pierced witii boles 
bored at eqnal distanoes along the droumferenoe of 
a circle on the plate. On cansing an air jet to 
impinge on the row of boles, a note is produced 
whose frequency is proportional to the number of 
boles which pass the jet in one second. The number 
of revolutions of the plate is registered by some 
form of counting mechanism, and hence the total 
number of vibrations per second which corresponds 
to the particular note observed can be determined. 
Very laige sirens are commonly used in factories and 
on steamships to emit a loud note as a signal or 
warning, i.e. to serve as foghorns. 

Sirocco (Meteorol.) A hot moist wind, receiving 
its heat from the Sahara and its moisture from its 


Sinking Pump (Ciril Eng.) A pump which can i passage northward o\er the Mediterranean. Met 
be lowered into a shaft or other deep excavation '■ with in Sicily, South Italy, and adjoining districts, 
until it is sufficiently near the bottom to draw nj) Hemp (BoUny). A fibre largely used in 

water into its barrel. ropemaking. It is obtained by maceration of the 

Sinks {SanUatUm). By a model bye-law of the leaves of the American aloe, Agave rigida (order. 
Local Government Board the waste pipe from every Amaryllidarete). 

sink must discharge in the open air over a channel Sistrum (Arelueel.) An instrument of the ebarae* 

lading to a trapped pilly at least 18 in. dist^t. ^ rattle, e-spceially associated with the worship 

The waste pipe .should tsi provided with a siphon Egypt,um goddess I-sis. It consisted of metal 

trap fitted with a screw cap, which can be removed , ,(,^ 5 , fitting loosely in an oval-shaped metal frame, 
for the purpose of cleansing the trap. tVe Siphon ' the ends of the ru<ls being bent up to prevent them 
Tbap; TBAP; Seal. ; from slipping out. 

Sinople (i/ee.) Vert. IlERALDBy. j Sitet (Hygiene). The following considerations 

Sintep ttr Oeyaerite (Min.) See Siliceous | should, if ijossihle, be taken into account in the 
SiN'TBB. ; choice of a building site : (1) The nature of the Soil 

BinuBoidaL Haiing the form of a sine curie : (q.v.) (2) The aspect, as regards wind, light, air. 
(q-v.) j (3) The surroundings, as, for example, the neiphbour- 

Siphon. A bent tube with arms of unequal , hood of trees or hills. The distance of the ground 
length, used for drawing a liquid out of a vessel, i water from the surface is an imjx>rtant factor in the 
The shorter arm dips into the liquid, while the otlier ' healthiness of a site; it should never be less than 
arm overhangs the containing vessel in such a way iO ft., and, if po.«sible, at least 15 ft. or 20 ft, from 
that its end lies below the level of the liquid. 11 i the ground level. As regards aspect, other things 
the tube be first filled with the liquid, which is | Ijeing equal, an east or sonth-enat asjject i.s to be 
prevented from escaping while the tube is being I preferred, so a.s to secure the maximum anioniit of 
placed in position, the liquid will commence to How | sunlight both on the front and back of the liouse. 
through the siphon, and will continue to flow .so long 1 Valleys lying in the direction of the prevailing winds 
as the shorter arm dips into, and the outer end is are healthier tlian those lying in other directions. 
Iwlow the level of the liquid in the vessel. Tiie j The ncighbonrh<n>d of trees is desirable, provided 
siphon may be placed in position w^hen empty, and | they do not obstrnct the light and air. Rising ground 
started by drawing the liquid up into the tube by i facilitates the natural drainage both of the surface 
suction applied to the longer limb. i and of the subsoil. See Site and KTitncTuiiAL 


Blphoa Barometer (Meteorol.) A form of baro¬ 
meter the tube of which is in the form of a siphon. 
There are three main cla.sses of liarometers, SiPHON'. 
OlSTEEN, and Aneuoid. See Bakometeb. 

Siphon Beeopder (Elect. Eng.) A form of tele¬ 
graphic recording instrument in which the symbols 
arc prodace.d on a moving strip of j>aper by a fine* 
jet of ink, flowing from a light glass tube bent so as 
to form a siphon. One arm of the latter dips into a 
reservoir of ink, while the other end can be moved 
backward or forward through a small distance by 
the action of the transmitted current. 

Siphon Trap (Sanitation). This consists of a pipe 
carved somewhat like the letter S, the lower bend 
being intended to retain sufficient water to reach 
above the level of the upper .side of its curve. The 
water so retarded forms a “ water seal,” and prevents 
the entry of sewer and other gases from the drains. 
In the case of sink discharge pi])es, a screw cap or 
Cleaning Eye is fitted at the lowest point of the 
bend, and can be removed for cleansing the trap. 
See Seal and Tbap. 

Simn (Smmd). A piece of appaiatus for investi¬ 
gating the pitch of a note or the relation of pitch to 


; Abranoement OF HoiTSES under Sanitation. 

I Sitting The period during which a person .sits 

I fur a poitrait, or daring which a model poses. The 
i iininterrnptefl period during which an artist works. 

! SiX'Part Vaulting (Arehiteei:) See Sexpabtite 
1 Vavlt. 

I Six’s Thepmometap (Heat). See Maximl'u and 
I Minimum Thebmometeu. 

I Sixteenmo (Print.) A sheet printed so as to 
j form 16 leaves (32 pages) when folded. Abbreviation. 
I 16mo. 

j Sixth (Mveic), The interval of two notes alpha- 
I betioally six letters apart, as D to B. See Interval. 

Bixty-foup-mo (Print.) A sheet which when 
; printed is folded so as to form 64 leaves (128 pages) 
j of a book, the size of each leaf being about 2^^ by 
' 3£- in. A book of this size. 

Size. Olne or other gelatinous material which has 
been allowed to absorb a considerable quantity of 
water, thus forming a soft and homogeneous jelly. 

- (Bind.) (I) A preparation consisting of a 

thin solution of glne or paste wash appued to 
bindings previous to finishing and gilding. (2) A 
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aolution of gum tragaoanth or gum dragon used for 
floating the colours ut marbling (s’.?.) 

Billllg. The process of treating a surface or a 
substance with a suitable size (g.v.) 

—■— (Tea^ile. Manufae,") The application of a 
glutinous liquid to the warp yarn for the purpose 
of increasing the adhesiveness of the flbres and 
strengthening the threads for weaving. In cotton 
manufimtore the warp yarns are passed through a 
size mixture composed of flour, tallow, soap, etc. 
Set! Slasbeb Siziifo and Likbn Manufactdbe. 


Bkatole (rhem.) 


r,c.cu 


CH'- NH 

(Scatole: /3>methjlindoIe), White shining plates ; 
melts at 95°; bolls at 2(M»“ (766 mm.); it has a strong 
fascal odour, and occurs in fteces ; it is sparingly 
soluble in cold water, much more soluble in tail 
water; soluble in alcoliol, ether, light petroleum. 
It gives the pine-shaving reaction (see PykBolb) 
but only when the shaving is dippe<l in a hot alcohol 
solution, and then put into concentrated hydro¬ 
chloric acid. It gives a picrate (red needles). 
It gives a riitroso compound with nitrous acid. 
Skatole always occurs in fajces; it i.s some- 
tirnes present in urine combined with sulphuric 
acid. Bkatole is formed in the jmtrefaction ol 
proteids, e.g, egg-albumin, and when proteids arc 
fused with caustic potash. It is also foimed from 
indigo by reducing it with tin and hydrochloric acid, 
and distilling the product with zinc dust (when 
prepared in this way it docs not smell of fteces). 
It is prepared synthetically by heating the phenyl 
hydrazone of propionic aldehyde with zinc chloride 
(its own weight): the reaction begins without the 
aid of heat, but toward flic end it is heated to 180° 
for a minute. 


HjC.< 

C'V^C-v /'N; C*H 


CIl Nil 
CHC 


C.CH, 


CH Nil 

The product is distilled in steam, and the distillate 
extracted with ether. Skatolc is used to some extent 
in making artificial perfumes. 


this, or in plaoe of it (In the case of invertebrates) 
there may also be an Exobkhlstoh, a hard exienud 
structure serving to support the body. 

Skeleton Drama (Paper Manufae.') Light cylin<- 
drical frames oonstructra of wood, used in drying 
“ tub sized ” papers. 

Skeleton Form (.'J'ypog.') A form (j.u.) of a light or 
open character, consisting either of rules to form 
boundaries and columns for table matter or of odd 
lines to be printed in a second colour. 

Skeleton Frame (Join.) Wooden framing of any 
deserription, without panels. 

Skeleton Girder (^Eng.) A Lattice or openwork 
ginler (//.f.) 

Skeleton Pattern (Fuwidry). A pattern whos 
form follows the main outline.^ of the casting, the 
remainder of the mould being completed by hand. 

Sketch (Art). A preliminary study or design. 

Skew. Oblique; at an angle; twisted to one side. 

Skew Arch. See Abch. 

Skew Back (Build.) The bed of an arch, at the 
springing. 

Skew Bevel Wheels (Eng.) Bevel wheels whose 
axes do not intersect. 

Skewers (Ft/ttndry). Wires used to support loose 
parts of a pattern which have to be detwhed when 
the patleni is withdrawn from the mould; the 
skewers take the place of dowells. 

Skidda or Skiddaw Slates (Geol.) A series of 
ancient marine argillaceous sediments, now somewhat 
roughly cleaved, which are typically developed on 
Hkidda. near Keswick, in the Lake District. Tliey 
were originally shales (q.r.) with some fls^tone and 
grit, and here and there some thin bands of sub¬ 
marine volcanic tuff. But they have since undergone 
a considerable amount of disturbance, and liave 
locally been much metamorphoseci by the action of 
bosses of granite whicti have risen through them, 
chiefly in Devonian times. Their original extent is 
unknown, but it mu.st have been considerable, as they 
form must of the Isle of Man, and must extend from 
there at lea.sL as far as Kastcru W'estmorland. They 
may underlie a large area in the south of Scotland, 
and it is possible tliat they may extend far towards 
the borders of Wales. Their exact thickness is not 
known, but the aggregate thickness visible cannot 
well be much less than 6,000 ft. The highest beds 
of the Skidda Shite known for certain occur near 
Milbnm, where tlicy yield graptolites and other 
fossils of Lower Llandeilo tyjics. Near Keswick 
other graptolites liave been found, which prove that 
the part of the Skidda Slates occurriug near there 
arc of Arenig age. Below these horizons occurs an 
unknown thickness of older parts of the Skidda 
Slates, part of which must be of Tremadoc age, 
and the remainder may be of the same age as the 


Skean, Skein (Arms). A double-edged dagger or 
Bw'ord peculiar to the ancient Irish races, 

Skeaa-dha (Arms). 1'lie knife or dagger worn by 
Scottish Highlanders in the stocking. 

Skeleton. Framework which constitutes the chief 
supporting parts of a structure, e.g. a series of iron 
bars on which a plaster cast is built up. 

- (Zool.) The framework supporting the body 

of an animal ; it consists of (1) connective tisane; 
(2) cartilage; (2) bone. The inteni^ struc¬ 
ture usually termed the skeleton is distinguished 
in zoology as the Endoskeleton ; In addition tr 


Lingula Flags of Wales. As elements in the scenery 
of the Lake District the Skidda Slates take an 
important part, as they form such mountains a.s 
Skidda and SwhUeback; but, as a rule, they weather 
into much smoother surfaces than the volcanic rocks 
which overlie them to the south; and the contrast 
where the two rocks occur ride by side is very 
striking. The Skidda Slates rarely afford slates 
which are of much economic importance, though 
they are employed to a considerable extent as rough 
building material. Some of the Bkidda Slate which 
has been indurated and partly recrystallised by the 
intrusion of granite masses—as, for example, the one 
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to the north of Threlkeld—gives forth a clear sonorous ’ 
ring when struck, and has often been tised for a ' 
rude kind of harmonicon. The “musical stones” | 
well known to visitors to the Lake District are of I 
this nature. Some of the more arenaceous bands ' 
which occur close to the granite bosses have been . 
thermo-metamorphoscd into bornfcls; while a few < 
of the argillaceous bands have been dynamo- \ 
metamorphosed into true phyllitcs. The Skidda | 
Slates are succeeiled southward of Keswick by a , 
thick pile of andesitic toffs, highly cleaved. an<i . 
largely used for slates. These are the well-known ‘ 
“ Green Slates.” Some bands of ande.sitic and other ! 
lavas occur with them. The whole pile seems to lie 
unconformably upon the Skidda Slates. It is these 
rocks which form most of the picturesque scenery of 
the I.ake District, from Ambleside to near Keswick 
Their position in the geological scale is not certain, 
and there is nothing to show that they are not of 
Devonian age. J. fl. O. 

Skidding. The slipping of a wheel, as distin- 
guiBhe<i from rolling. 

Skimmer {Fmindry, etc.) An implement used to 
prevent the .scum on the surface of molten metal 
from entering the mould while the metal i.s being 
run in from a ladle. 

Skimming Gate it Chamber {Fuvndry). A cavity, 
cirenhir in plan, forming an enlargement of tlic gate 
tliroiigh whieh metal enters a mould. Tht 
metal flows into the cavity by an opening on one 
side, an<l a rotating motion is set up, whicli curries 
the pure metal towards the circumference, and the 
lighter dross and soorije towards the centie of tlie 
chamber. 'Jbe iron escapes by means of a gale, and 
runs straight into tlie mould. Castings made in this 
manner arc .said to be •‘run with a .skimming gate ’’ 
or “ run with a ball.” 

Skin (Fnff.') The lianl outer layer of a ca.stitig, 
etc., owing to the cooling of the surface having 
occurred more rapidly than tliat of the interior. 
In castings the skin is also apt to contain siliceous 
matter derived from the mould. 

- (iftwf.) (1) See Kpiuebmis and CcTiCLE. 

(2) The name generally given to the [telt of a small 
animal, the term “ hide ” being apjdied to the skin of 
a large animal. 

Skin Effect {Fleet.) The tendency of any current 
which is vars’ing in amount to flow in the outer 
layers of a confluctor. On the apjdicalion of an 
electromotive force to a condnetur, the current will 
diffuse innards in a manner similar to tliat in which 
heat would diffuse if the surface of the metal were 
heated. The effect is negligible in small conductors 
unless the frequency, or the rate of lariation in the 
value of the current, i.s very great. 

Skip. A bucket or similar receptacle for bolding 
loose material which is hoisted by cranes. A basket 
i>r box used for raising material from mines. 

Skip Pass {Textiles). See Entebino. 

Skippet {Archteol.) A rouri<) box in which one of 
the large seals formerly attached to documents was 
encloseil for protection. 

Skiver (Ijeather Manvfae.) The thin grain split of 
the •'heepskin, used for thin bindings, juuse leather, 
and for jiocket books. See SHEEP avvl CHAMOIS 
l.EATHEK. 

Skraup’B Reaction or Synthesis. See guixoLiKs. 

Sky Glow {Me^ortd.) Acc.omf’anie,s the rising and 
setting sun, and is due to the diffraction and reflec¬ 


tion of light by the minute dost particles in the 
atmosphere. Sometimes extraordinarily brilliant 
after volcanic eruptions, as in 1883 and 1902. 

Slab {Build., eto.) (1) The outside piece of a log 
wlien sawn into boards or planks ; it is rough on one 
side. (2) A thin, flat, regularly shaped piece of 
material, e.g. marble. 

Slabbing {Carji.) Cutting off the rough sides of a 
balk of timber. 

Slack. Small coal used in forges, certain kinds 
of furnaces, and as a source of carbon in various 
metallurgical operations. 

Slacking Down { F 7 ig .) Dampino Down { q . r .) 

Slack Side ( Kng.) I'bc loose side of a belt, t.c. 
the portion running away from the pulley which is 
transmitting the power. 

Slag {Met.) The masses of fused and often 
vitreous or glassy silicates, resulting from a great 
number of metallurgical operations. They contain 
the major [uirt of the nou-mctallic materials of the 
ores, combined with others derixed from the fluxes 
employed, and a c<Ttain re.siduum of the original 
metitl or other constituent. Slags have a numtmr of 
uses, e.g. as IIale.\.st, Haru etc. Certain 

kinds can be, made into bricks, others supply a very 
fair IlyDKAULic Cement (g.v.) Blast furnace slag 
sui>plie.s 8i.aq Wool or SIHCate Wool (g.r.), and 
basic slag from the Bessemer jirooess is a valuable 
phosi»liatic manure. Other slags rich in oxides are 
useful in smelting oiswations. See Copper. 

Blagging {Met.) The withdrawal of the slag from 
a furnace. 

Blag Wool. Sometimc.s called Silicate Cotton. 
It consists of verv' tiiin fil.aments of blast furnace 
slag. It is used as a non-ctmducting covering and 
us an abrasive. By blowing a jet of steam into a 
stream of molten slag a showxT of slag ]>ellets is 
formed, winch in llieir flight Bj>iu out line threads 
or filaments of slag. A eurrent of air sucks away 
tlic lincst portions in the form of slag wool, leaving 
the pellets and other coarser particles. The wool is 
further graded according to its fineness. 

Blaked Lime {Build.) Quicklime to whii'h water 
has l>een mldeu. See also Calcium Compounds. 

Blake Trough {Fng.) A trough used in the forge 
to contain cold water for damping the fire, ciKtIing 
hot iron, etc. 

Blancio, Con (.lAon'r). With impetuosity. 

Blargando {Mvsie). Enlarging in tune and 
decieasing m sjieed. 

Blash {Cost). One of a scries of narrow slits or 
ojKinings made in fa,stiionable outer garmeuts fur the 
purpose of showing an under germent, or the open¬ 
ings were filled in with fancy material termed 
.sla.sbirigs. Slashed costume.s were much in vogue 
during the 'Tudor period. 

Slasher {Cotton Manvfae.) The Slasher sizing 
maebine. I'lie term is applied also to the attendant. 
See Slashpir Sizing. 

Slashep Sizing or Taping {Cotton Manvfae.) A 
{Kxpular and economical iiicUmhI of [n-eparing grey 
cotton warps for the loom. 'The yarn fiom the back 
beams is passed through a size mixture, and after 
drying is run on to a weaver’s beam at the front of 
the machine. I'here are tajvcral makes: (1) Drum 
cylinder. (2) Cavity cylinder. (3) Hot air chamber. 
(4) Steam cliest.s. 
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Slate A term frequeatly applied to any 

rook that will split into slabs thin enough to be 
used for roofing purposes. Geologists, however, re¬ 
strict the use of the term to rocks which split tijAn g 
planes of cleavage. In Cumberland some of the 
best slates are cleaved volcanic tuffs; but slates, as 
a rule, are aig^illaceous rocks. See aUo SsiDDaw 
Blates. 

Slates, RooflnS {Build.) Booling slates are sorted 
and sold in various sizes, as follows:— 

Doubles . . . 13 in. X 6 in. 

ladies . . . . 16 in. x 8 in. 

Viscountesses . . 18 in. x 9 in. 

Countesses . .20 in. x 10 in. 

Duchesses . . 24 in, x 12 in. 

1‘rincesses . . 24 in. x 14 in. 

Imperials . . .30 in. x 24 in. 

Queens . . .36 in. x 24 in. 

The sizes most in use are the Duchess and Countess. 

Slating Battens {Build.) Wood fillets nailed to 
the common rafters; the slates or tiles funning the ; 
roof are fixed to the battens. 

Slaughterhouses. See Abattoibs. 

Slay. See Slby. 

Bleaker. See 8t.EKKERs. 

Sledge nr Sledge Hammer {En.g., etr.) A heavy 
hammer swung by both hands. See Hahmebs. ’ , 
Bleekers nr Smoothers {Kowndry). Tools used by . 
moulders for smoothing or Hlebking the interior of 
a mould after the pattern has been withdrawn. 
They are made in various shapes to suit different ' 
varieties of work. 

Sleeking or Smoothing {Foundry). Tiie .smoothing 
of a mould. See Sleekebh. 

Sleepers {Civil Jihiy.) Supports laid on the 
grouno or on ballast {y.r.) to carry the line.s for a 
railway. They are usually of fir, soaked in creosote; 
but in countries w here wood is destroyed by ants, 
etc, iron sleejH'rs are used. See liArnWAYS. 

Bleeper Wall {Build.) A dwarf wall to give 
intermediate support to grouinl floor joists. 

Sleet {Meteorol.) Bain mixed with snow or hail. 
Formed from snowflakes falling through a stratum 
at a temperature of 32® F. or higher. Falls chiefly 
in winter and spring. 

Sleeve {Eng.) A general name for a fitting in 
.the form of a hollow cylinder or tube. Used in a 
variety of machinery. 

Sleeve Piece (Plumb., etc.) See Buass Thimble. 

Sleeve Screw {Eng.) A screw cut on the surface 
of a hollow .sliaft or sleeve. 

Sleeve Wheel ( Eng.) A wheel whose hub or boss 
is in the form of a sleeve or hollow cylinder. 

Sleotando (Muxie). Gradually .slackening the 
speed. 

Slewing {Eng.) Turning roim<l through an angle. 
Applied usually to pieces of mcchniiisni such as a 
crane. 

Slewing Gear (Eng.) The mechanism by which ' 
a crane is tiirncd or .slewed about a vertical axis in ! 
order to pick up or deposit goods in various positions. | 
Sley or Slay {Lace Manufac.) A band or strip 
either of metal drilled with the requisite number of ‘ 
boles or wire woven int o a network similar to canvas I 
Its use is to enable the threads that will eventually , 
coittpo.se the lace to be ariangcd in an onleriy and ^ 
systematic manner, and to keep them apart in the i 


interspace between leaving the warp or beams and 
entering the guide bars by which the threads are 
acted upon. 

Sley or Slay {Weaving). The going part of a 
loom, constructed of wood. It carries the shuttle 
boxes, reed, and trashboard or shuttle race, and 
assists in beating up the weft. {See Heed.) The 
shuttle boxes are fixed at each end of the sley, with 
the reed between, the body of the sley lieiiig bolted 
to vertical iron supports or sley swoids working on 
a centre stud or shaft. An eccentric motion is im- 
; {lartod to the sley by means of a connecting rod 
: working from the loom crank, whereby more time is 
allowed for its backward movement (when the shuttle 
passes through the shed) than for its forward move¬ 
ment (when it beats up the weft). Also termed Lav, 

I JiATHR, Batten (g.v.) See also Loom for illus¬ 
tration. 

Sleying ( Weavmg). The oijeration of drawing the 
warp threads (after they hav*! been passed through 
the healds or harness eyes) through the dents or 
splits of the reed, preparatory to fixing the reed in 
the .sley or batten of the loom for the final operation 
of weaving. See LOOM and Het. 

Bley Sword ( Weaving). Sec Slry. 

Slice {Eng.) A stoker’s tool with a tliin blade. 
Used lor breaking up a caked fire or clinkers. 

- {Print.) The name for {a) a flat bladed 

knife used fur lifting ink from the can to the doctor 
or ink slab, {b) The false bottom of a galley made 
to slide out. 

Slickensides {Geol.) Pairs of striated surfaces 
produceil on hard rocks by grinding against each 
other when the rock.s have been undergoing disturb¬ 
ance. Tliey very commonly accompany faults (q.r.) 
Hliokeu.sides somewhat resemble glacial markings; 
but in the former the stria; generally terminate 
abruptly, and minor roughni'.sses are always present, 
in wliich respect they differ sensibly from the smooth 
furrows and ridges produced t>y glacial action. 

Slicker {Leather Manvfac.) A tool usefi in 
leather nianuf.icture for setting out smoothly and 
strctcliing leather. 

- (Moulding). A Sleekkk {q.v.) 

Slide (Eng.) A general term for a piece of me- 
ehitnism which possesses a fully controlled rectilinear 
motion. 

- (Music). (1) An ornament. See Orna¬ 
ments. (2) Part of the mechanism of trumpets 
and trombones which enables the tube to be leugtit- 
enecL See Tbombone, p. 437. (3) Part of the 

mechanism of the organ, also called slider. See 
p. 439. 

Slide Bars (Eng.) lire bars wbicb cause the 
erosshead on the end of a piston rod to move in 
a. straight line. See STEAM ENGINE. 

Slide Blocks (Eng.) The blocks on the ends of 
the erossheml of an engine, wliich mo\c or slide 
along the slide bars. 

Slide Lathe (Eng.) A lathe with a Slide Best 
(q.v.) 

Slide Rest (Eng.) A device which holds and 
ahso controls tlie direction of motion of a turning 
tool. In self-acting lathes it eonsiats of a base i>r 
Saddle sliding on the lathe bed, and moved either 
by the leading screw or by the back shaft, sons to 
travel at a definite rate along the bed. Above the- 
saddle is -fixed a Cboss Slide, above which is the 
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Tool Holdbb. The latter can be caused to move 
in a direction at right angles to the b^ of the lathe 
by means of a screw in the cross slide. This screw 
is either tnmed by hand or can be actuated by 
mechanism from the back shaft. In other lathes 
the saddle has no self-acting motion, but is fixed to 
the bed in any required position by a bolt, in the 
same manner as the back jwppet, and carries two 
slides, one giving a motion parallel to the bed, the 
other at right angles. In many oa-Kcs the lower of 
these slides can be turned round throngb an angle, 
so that the tool moves in a direction making an 
angle with the axis of the lathe, enabling a conical 
or tapering object to be turned. See I.athc:. 

Slide Seat Lathe {Eng!) A latl.e with a 
Rest (y.r.) 

Slide Role (,Eng., eta.) A very simple and oflicient 
calculator, capable of performing multiplication, 
division, evolntion, and involution of numbers. It 
consists essentially of two similar .‘•cales having 
graduations proportional to the logarithms of suc¬ 
cessive numbers, usually from 0 to J(W. It can be 
snccessfully used by any one without knowleilge of 
logarithms, and its use effect.s an immense saving 
of time in engineering and other (calculations. The 
small size, 10 in. long, gives results which are correct 
to about 1 part in 500; but elaborate in.struments, 
e.g. Fuller's Special Slide Rule, give results correct 
to 1 in 10,000. As a general rule, however, it is most 
convenient to use tables of logarithms when accuracy 
greater than that attainable by the 10 in. rule is 
required. 

Slide Valve (Eng.) In most forms of the steam 
engine the admission of the sfeam to the cylinder is 
controlled by a valve which is moved backward and 
forward by the valve gear, over the openings or 
I’OHTS leaciing into the cylinder. A typical form is 



shown in the diagram. A is the cylinder; n., are 
the Steam Posts or passages through which steam 
enters from a Vai.ve Chest o, to which it is led 
from the boiler. Over these ports the valve v slides 
along a plane surface or Seat e. The hollow 
space F within the valve eommiinicatcs with an 
opening o, termed the Exhaust Port, from which 
a pipe, termed the Exhaust Pipe, leads to the 
condenser, or in the case of a non-condensing engine, 
to the open air. The valve is moved by the Valve 
Hod h, i»S8ing throngh a steam-tight Ktufpino 
Box K. If the valve be moved to the tight the 
port B, is uncovered and steam can enter tlie leh- 
hand end of the cylinder, driving the piston to the 
right, llie valve then commences to return towards 
the left, and covers B, again, thus cutting off the 
steam, which commences its exijansion in the 
cylinder. At the end of the stroke the valve has 
moved so far to the left that b, is in communication 
with the space F, and the steam now escapes throngh 
the exhaust port o. The same processes occur (in 
reversed order) at the other end of the cylinder, ll 


I will be seen that the edges of the valve project 
1 beyond the ports j this projection is termed the Lap. 

I The distance a which the valve projects beyond 
! the steam port when in its middle position is termed 
j the Outside Lap, and the distance 6 the Inside: 
1 Lap. The effect of the former is to close the steam 
' ports before the end of a stroke, thus rendering 
; expansive working possible; the latter prevents the 
' ascape of steam until the valve has mov'ed from the 
middle position throngh a distance equal to the 
j amount m the inside lap. if the valve bad no lap, 

! steam could enter one of the steam porta whenever 
: the valve was displaced rom the middle position, 

; and would continue to enter until the valve returned 
I to this position, ix. during the whole of each stroke. 

I There would then be no expansion of the steam, 

■ and the indicator diagram (q.v.) would be approxl- 
1 mately a rectangle. The eccentric (q.v.) would be 
: BO adjusted that its radius—that is, the line joining 
the centre of tin:* eiicentric sheave to the centre (ff 
the crank slmft—was at right angles to the crank 
shaft. The existence of the outside lap requires the 
eccentric radius to be set in advance of this position, 
in order to open tin* valve at the beginning of a 
stroke; a further small advance is also made in 
order to optm the valve just before the .stroke t>egins. 
The amonnt which the valve is actually opicn at the 
commencmiiient of a stroke is termed the I^BAP. 
The angle between the crank and the eccentric 
radius thus exceeds a right angle by an amount 
termed the Angui-ak Advance, which depends or» 
the lap and lead. Tlu^ correc-t adju.stinent of tho 
positions of tins valve and eccentric is termed 
Setting the valve. 

Slide Valve SpiAdle (Eng.) The V.vlye Roix 
See Si.iDE Valve. 

Slide Wire (Elect.) The .straight wire which 
furnishes the two variable resistances in a Wheat- 
steme Bridge (<y.r.) of the straight form known as a 
Slide Wire Bridge. 

Sliding (Etig?) (1) In general, any smooth linear 
motion. (2) In farticular, the movement of a tool 
piaraihd to (he bed of a lathe by means of the Slide 
Best (q.v.) 

Sliding Blocks (Eng^) Slide Blocks (q.v.) 

Sliding Pit ( Eng.) Two p>arts which fit together 
easily, yet without t>ic least amount of shake or play, 
arc said to make a sliding fit. 

Sliding Friction. Tiie friction (q.v.) between two 
surfaces wliicli are in motion over or relatively to each 
other. 

Slimes (Met.) Finely crashed residues from the 
milling and cru.shing of ores. Stie also Amalgama¬ 
tion PBOCE8SE8 and Metallurgy. 

Sling (Eng.) A general term applied to various 
devices by which an object is suspended, e.g. a 
suitably V>ent bar or a loop, by which a heavy weight 
is attached to a crane. 

Slip (Build.) A thin liquid, or, more correctly, 
some solid suspended in a liquid, e.g. a mixture of 
clay and water. 

- ((}ivU Eng.) (1) An inclined plane upon 

which a vessel is supported while being built, or upon 
which a vessel is placed for repairs. A contrivance 
for lianliug vessels out of the water for repairs. (2) 
Falling in of the sides of a entiing or embankment 
is prevented by attention to three points ; (a) Ki-ep- 
iug the slope at a snfiS^clently low angle; (b) Efficient 
drainage; (o) Protection of the surface from weather, 
chiefly by encouraging the growth of grass and other 
vegetation. 
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Blip i-Eng., eto,) (1) Belative motion o£ two 
objects. (2) A tbin oQ stone for giving a finish to 
the edge of catting tools. 

— (fi'eol. and Mvmng). A miners’ term for the 
displacement accompimying a fault also for 

the amount of that displacement. 

- (.Eot.') Clay containing so much water that it 

is of about the consistency of thick cream. 

Slip Dock (^OivU Eng.) A dock which can be 
emptied and which contains a slip (g.v.) 

Blip In Xoton, etc. (Ehiat. Eng.) The ratio of 
the frequencies of rotor and stator currents. If a is 
the angular velocity of the rotating field, and that 

of the rotor, then the Slip = - . 

Blip Kiln (Pdf.) A shallow tank under which are 
flues. It is used for the conversion of slip into clay 
by evaporation. 

Blip of a Screw Propdler ^Eng.) The difference 
between tlie actual velocity of a steamship and that 
which it would have if the screw were turning in a 
fixed nut which exactly fitted the blade.<i. The slip 
is obviously due to the yielding nature of the water. 

Slipper or Slipper Block (.Eng.) A Slidb Block 
(q.v.) 

Slipper Brake (Eng.) A brake for vehicles 
running on rail.s. It consists of blocks attached to 
the frame of the vehicle in such a way that they can 
be thrust down on the rails, thus chec king the motion. 
'"Slippery Iron (Met.) Cast iron containing 2 or 3 
per cent, of manganese; so called because it is capable 
of acquiring a very smooth surface, suitable where 
there is much friction, as in the cylinders of 
engines, etc. 

Slip Proof (Typog.) A proof pulled when the 
type or matter is on the galley, i.d. before it is made 
up into pages. 

SUps (Bi nd.) The ends of the bands or cords to 
which a book is sewn. They eventually serve to 
attach the book to the millboards, into which they 
are laced and then hammered. See Bands. Boabos, 
Bookbinding, and Lacing In. 

Slip Winding (Lane Sfamtfae.) The operation 
of winding cotton or other material from skeins or 
Iianks on to wood or similar bobbins. 

Blip Winding Engine (Laee Manvfao.) A machine 
for accomplishing the foregoing operation. 

Slit ( Met.) The technical term for the nail rod.s 
used by nail makers, because they are made by 
passing bars through a slitting mill (^.r.) which slits 
them up into rods. 

—- (Pliyg.) A narrow opening used in spectro¬ 
scopes and other pieces of appiratus in order to 
obtain a narrow beam of light. The slit is usually 
formed in a diaphragm furnished with a device by 
which the width of the opening can be mljusti'd. 

Slitless Speetroieopa (Aetron.) When a spectro- ‘ 
scope is u.sed without a collimator, that is, w'hen , 
parallel light rays are under investigation, the in- ! 
stniment is termed a slitless sfiectroscupe. Another < 
name is an objective prism spectrosoofie, or, when 
used for photography, a prismatic camera. 

Slitting File (Eng.) A file with a thin blade like ; 
a knife, used in filing a thin groove. 1 

Slitting Mill (Met.) A pair of rolls fitted with ! 
steel ooUars or discs which intermesh and act on { 
the bar iron, as it is fed between the rolls, like a 
rotary shearing machine. ' 


BUver (TetetUe Manirfae.) A collection of cotton,, 
flax, or woollen fibres which have been formed into 
a tape-m» strand for the puiiMBe of being subse¬ 
quently spnn into yam. See BovB, Blubbing ani 
Linen Manvfactubb. 

Slop Glosets (Sanitation). Closets which are- 
flushed by means of the slops or refuse liquids of 
the household, instead of by clean water. There are 
two kinds, vit. those in which the waste water runs, 
directly into the basin and those in which, in order 
to obtain a better flush, the waste water is o<»llected 
in a siphon, cistern, or tipper, and then discharged in 
a sadden flush; these latter are known as “automatic 
slop closets,” A number of these closets can be 
placed on one drain, a single trap, placed at the 
lK)ttom of the manhole, serving for the whole— a 
ventilation shaft being provided at the upper end. 
Slop closets are now placed in many working class 
houses in the Midlands. 

Slope TUe. A glazed earthenware receptacle in 
which draughtsmen's colours are mixed ready for 
use. It contains a number of shallow pits with 
sloping bottoms. 

Slop Sink (Sanitation). Usually a large “short- 
hopp^'” china basin with a siphon trap below, fur¬ 
nished with a grid to prevent obstruction in the pipes. 
The trap should be connected with the soil pipe,, 
the basin provided with a flushing rim, and flushed 
from a water waste preventer. A slop sink should 
only be used when it is undesirable to disobarge 
slops from bedrooms or hospital wards through the 
water closet. 

Slot (Eng.) (1) A general term for a long narrow 
recess or aperture, particularly one in which a pin or 
block fits. (2) A continuous narrow opening be¬ 
tween the rails of a cable-tramway, by which the- 
grip on the car effects connection with the travelling 
cable. 

Slot Drilling (Eng.) Catting a slot by means of 
a kind of revolving drill. The drill has no vertical 
motion, the feed teing entirely due to the motion of 
the piece of metal, which is moved along by a table. 

Slot Link (Eng.) The slotted link used in the 
Link Motion (q.v.) 

Blotted Armature (Eleqf. Eng.) An armature in> 
which the conductors lie in slots or grooves instead ■ 
of on the outer surface. 

Blotting ( Eng.) Catting a SLOT (q.v.) 

Slotting Haohine (Eng.) A modification of a. 
sliaping machine (q.v.), in -which the tool moves in 
a vertical line. It is used for catting Key ways 
(q.v.) and in various other operations. 

Slotting Tools (Eng.) The tools used in the 
Slotting Machine (q.v.) They resemble those n.sed 
in mctal-turniug lathes, so far as the form of the 
cutting edge is concerned ; but they are often bent 
to enable the tool to reach the work, as they move 
along a .straight line which is the direct prolongation 
of tlioir own axis. 

Blabbing (Cotton Syinning, ets.) The process in 
spinning in which the strand or sliver (q.v^ is not 
only further drawn out to a smaller diameter, but 
also first receives a slight- twist as it is wound on to 
a bobbin by means of a “ flyer " aflixed to a spindle.. 
The resultant drawn and partially twisted sliver is 
also termed a Blubbing. Cf. Bovs, Kovino. 

Slabs (Cotton S/nnning). Thick places in cotton 
yams caused by faulty preparation in the spinning 
processes. 
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Sludge etc.') The muddy sediment de¬ 

posited in (k boilec. 

- (Sanitaiion). The solid and semi-solid 

portions of sewage, separated from the liquid 
portions by settling or precipitation. 

filodge Cock {Eng.) A wide tap at Uie bottom of 
a toiler through ndiich much of the sediment can 
be washed out by a brisk supply of water from a 
hose. 

Sloiee {Civil Eng., Minirig, etc.) (1) A channel 
constructed for the purpose of conveying water in a 
given direction; the water so convey to. <'f. Flume. 
(2) A sliding gate or other contrivance in a luck gate 
or dock gate for effecting or controlling tlic passage 
of water. (3) In mining, a trough with an arrange¬ 
ment at the bottom for holding quicksilver, in order 
to separate the gold from the placer dill when 
•carried through by a current of water. 

Blur {Mtaic), A curved line placed over or under 
two or more notes of different pitch to show that 
•they are to be performed legato {q.v) The slur 
plays an important part in phrasing, and indicates 
that the first note under the slur is to be accented, 
and the last note unaccented and played staccato 
-(tf.r.), e.tj. 

Dl'!U!r.K. 



As will be seen from the next example, the slur often 
removes the usual isisition of the accent: 


Dusskk. 


An exception to this rule is when two notes in sluik 
time or two long notes are slurred, also wlien group.'- 
of three, four, or more notes arc slurred together, in 
which case the slur signifies simply legato \ should the 
slur, however, extend to the accent ci I notes, as in tlu' 
following example, the above rule holds good: 

Wekek. 







In vocal music the slur indicat(;s that tho.se note^ 
* ‘ slurred ” arc to be sung to one syllable. In stringed 
instrument nin.sic the slurred notes are played by one 
stroke of the tow. Hee alto .Sta(;<;.vto and Tie. 

- {Print.) When from any cause during the 

actual process of printing the impression is smeared, 
it is .said to slur. 

Slype {Arohiteet.) A medimval name fora narrow 
passage between two buildings. 

Sm {Chem.) The symbol for SamaKIL’M {q.r.) 

Small Capital! {Typog.) Uf a smaller size than 
tlie legular capitals of a fount. ITiey are used for 
running titles, chapter headings, side headings, and 
for emphasising certain phrases, proper names, etc. 

Small Circle {(ieom.) The circle formed by the 
intersection of the surface of a sphere W'ith any plane 
cutting it, but not passing through the centre. See 
iSPBBRB. 


Small Octave {Music). The octave between tenor 
I C and middle C. See PiTOH. 

! Smadl Pica Type between Pics and Long 

! Primer in size. &e TlCPBS. 

i Small Post {Paper.) A sheet of writing paper 
measuring 19 x 16^ in. 

Smalt. See Cobalt Compouni». 

Smaltine {Min.) Cobalt diarsenide, CoAs^; com- 
: position variable as a pa.ssage to Cloanthite (nickel 
; diarscitide) is observed. Cubic, in brilliant tin white 
crystals; also massive. It is usually associated with 
other ores of cobalt and with ores of copper, silver, 
nickel, and arsenic. From Cornwall, Force Crag in 
; Cumberland, Argyllshire, and Btirlingsbire, More 
' abundantly abroad at Freiberg. Bohneetorg, and 
! Auiiaberg in Saxony, in Bohemia,Tunabergin Sweden, 
Chili, Missouri, etc. 

Smalto {Dec.) lioman mosaic work, competed of 
very small .square.s of coloured glass. 

Smelting {Met.) The separation of metals from 
their ores by the combined agency of beat and 
chemical action. The process usually requires the 
adiiitiou of Fluxes (q.v.), and oxidising or reducing 
agents which may consist entirely of gases formcil 
in, or introduced into, the furnace. Cf. Melting. 
See also Metallubgy. 

Smith {Eng.) A general term for a mechanic who 
' forges metals with a hammer, but often distinctively 
! applieil to a blacksmith, i.e. one who produces 
i wrought-iron work, as distinguished from a copjK-r- 
smith. tinsmith, and whitesmith. 

Smith’s Shop or Smithy. A forge ; a workshop 
provided with hearths and anvils, etc., and in a large 
shop with power liumnicrs, cnines, and other 
machinery. 

Smithsonitc (Mia.) In Britain this term is 
sometimes used for HE.MlMORPmTE {q.r.) ; but it has 
bet:n used in America for tiie Carlsmate of Zinc, 
Calamine. 

Smoke. Toe gaseous priulucts of combustion 
mixed with other gases given off by fuel, together 
with a great number of fine particles of unburnt 
carbon. Bmokc thus consists largely of fuel which 
is being wiLsted. 

Smoke Box {Eng.) A chamber in a locomotive or 
other tire-tube lK»ilcr at the end of the tubes or flues 
oijijosite to the fire-box. The protluets tif combustion 
collect in the smoke-box in their pa.ssage to the 
i smoke-slack. See Boilebb. 

Bmokeless Coal {Eng.) Anthracite and similat 
varieties of coal. See COAL. 

Smooth Cut File {Eng.) One with a considerable 
mini tor {c.g. 10) of teeth to the inch. 

Smoother {Foundry). Sleek eh. 

Smoothing Plane {Carp, and Join.) Tills tool is 
. used for smoothing the surface of wood after the 
jack and trying plane have toen used. See also 
Planeb. 

Smorzando, Smorzato (Music). Smothering the 
tone; cfiuivalent to morendo. _ 

Smudge {Plumh.) A mixture of lampblack, 
chalk, etc., used to prevent solder from adhering to 
lead where not requiicd. 

Sn {Chem.) The symbol for Tin {q.v.) 

Snap {Eng.) The cup-shaped tool used for closing 
or forming ttic head of a rivet. The tool is held over 
I the head of the redhot rivet and struck with a 
hammer. 
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Bmw Head Rivet {JUng.) A rivet with a onp- | 
Hhaped head, formed by a snap. i 

BoBiFIs Sjnnning, eto.) Twisted loops or ' 

kinks which appear at intervals on a thread; caused ' 
mainly by uneven tensioning or bad setting of the : 
faller mcohanism and carriage of a mule. 

Baeok (Build.) A local term for a latch or door : 
fastening. 

Bnecked Rubble (Build.) Masonry formed of ' 
rough irregular stones, but arranged in such a manner 
as to secure an effective bond. 

Buell’i Law (lAght). When a ray undergoes 
refraction in passing from one medium to i 

another, there is a ratio between the sine of the 
angle of incidence and the sine of the angle of 
refraction which is constant for any pair of media, or 
, i _ 

Sin r~ 

Sir ol»o Rkfractiok and Index of Refbactiox. 

Bniftlng Yalve (Bng.) A valve used to allow the 
escape of gases, watcT, etc., from an enclosure when 
the pressure exceeds a certain amount; also called 
a Tti.ow Valve or Tail Valve. 

Snips. Hhears for cutting zinc, tinplate, etc. 

Snow (Metearol.) Snow consists of the aqueous 
vapour of the atmosphere precipitated in the form of 
light, loosely packed masses of ice crystals. It may 
be said that one foot of snow represents roughly 
about one inch of rain. 

Bnow Guards (Build.) Iron rails, etc., hxed at 
the eavtis of a roof t<i prevent the sudden fall of large 
masses of snow from the roof. 

Bnow Line (Metirrol.) A line that marks the 
height below wtdeh all the snow that falls unnnall}^ 
melts during the .summer. Above this line lies the 
legion of perjietual snow. 

Boakers (Plumb.) I’ieces ot lead or zinc fixed in 
the angle at the junction of a w.all and the slates 
a roof in order to prevent the rain running down the 
wall inside the roof. 

Soaking (Bet.) Allowing a freshly cast ingot of 
steel to remain in a SoAKINO Pit (q.r.) in order that 
its temperature may become imil'onn throughout, 
prior to rolling. If allowed to «‘ooI in the air the 
outside cools much more rapidly than the interior, 
which may remain in a fluid condition for some 
time. 

Soaking Pits (Met.) A bed of brickwork moulds 
in w'hich the freshly cast »teel ingots are placed as 
soon as stripped. When once healed, the pits arc 
kept hot by the fresh ingots. They are usually built 
below the floor of the rolling mill, and kept covered 
to exclude air. 

Soap. In popular language this is a substance 
soluble in water and posses.sed of lathering and 
detergent properties. These qualities are practically 
restricted to the soaps of alkali metahs. A soap is 
a salt of which the basic radicle is a metallic oxide, 
while the acid radicle is derived from a fatty acid. 
Fats, such as tallow or liusued oil, are compounds 
in which the railicle of an acid replaces hydrogen in 
glycerine. The acids concerned are therefore called 
fatty acids, and in the making of a soap from a fat 
the glycerine is formed and set free. Many of the 
soaps are, however, far from conforming to the 
popular conception of a soap. The term “ soap" is 
practically confined to the potash and soda salts of 
the highest members of I be. fatty acid serie8,e8pecially 


palmitic acid and stearic acid. With potash we get 
soft soaps, with soda hard soaps, and tnterraediatet 
varieties by the use of both alkalies. The soaps of 
the heavy metals are insoluble; and although they 
have their uses, they refuse t» wash anything;,. ISie 
manufacture of soap is of considerable antiquity, bt^-. ^ 
cannot be traced back much before the begimii^ 
of the Christian era. Pliny describes a product front . 
goat tallow and wood ashes, and Pompeii possesasd 
a soap factory. Of the cbemislry of soap nothing 
was known before the time of Chevreul. The Pbo* 
CESSES OF Soap Making &11 under two great heads. 

In one sot the fat itself is treated with the alkali 
direct; in the other the fatty acid is first prepared 
from the fat and then treat^ with the alkali after 
the separation of the glycerine also formed. The 
former principle was the only one used until com' 
paratively recently; but the latter is fast gaining 
ground, and seems likely to supplant its older riv^ 
altogether. One great reason of this is, that when 
the new methods are adopted it is far cheaper and 
easier to extract the glycerine (which has a higher 
price than most soaps) than is the case when the 
fat is saponified direct. The indirect saponification 
methods, if the term may be allowed, are again. 
subdWisible into two. In one the fatty acid is 
produced by chemical means, and in the other the 
prodnetion of acid and glycerine is the result of the 
action of an enzyme from a seed, especially from 
the seeds of the castor oil plant and those of the 
wild liquorice (Abna preeatitriut). Taking the older 
method of direct saponification first, we find that te 
make a hard soap the fat is boiled with a caustic 
soda lye until the whole of the fatty acid has- 
been converted into the alkaline salt. Tlie quantity 
required for a given weight of the fat (or, more 
usually, mixture of different fats) is roughly known^ 
and gradient tests exist by which the progress of 
the saponification may be estimated. When saponi¬ 
fication is complete the soap is in a state of solatii>u 
in the water present, and must be precipitated. This 
proce.ss is called Rklabgino, and is done by throw¬ 
ing in dry common salt. This dissolves in the water, 
anti forms a solution in which the soap is insoluble. 

It therefore rises to the lop in the solid form, and 
riie snb-lye, containing the salt and glycerine, ia 
run mil from beneath it., Before rclarging, the .soap 
maker judges by tlic taste or “touch” whether the 
•soap contains too large an excess of alkali or too- 
large an exces.s of fat, adding more of one or the 
other as may bo required. When the sub-lye haa 
been drawn off, the soap is fini.shed or clear boiled 
by, boiling with lyc t-oo strong to dissolve it. This 
purifies it, and the sub-lye having been again run off, 
the soap is ladled into the framc.s where it sets. 
Tn some cast's in making high priced soaps, a 
••cleansing boil,” or even two, is given after finish¬ 
ing. This is d'inc vrith strong salt water, and its 
object is to free the soap from dirt and any exoesa 
of alkali. A soft soap is much simpler to make, as 
no relarging is reqiiiretl. The above description ia, 
an outline of a typical process, but the details vary 
almost indefinittV, according to the fat used and 
the purpose for which the soap is intended. Soaps 
are, of course, Medicated, Scented, and Dvbd in 
many ways. Tn the liest soaps the <lrug or scent is 
added by milling, i.e. cutting the soap into thin 
shavings, which are then wetted with the liquid to 
be incorporated and again made into esdtes or bars 
by being pressed through a moulder. A majority of 
the soaps upon the market are “ filled.” FiLUNos : 
Boap has the power of incorporating wHh and boIding^ 
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large quantities of foreign matter. Kosiu, common 
salt, potassium chloride, potassium and sodium Bal> 
pliates, farina and water glass, are all common 
fillings. They are to be regarded as adulterants 
pure and simple, as they are cheaper than soap and 
do not possess its useful properties. It is true that 
rosin makes salts analogous to soaps with metallic 
oxides; but these soaps, like lime soap or iron soap, 
are soaps only from the point of view of chemical 
classification. Rosin is added during saponification, 
the other fillings at the final stage before framing 
or even while the soap is setting in the mould.s. 
The glycerine is sometimes incorporated with a soap— 
especially in the toilet soaps made by tlie so-called 
” Cold process,” i.e. by extra strong lyes at tempera¬ 
tures well below boiling heat—but cannot be called 
a filling, as it is an essential part of the fat from 
which the soap is made. In former times, soap 
boilers made their own caustic alkali from quicklime 
and the carbonate of the alkali. This practice has 
been lessening ever since caustic soda could be 
cheaply bought ready made; but it still pre\'ails to 
some extent on the Continent, particularly in Russia. 
When a soap is to be prepared by the iKUlKEfvr 
CnEMlCAL i’KOCESS, the fatty acid is simply neutnil- 
ised with the alkali or its carbonate. There is no 
glycerine, and very little finishing is needed, as the 
fatty acid is always much freer from foreign matu-r 


solution of a metallic salt to one of common soap. 
Many of these insolnble soaps have pronounced 
colours, and the mottling of soap is occasionally 
effected by stirring in a little solution of iron, 
which throws down its equivalent of dark iron 
I soap. Nowadays, however, mottling is done chiefly 
by stirring ultramarine or black oxide of manganese 
into the soap In the ^mes, choosing the time for 
doing so as late as possible, that the mottling may 
not accumulate at the bottom. The heavy pigment 
would rapidly sink if the soap were fluid enough. 
POLisHiMQ Soaps are ordinary curd soaps into which 
sonic abrasive material, such as ground pumice stone, 
fuller’s earth, prepared chalk, kieselguhr, etc., has 
been emtehed before allowing tho paste to cool in 
the frames. In the same way disinfecting products 
are also introduced. Soap Powdeb is chiefly ground 
washing soda (or sometimes ordinary .soda ash), mixed 
with varying percentages of dried soap, as it comes 
from the frames. Dyei n(3 Soaps are ordinary bouse- 
liold soaps to wliicb aniline dyes (with a mordant, if 
necessary) have been added prior to cooling. 8o- 
calleil superfatted toilet soaps have some emollient, 
such a.s lanolinc, vaseline, spermaceti, incorporated 
by rcmclting or milling. The object is to correct any 
excess of free aLkali, which tends to roughen the skin. 
I'he following arc a few typical analyses of soaps : - 


than the original fat. The fermentation method for 
producing the fatty acids consists of making a pulp 
of the seeds of Itioinus, or of the plant cbo.seu, and 
keeping it in the warm fat in the presence of mineral 
acid. It is claimed for this method that the 
glycerine obtained pays all tbe expensc-s, so that 
the whole of the money received by the sah; of the 
soap is clear profit. ItosiK Soap is used, as already 
stated, as an adulterant of ordinary soaps, but is 
also employed as a raw material for making other 
resinatee, some of which, such as the re.siuutcs of 
lead and manganese, are use<l as dryers by >aini.sh 
makers. If ro.siii is Ixiiled in solution of carhonate 
of soda, carbonic acid gas is given off, and a .st>lntion 
of soda combined with resinio acid is left. If, say, 
nitrate of lead is added to the solution of resinate 
of soda, resinate of lead is obtained as a precipitate. 
Other rcsinates of heavy metals are obtained by 
similar methods. Rosin soap enters into the com¬ 
position of some of the waterproofing mixtures. 
iSeveral patents have been taken out for using the 
soaps of the heavy metals, .«uch a.s the oleatc, 
stearate, and palmitatc of alumina, in waterproof¬ 
ing. l..ead plaster, or oleate of lead, is a well known 
insoluble soap used in medicine. Lime Soaps are 
used in making cheap lubricants, and on the Con¬ 
tinent are precipitated from waste baths of ordinary 
, soap for tbe preparation of illuminating gas. The 
soaps of alumina, rinc, and magnesium are used to 
increase the viscosity of heavy machine oils. In 
candle mkking, lime soap is largely used, and it is 
also employed in making fatty acids, the fat being 
saponified with milk of lime under a pres-sure of 
160 to ISO lb. to tbe square inch, and tho lime soap 
being afterwards decomposed wdth dilute sulphuric 
acid, which forms sulphate of lime and sets free 
rite fatty acid. The acid rises to tbe surface of 
the water, and is skimmed off, while the insoluble 
sulphate of lime forme a sediment at the bottom. 
With the exception of lime soap and lead plaster, | 
MO heavy metal soap is made by direct saponification. ; 
LEAD PiiAsTBE i,s prepared by heating olive oil with ; 
tithaigc and lime soap, as just described. The | 
others are obtained as precipitates by adding a ' 


Tallow Cnni. . . . 
Bleached Palm . . . 
Imitation Castile . . 
Milled XoUet . . . 

Prininuo. 

Olivo Marseilles, No. I 
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The TranipemitBoaps 

Cold ]irocess . . . 
Spirit proceoH flllnl 
with sugar . , . 
Spirit process niih- 
ont sugar , . . 


* Also 15 |ier cent, of resinous anliydridee. 
t S8 |ier eent sugar. { 14 par cent sugar. 

Among soft soaps the following arc typical;— 


S»iip. 

Fatty 

Alkali 

1 Water, Balts, 

j AcidH. 

(K.,0). 

; Olycorine, etc. 

Rape Oil . . . 

1 .Tl-7 

10-0 

' .IH-Jl 

Olive . . . . 

j 4K-0 

10-0 

42-0 

I>ondon make . 


«-r» 

46-6 


See also Soft 8oap8, White Soap, Tellow Soap. 

Soap Baric ^Botany). The soap tree of Sooth 
Ameiiea (Q-uillaia laponariai order, yields 

tbe soap or Panama bark used iu medicine, and as a 
cleaning agent for silk and delicate fabrics. 

Soap Bobbles (Phyt.') The walls of a soap bobble 
are formed by a thin film of soap solntlon, which 
tends to contract owing to tbe surface tension of its 
two surfaces; this tewency to contract is counter¬ 
acted by the pressure of the enclosed air or ether 
gas, which is always greater than the pressure of the 
external air. If p be tbe difference between the 
internal and external pressuras, T the surface tension 

4T 

of tlio babble, and r its radius, then p = , 

' Ir 
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Soapstou (Min.) A massive varietj of T^iiO 
Cj.v.) It is used in the East for ornamental earring 
•and tnming. Commercially it is used in the manu* 
factnre of gas burners, as a dry lubricant, in the 
manufacture of porcelain, and on account of its 
absorptive property when in fine division for removing 
grease from cloth. 

Boapandi {Eng,) Used as a lubricant for the 
cutting tools in working wrought iron and steel. 

Soave, Soavemente {Miuic). Sweetly, delicately. 

Book (^Arohaol.) The lighi low shoe worn by 
•comic actors in Creek and Roman drama; the 
symbol of comedy. <y. Buhkik. 

Socket {Carp, and Join.') TImj recess or opening 
into which the pin of a dovetail fits. 

- {Eng., etc.) A hollow or cavity into which 

•some object fits, especially the enlarged end of a 
length of pipe, fke FAtJCKT. 

Socket Chisel (Carj}.) A heavy mortising chisel 
with a tubular metal sw-ket or handle, into which a 
wooden handle is fixed. 

Socle {Architret.) A slab-like member, square in 
plan and less in height than in width, used under a 
j>edestal or vase, A Cont/nued Socle is similar to 
t)ie above, but is continued ronnd a building, instead 
of being used only under certain members of it. 

Soda {Cheni.) A name loosely used to denote 
cither sodium hydroxide or sodium carbonate. The 
context alone enables one to tell what is meant. In 
some analytical reports the word means sodium 
oxide, Na,0. The term soda is not used, or only 
where no ambiguity can arise, by accurate writere 
on chemistry. See alto Alkali and SomuM 
Compounds. 

Soda Ash {('hem .) Dry commercial sodium car¬ 
bonate. See ALKALI. 

Soda Bleach. See Soi>ir.M Peboxide, under 
Sodium (iompounds. 

Soda Crystals {('hem.) Crystallised i«o<lium C4ir- 

bonate, NajCO,10H,p. Alkali, 

Soda Mitre {Min.) Nitrate of sodium, Ka.NO,. 
Soda =» H6*B, nitric acid =. 63-5 per cent, Rhombo- 
hedral; also in efflorescent forms. White, greyish, 
or brown. It is u.sed in the manufacture of nitric 
acid and potassium nitrate. It occurs as a surface 
deposit on the Pampas of Chili, it is a common 
associate of Gypsum, Rock Salt, etc. 

Soda Waste {('hem.) Same as alkali waste. See 
Alkali; Chance's Pbocess; and Sodium Thio¬ 
sulphate, under Sodium Compounds. 

Bodiam (C7<m.) Na. Atomic weight, 23. A 

silvery white metal which rapidly becomes coated 
with oxide on exposure to air. Hence it is kept 
under hydrocarbon oil in a well-sloppereti bottle. 
On tVio large scale it is washed with oil and imt up 
in hermetically sealed drums. At ordinary tempera¬ 
tures it is very soft, and can be moulded in a sodium 
press, but at —20° C. it possesse.s ordinary metallic 
hardness, and is malleable and ductile in an atmo¬ 
sphere that cannot oxidise it. It is one of the 
lightest of metals (sp. gr. = 0-973), and is fusible 
and volatile (m.p. — 95’G*C., b.p. = 742° C.); specific 
beat 0'29 (solid) and 0*24 (liquid). Although 
generally seen in sticks, sodium can be orystaliised 
in a similar manner to Prismatic Snlpbnr.' Recent 
investigations show that the molecule of sodium is 
monatomic. When sodium or any compound con¬ 
taining it is introduced into a colourless Bunsen 


burner flame a vivid yellow flame is produced, even 
by extremely small quantities. Sodium is stable in 
perfectly dry air or oxygen, but it oxidises readily in 
moist iur; reacts very eneigetically with water, 
replacing half the hydrogen at the ordinary temmm- 
tore, and forming sodium hydroxide, + 2Na » 
fiNaOH ■¥■ It combines directly with sulphur and 
with the halogens; dissolves in liquefied ammonia, 
and reacts with gaseous ammonia to make sodamide 
{q.v.) It combines with hydrogen to make the 
j hydride (NaH). Dilate acids have an energetic action 
I on sodium, which is very high on the electro-positive 
> scale; hence if it were practicable to employ it instead 
I of zinc in a voltaic cell, a very high E.M.F. would 
' be obtained. It forms only one important alloy, 

I viz. with potassium. The alloy is fluid at ordinary 
temperature, and has the appearance of mercury;' 
sometimes used in thermometers, as it is fluid up to 
440° G. Sodium Amalgam is formed by putting 
clean pieces of metallic sodium very carefully into 
mmicuiy in a porcelain mortar; much heat is evolved. 
The amalgam will slowly deoompo.se water, and can 
be employed to amalgamate iron and platinum. It 
is also used as a red ucieg agent in organic chemistry 
and as a solvent in extracting gold and silver. 
Hodium occurs native, principally as common salt 
. (sodium chloride), NaCl; also us borax (sodium 
pyroborate), Na,BjOy, and as Chili saltpetre (sodium 
nitrate), NaNO,. These salts, being soluble, could 
only be deposited in an almost rainless climate. 

' Other sources of sodium are insoluble, e.g. the mineral 
cryolite, Na,AlF„ also the mineral Albite and the 
sodalitegroupof silicates. PBEPAEATlON-.inCastner’s 
' process fused sodium hydroxide is put in a large 
, tank heated to about 330^ C. The negative electrode 
I or cathode at which the sodium comes off passes up 
into the liquid from below, and is surrounded at the 
top by wire gauze. The metal floats in the molten 
liquid, and is ladled out at intervals.—H. W. H. 

Sodium Compounds. Bodium Monoxide, Na.0, 

' although theoretically the normal oxide, is not the 
most important; obtained by heating sodium with 
the theoretical quantity of sodium nitrate, 
lONa + 2NaN0,=6Na,0 + N.,. 

It is a grey, fusible powder, and is soluble in water 
without evolution of oxygen, Naj0 + H,0=»2Na0H. 
SODIUM J’EBOXIDB, NajO*. Sodium in thin pieces 
I is placed on aluminium trays and allowed to travel 
slowly down iron tulies kept at 300—400° C. Air free 
from water and carbon dioxide is pashed over and 
oxidises it. Sodium peroxide is a white, friable mass 
! with a faint yelhtw tinge; not deliquescent when 
j)ure. Dropped into cold water it dissolves with , 
scarcely any chemical action; hut if cold water be ‘ 
dropped upon it, torrents of oxygen are evclved.,^' 
This make.-, a convenient laboratory method for pre¬ 
paring oxygen. Sodium peroxide is decomposed by 
hot water, 2Na_At. -t 211 jO = 4NaOI] + 0,. On moderate ’ 
heating it simply darkens in colour, ft acts violently 
on any oxidisablc organic substance {e.g. it sets 
. paper on tire). It is dangerous to heat it on char¬ 
coal or to add concentrate sulphuric acid to it. It 
, sets fire to glacial acetic acid, absorbs carbon 
‘ dioxide, and evolves oxygen; bat the volume of the 
! oxygen is only one-half that of the carbon dioxide, 
2Na20j + 2CO,=2Na,CO,-i 0.^ This may he used to 
prove the formula. Soda-bleach is a trolution of this 
, substance in dilute hydrochloric acid, and acts like 
hydrogen peroxide. Sodium Hydboxidb, NaOH' 
(caustic soda) : Obtained (1) as described under 
i Alkali {q.v.), (2) by precisely similar methods to 
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those described for putassiuia hjdroxide. Sea 
Potassium Compounds. Sodium hydroxide may 
be purified for use as a reagent by dusolving in 
alcohol and filtering, afterwards evaporating to dry¬ 
ness in a silver dish. Solid sodium hydroxide, on 
exposure to air, forms a viscous liquid by absorbing 
water, and aftcrwanis becomes coated with carbonate 
by absorption of carbon dioxide. Soluble in vater. 
with considerable rise of temperature; fuses at 310° C., 
and in the fused state attacks glass. For uses see 
Alkali. Sodium Hydbide, NaH (Mois.s8n): Ob- 
liained by heating sodium in dry hydrogen to about 
370°C.; forms white cryBtal8(sp.gr. ‘92), spontaneously 
inflammable in moist air. It liberates carbon from 
carbon dioxide; w'ith water it gives caustic soda 
and hydrogen, liIaH + H,0=NaHO + Ilj. Sodium 
Chlobide, NaCl: Found native (impure) as roek 


Filter from the calcium sulphate and orystall^. 
The crystals are large and dear. They dissolve in 
water with fall of temperature; but the solution is 
not very stable. It is used in photography as 
“Hypo” to dissolve unaltered silver salts, and 
in chlorine bleaching as an Antichlor. In analytical 
cliemistiy it is employed in conjunction with 
standard iodine for estimating oxidising or reducing 
agents, 2Na^jO, +lj|=Na,840, + 2Nal. SODIUM 
Amide «r Sodahidb (NaNH^: I’ass dry ammonia 
gas over heated sodium, 2Na + 2NH*=2NaNH2+Hy 
It is a waxy mass of crystalline stmetnre, and is 
chiefly interesting on ac.Gt)nnt of two reactions: 
(1) With nitrous oxide (N._,0), on heating, it yields 
sodium asoitiiide, NaN, (see AzoiMIDB), 

2NaNlI„ + = NaN, + NaOH + NH,, 


salt; also obtainable by evaporating brine. l'iir(‘ 
sodium chloride can be obtained from strong brine 
by leading a current of hydrochloric, acid gas through 
it,, tlius increasing the concentnition of chlorine ions 
and precipitating small crystals whicli are washed 
in strong hydrochloric acid. 1‘nre salt is of a clean 
white colour, and is slightly deliquescent. It is about 
equally soluble in cold and hot water. Strong brine 
boils at 107‘6° C. Besides its uses in tlie preparation 
of food it is emplnyerl in salt-gla/-ing enrt.lienware 
and in the manufacture of scalium carbonate and 
sodium hydroxide. Sodium Hypochlobitk, N'nClO. 
See IlYPocHLouous Acid. Sodium Chlobate, 
NaClO,: Pass chlorine into hot milk of lime, and so 
form chloride and clilorate of calcinm. To the 
mixture add salt cake (Ka^SO,) and crystallise out. 
It is white and deliqne.scent. Unless mixed wit)> 
potassinm chlorate it is of no use for the preparation 
of oxygen. Its principal nse is as an oxidising agent 
in organic chemistry. Sodium l''r.uoiiiUE (>\aF): 
Fuse dry .sodium carbonate with fluorspar-- 
NajC'0,+ C'aFj='2KaK + CaO v(’()„. 

The product is white and soluble. A solution of it 
is used in softening water for btiilcrs. Sodiujw 
Sulphite (Naj,SO,) et/id Bisulphite (XaHSO,) can 
be obtained as follows: (1) Saturate a known 
quantity of sodium liydroxide or carbouatc witli 
sulphur dioxide gas (this gives the bisulpiiite), 

XaOn + XallSO,. 

(2) Add the same quantity of alkali to the saturated 
solution (this gives the normal sulphite), 

NaH SO, + NaOH =NajS0, +11,0. 

The bisulphite is the more useful as it contains a 
higher percentage of the valuable ingredient (SO^). 
It i.s used as a reducing agent, and is employed in 
photography, bleaching, and as a disinfectant. It 
forms crystalline derivative.s of fixtsl melting point, 
witli ald^yde.s and many ketone.s. Hodium AIeta- 
BISULPIIITE, Na,S,Oj: Made iiy passing SO, ovei 
powdered washing so<ta, Na,('0,1011,0. It is vv'hitc, 
crystalline, and soluble, and smells of suiphiir 
dioxide. IJ.sed for the .same purposes as the acift 
sulphite. SoDli'M Sulphate, Na,H0,: This sub¬ 
stance is obtained most cheaply from the Slassfurl 
deposits. Tt can also be obtained by c.ry.stallising 
salt cake from the I.aiblanc prooe.ss (alkali manu- 
factiire). It is used in glassmaking and in pre- 
'pitring oilier sodium salts. Its solution in water is 
a mild ajierient (OJauber’s Balts). BoDiUM Thio- 
WLPHATE (hyprwiilphite), Na,H,0,; J'rcpare by 
adding stKlium aiilpnatc to calcium thiosulphate 
(ohtanied from alkali waste, calcium sulphide, by 
atmospheric oxidation), 

Na,BO,-tCa8,0,=Na;8,O,+OaBO,. 


(2) On heating with carbon it yields sodium cyanide 
(used in extracting gold), NaNH., + ('**NaCNH-H,. 
Sodium Nitrite, NaNO,; Take one part of Chili 
saltpetre to three of granulated lead. Fuse the salt¬ 
petre and add the lead in small quantities. The 
final provlnct is extracted with pure water— 

NaNO,+ I*b=NaNO.,+ TbO. 

A little caustic soda is also formed, and this tenda 
to dissolve I’bO; if this be exactly neutralised with 
nitric acid, the PbO will be precipitated. A new 
process consists in rednrurig sodium nitrate by carbon 
monoxide in the presence of quicklime— 

NaNO, + (’aO -L CO = NaNO, + CaCO,. 

It forms colourless deliquescent prisms, .stable on 
iieatiug. IL is used in the pre;:)arat{on of dye stuffs 
fur the diazotisation of amines. If II be an virgaiiic 
radicle, 

liNIU + NaN(),+ 21I(’l = K-N =N -Cl + Nat !1 + 2H.,0 
Sodium Niteate, NaNO, (also called Chili saltpetre 
and cubic nitre) : Obtained from beds just beluw the 
surface soil in Pern and tfliili. Can b-; lecrv stallised 
if required i)iire. It is sligljtly deliquescent, which 
unfits it for many jmrposes (such ius gunjKJwder 
making) to which pota.s.«lnm nitrate is applied. It 
is principally employed for manure and for preparing 
potassium nitrate and nitric acid, and on strongly 
heating it yields the nitrite with oxvgcii. Sodium 
ORTHO rHOSPHATES (wr Phosphojuc Acid) : (1) 
Tri sodium phosphate, Na,PO,. Obtain by adding 
caustic smlu in siiita'ole quantity to a solution of 
common sodium phns]>hate and evaporating for 
crystals, Na.dlP0, + NaOH = Na,PO, + H,0. It is 
strongly alkaline to litmus, and absorbs carbon 
dioxide, which decomposes it. Tt is quite* stable 
on tieating, either alone or with carbon. It gives 
quantitatively a yellow precipitate with Bilver 
Nitrate. (2) Hi sodium phospliate (commonest 
form), Na,IIP04l2H,0. Ad«l sodium carbonate to 
phosphoric acid till no further effervescence. Filter* 
and <*rystailisc; largo csj'stals, the solution of which 
gives a slightly alkaline reaction to litmus. On 
heating alone it yields the pyrophosphate (^'-v.) 
When mldoii to silver nitrate the silvev fs all 
precipitated, imt the phospliate is not, and the. 
iiqniii Ix'comes aci<l (,o litmus. 

3AgN0, + 2Nii,in'0, = AgjPO^ + SNaNO, + SaH,J>0,, 
(3) Mono sodium phosphate (NaH^PO,). Koyrned by 
jiassing a rapid current of carbon dioxide hito a 
solution of cotiimou sodium phosphate. Large clear 
crystals with acid reaction. The solution does not 
completely precipitate silver nitrate. KodiuM, Am¬ 
monium Hydbookn Phosphate, NaNH,ilP0, ’ 
(Microcosmic salt), is a white solid crystalliain^ in 
1 monoelioic prisms, which contain 4 inoleonles - of *- 
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water; very suluble in water; decomposes on standing 
in air, forming sodium diliydrogen phosphate; when 
strongly heated it gives sodium metaphosphate— 
NaNH^HPO^ = Nal‘0, + HjO + NH,. 

On this account it is largely used in blowpipe analysis, 
as the soilium metaphospliate so produced has the 
l»roperty of dissolving many metallic oxides when 
melted, and on cooling characteristically coloured 
bearls are obtained. Microcosmic salt occurs in 
guano: it can be made by mixing solutions of the 
common sodium and ammonium phosphates and 
allowing to crystidlise, or by adding the requisite 
amount of ammonium chloride to a hot strong solu¬ 
tion of common sodium phosphate, when common 
salt crystallises out and is removed, and the micro- 
cosmic salt crystallises out on cooling— 

Na,HPO, + Nn,Cl = Na. Nil,, Ul'O, + NaOl. 

Bodiuh Pvhophospuatb, Nn,p„0,: Obtoined by 
heating common sodium phosphate, dissolving in 
water and crystallising— 

2Na^HPO, = Na,l •.,(), + 11,0. 

Colourless crystals, alkaline reaction. Yields ortho- 
pho-spliate by boiling with dilute acids. Sodium 
Mbtaphosphatb, NaPO,: Easily obtained by 
fusing microcosmic salt and quicklv cooling the clear 
bead, NaNH,HPO, = NaPO, + NH, + H^O. A de¬ 
liquescent solid whose molecular formula is said to 
be (Nal’O,),. Coagulates albumen and gives a white 
precipitate with silver nitrate. Hodium «)btho- 
nuBATB, Na,HO,; Fuse •B.,0, with caustic soda. 
Unstable product, B,0, + 6NaOH = 2 Na,B 03 + 3H.,0. 
SoDU?M Bibobatb or Pyroborate, Na,B,0,: This’ is 
common borax, and can be rc<'rysta.lased fiom the 
native iiiincnd. When heated it iiiluinesces, ami 
afterwards melts down into a clear ghxssy bead. 
Two different it> stalliiie forms am known : (1) Octa¬ 
hedral, containing 5H,0, crv.stallising above fi6“C. 
(2) I’rismatie, containing 1011,,(), formed below i>6°C. 
Borax is used in cleaning because, (a) with water it 
yields by hydrolysis a certain number of hydroxyl 
imis, the detergent propt'rtie.s of which are well 
known, (b) On finding it dissolves many metallic 
oxides, which act as films npun metallic surfaces. 
See aho Boron Compounds. Sodium Siltoates 
(»ee SliJCON Compounds) : An indefinite mixture 
called Water Odass is pi-epared by fusing finely 
divided flints with caustic soda under pressure to 
200“C., and extracting with lioiling water; also by 
fusing sodium carbonate and .san<l with a little 
charcoal till all carbon <lioxide is expelled, and ex¬ 
tracting with hot water. Colourless or yellow mass, 
semi-transparent. Deoomposed when in solution by 
any acid, even carbonic. Used in fresco painting, foi 
hardening the surface of stone, and for fireproofin;; 
wood. It is frciiuently added to the cheaper kinds o1 
soap. Sodium Tunostatb, Na,W0,2H,0 : Fuse the 
mineral wolfram with sodium carlmnate ; extract 
with water and crystallise. It is used as a mordant 
in calico printing. Sodium St annate, Na,SnO,: 
t'use powdered tinstone with caustic soda, dissolve the 
resulting mass in w'ater, and crystallise— 

2NaOU + SnO, * Na^nO, x n,0. 

It is chiefly used as a mordant for Eosine and othcr 
dyes. It undergoes change on exposure to air, being 
decora posed by carbon d ioxide. SODIUM Cab ronaxe 
(washing soda), Na,00,10n,0: Prepared by the 
I^jeblanc method or Solvay method. See Alkali. 
It is white and crystalline, very soluble in water, 
making an alkaline solution. The crystals undeigo 
aqueous fusion at 50" C., then dry up and fuse at 


85(P C. (igneous fusion). BoDiUM BICABBONATB, 
NaHOO,: Prepared by the Bolvay process. See AL¬ 
KALI. It forms small prismatic crystals, and is less 
soluble than the normal carbonate. The oiyatala are 
decomposed by heat— 

2NaHC0, « Na,CO, + CO, + H,b. 
i The solution is faintly alkaline, and on heating gives 
I off tlOy When a little of this substance is mixed 
j with flour and water and heated, the weak vegetable 
' acids in the flour cause a gentle evolution of COj; 

thus the substance acts as baking powder. Sodium 
! Shsquicabbonate, Na,H(CO,), + 2H,0, is found 
' nati\c as Trona, and has been known from early 
times. Sodium Formate, NaHCO^ or HCOONa: 

\ Neutralise some caustic soda with formic acid solu¬ 
tion. Forms a white deliquescent substance, giving 
sodium oxalate on heating— 

2HCOONa = Na,C,0^ + 

It is a reduc.ing agent, e.g. reduces silver nitrate. 
Sodium Acetate, NaCl,n,0„ or CH,OOONa: Treat 
pyroligneous acid, obtained from the distillation of 
wood, witli canstic soda till neutral; evaporate, and 
heat the residual sodium acetate till it fuses; then 
recrystallisc. It forms transparent and easily soluble 
prisms. Its principal use is, in analysis, to remove 
strong acidity from a solution. Suppose a solution 
contains free HCl (ionised), the addition of sodium 
■ acetate replaces this by free acetic acid (almost non- 
iouised), 

H I cl + Na i CU3COO =Na ] Cl + HCH,COO. 
Sodium Phenate, NaC^lIsO, or NaOCJblj ; I'orraed 
by difisolving phenol (carbolicacid) in sodium hydrate. 
It is wldte, becoming brown on exposure, and is one 
constituent of “ carbolic soaps,” being antiseptic and 
' detergent.. (For other sodium salts nee vnder the 
particular acid.) H. W. H. 

Bod Oils. The oils expressed from skins which 
; in the process of currying have bee*n treated with 
'• cod, whale, or olive oils. The Fi'cnch product 
(Moellon) is obtained from skins used solely for this 
purjKJse. When refined, genuine sofi oils are valuable 
for lubricating watches and similar delicate me- 
clianLsm. There arc many artificial or substitution 
mixtures that pass under the name. See aho DeubAS 
and Raising. 

Soffit (IMld.) (1) The under surface of an arch. 
(2) The uncierside of a flight of stone stejw. (3) The 
head lining of an oijcning. (4) The under horizontal 
face of an architrave lietwccn columns. 

Soft {Silk Manafae.') Silk from which the natural 
gum him been removed by a process called “ boUing 
off,’’ in which it loses aV>o\it 25 per cent, of its weight, 
and becomes bright and lustrous. Cf . Souplb. 

Soft Brass {Eng,, etc.') Brass which has been 
aimealed. See ANNEALING. 

Softener, A large brush used in shading 
mechanical drawing.s. > 

-( Pahd.) A large soft brush used for disixising 

i colour evenly, or for blending colours freshly laid on 
the canvas. 

Soft Oroand Etching. See Enqbavino and 
Etching, 

Soft Iron {Eng.) The term applied in a general 
1 sense not only to wrought iron, but also to cast iron, 
which can be dealt with fairly easily in the lathe or 
I by other machine tools. 

I Soft Paste {Pot.) A term applied to porcelain, 
I the body of which is of a composite character. In 
' its manufacture the greatest heat is given in the 
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‘•bisque” 'ftbivh is thereby reudered trans- | 

lucent and non-pornus. The glaze is fired at a lower I 
ienipersture, and is therefore a “ soft" -glaze, lying [ 
upon the surface of the body. See Habd Paste, ; 
Gi,ost Oven, and Pottery and Porcelain. | 

Soft Soap. A transparent, jelly>like substance | 
made from oil and potash. The oils vary consider- i 
ably, whale and seal oils, linseed oil, and tallow ; 
being sometimes employed, while fish oil is not ' 
infrequently used; hence the disagreeable smell , 
which cliaracterise.s some makes nf soft soap. Soft 
soap is used laigely in linen bleaching works, as a 
basis for insecticides, for grea.sing the ways of docks, , 
and for ilomestic purposes. St'c Boap, 

Soft Solder. Solder composed of lead and tin, 
which has a low melting point and is easily worked 
with a soldering iron. 

Soft Water. Water free from the salts of calcium, 
etc. See CALOiiTM Compounds, Clark’s Process, 
and Water. 

Soft Woods (^Carp.') This term, as applietl by ' 
carpenters and joiners, usu.'illy includes the coni¬ 
ferous woods—firs, pines, etc.; but the term is not 
u.sed in an exact sense. 

Soh Tlic fifth ilegreo of the, scale in 

*■ movable tloh ” system. 

Soil, Formation of (Oeol.) Soil is usually a 
mixture, in variable proportions, of clay and sand, 
often with rock fragments, and witli more or less 
organic matter, ohietty of vegetable origin. Soils arc 
primarily due to the decomtxisition of rocks in 
general, and have been brought into their present , 
position by the separate or coui'oiued action of a 1 
large number of natural causes. Amongst these 
cau.^ies tlic influence of gravitation plays the most 
important part. Tlie transporting agents include; 
(a) Water in motion, which gives rise (1) to “niin 
wash ” on a hill slope, (2) to lacustrine deposits, 
(3) to flood loam on the plains, and to other initial 
form.s of soils, (i) The action of the wind in trans¬ 
porting dust from one locality to another, where it 
may be arrested by encountering a d.-imj) surfiice, 
as may be seen on a small scale in the patches of 
moss on a wall, or of house-leek on a cottage roof, or 
it may be temporarily fixed by filtration through 
vegetation, which checks the velocity of the air 
current, and tlins lessen-s its transporting power, 
(c) The continual action of worms in bringing up the 
finer materials from the lower layer of the sulisoil 
and leaving them at the surfa(;e. (d) llain, whicli 
intercepts large quantities of dust from the lower 
part of ithe atmosphere, and deposits tlicsc on the 
surface. In the neighbourhood of large towus great 
quantities of soot are washed out of the air by the ' 
agency of rain, and thence into the soil. Dead 
vegetable matter forms no inconsiderable portion . 
of many soils. On upland hill slopes facing north¬ 
ward, or otherwise long ont of tt)c sunsliine, this 
vegetable matter tends to change into peat, which ' 
is an important constituent of many soils in 
mountain districts. 

Boil Pipe (Plumb.) The pif)e connecting a closet ; 
trap with the sewer. 

Boils (Hygiene). In cold and temperate climates, [ 
siinds and gravels, if fairly deep and witltout a i 
substratum of clay, are the warmest and the driest. 
The next best soils are rocks, such as granites, lime¬ 
stones, and sandstones. Clay soils are cold, and, , 
owing to their impermeability, damp. Pure chalk is i 
permeable; but if mixed with or underlaid by clay, ! 


it becomes impermeable and damp. Shallow beds 
of gravel or sand lying on olay are bad, as they are 
liable to Income waterlogged. See Sanitation. 

Bol (Musie). The sol-fa name for G. 

Bolaao (Meteorol.) A south-east wind, extremely 
hot and loaded with fine dust. Peculiar to Bpain. 
Tlie Spanish proverb “ Ask no favour during the 
Solano” expres-scs its effect on man. 

Solar Attachment (Surveying). An addition to 
the theo<lolite which enables the true meridian to be 
determined. 

Solar Constant (Antron.) The number of heat 
units wliich a square unit of the earth’s surface, 
unprotected by any atmosphere, and exposed per- 
jicndicularly to the sun’s rays, would receive in unit 
time. See llADJATTON. 

Solar Heat (Aetron.) See Solar Constant. 

Solar Radiation (Pbye., Meteorol., eto.) Tiie 
transmission of radiant energy from the son to the 
surrounding space, and in jmrticular to the surface 
of the earth. 

Solar Spectrum (Phye.) See Spectrum. 

Solar System ( Aeteim.) The .system in which arc 
included the sun, all the jdancts witii their satellites, 
and minor planets. 

Solar nme, Apparent (Aetron.) See Mean 
S oiiAK Day. 

Solder. .A fu.-!ible alloy n.^^;d to form a joint in 
'-ertaiu metal.s. See Soft Soldeh, Hard Solder, 
and SOLDERING. 

Solder Dot A small drop of soft solder 

u-sed to cover the hcsuls of screws employed in fixing 
sheet lead. 

Soldering. Uniting metallic surfaces or forming 
joints hy means of a fusible alloy (xee Soi.der). Tiie 
eHicien'-y of snldcriiig depends on the intimate 
union of tlie surface of the metal operated iipf>n 
with the alloy used as a solder. To effect tliis the 
surfaces are carefully cleaned, and in most cases a flux 
is used during the operation, e.g. resin or a solution 
of zinc chloride in soft soldering, or borax in Lard 
soldering. The flux a-ssists in removing oxide, etc 
from the metal while in the heated state. A suitable 
({uantity of srdder is applied to tlie joint, and fused 
by the application of a heated soldering iron or ttic 
blowpipe Dame. As the joint becomes hot, the solder 
melts, and runs, under the action of surface tension, 
.iloiig the portions which have been prepared and 
heated to the proper temperature. Soft solder is 
easily caused to follow tlie track of the soldoring iron 
as it is flrawn along the joint; but hard solder, 
which always requires the heat of a blowpipe, is more 
<lifficnlt to manipulate, and the surfaces to be 
soldered require very careful preparation. Solder 
must of course have a melting point which is lower 
than that of the metals to lie united. See aho 
Soldering Iron, Hard Solder, a-nd Soft Solder. 

Soldering Iron or Bit. A tool consisting of a 
short thick rod of copper, mounted on an iron stem, 
with a wooden handle. The end of the copiair portion, 
or Bit, is either pointed or chisel shaped. In use 
the bit is heated, rapidly cleaned, and Tinned or 
coated at the end with s >lder, when it is ready to be 
applied to the joint. See Soldering. 

Soldering Tongs. Tongs with a fiat nose, used for 
f)razing the joints of baud saws. 

Bole. A highly esteemed food fish, Solea vulgarie, 
common to Europe. 
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Bole or Sole Plate {Eng.) A ba«e or bod plate. 

Boleil {Temtile Mawtfae.) See Ottoman Rib. 

Solennemente {Mime). Bolemnly, 

Bolaaoid {Eleot.) A coil of wire wound into the 
form of a helix ; a tubular coil. 

Solenoidal Filameat {Magnetitm). A linear 
magnet, iu'. ooe whose breadth and thickness are 
negligible. It may be either straight or curved. 

Sole Piece ( Carp, and Join,.) See Foot Block. 

Bol'fa {Music). Bohfa-ing is singing notes to 
.■5yllable.s instead of words. The syllables are : 

(Do) t't, Re, Mi, Fa, Sol, La, Si. 

C, D, E, F, G, A, B. 

The first six syllables are snppo.Hed to have been 
invented by Guido d'Arezzo at the beginning of the 
eleventh century, “ as an aid to pupils in learning to 
read music," and were taken from the first syllable in 
each division of a festival hymn to St. John the 
Baptist, the music to which (composed about 770), it 
will bo observed, begiiis on the six ascending notes 
of the .scale, C to A: 



■J’ho seventh .syllable Si apiiears to have l>een added 
at the beginning of the seventeenth century, and to 
have been suggested from the initial letter of the 
two words in the last line, S, 1. About the same 
time Do was substituted for Ut in Italy .and England, 
AS being more euphonious, and has been almost 
universally accepted. Iho oldest form of Solmisa- 
tion, i.e. the art of using syllables to illustrate the 
scales, was employing Ut or Do for the Tonic, and 
we now speak of tliis as the Movable Do. This 
mode of using the syllables has the advantage of 
fixing in the student's mind the relationship of the 
several notes of the scale, as Tonic, Dominant, 
liCading note, etc., irrcsjiective of absoluto pitch, 
and of com})cl]ing him to determine the different 
modulations of key in a piece; whereas the Fixed 
Do depends on absolute pitch, or rather on the study 
of intervals. See also Tonic 8ol-fa. 

Solfatara (^eef.) A volcanic vent amongst the 
recently extinct volcanoes west of Naples, whence 
sulphurous and otlier fumes come forth into the air, 
and where the products arising from the condensation 
of these fumes collect in the solid fonn on the cooler 
rocks around the vent. These sublimed )>rodttcts 


I 

I 

I 

I 
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include a large number of substances of use in the 
arts, of which, as the name Solfatara suggests, sulpbur 
is one. Similar vents from which arise emissions of 
various substances, volatile at a low temperature, axe 
of common occurrence elsewhere in the neighbourhood 
of dormant and recently extinct volcanoes, to most of 
which the name solfatara is now usually applied. 
Hence volcanoes which have quieted down to the oon* 
dition in which gaseous emissions have taken the place 
of the normal eruptions are said to have passed to the 
solfataric stage. The acid fumes give rise to some 
important modifications of the volcanic materials 
around the vent. 

BolfegKio {Music). An exercise for the singpng 
of music to the sol-fa syllables. Amongst the best 
known of the more easy *• solfeggi ” may be men¬ 
tioned Concoue’s exercises. Solfeggi must not be 
confused with exercises in vocalisation; the latter 
consist of singing to one vowel, and not to different 
syllables. See Sol-fa. 

Soli {Musi)'), One to each part. 

Solid. That form of matter in which the mole¬ 
cules lie close togeth<;r with little freedom of move¬ 
ment, and in which they cannot be separated except 
by the application of a definite amount of forco. 
Maxwell defines a solid as a body which can sustain 
a longitudinal pressure without being supported by a 
lateral pressure. 

Solid Angle. Three or more surfaces which inter¬ 
sect at a point are said to form, or to include, a 
Solid Angle, e.g. there is such an angle at the top of 
a pyramid or at each corner of a cube. The solid 
angle subtended at a point by any given area is that 
formed by drawing lines from the given point to 
every point in the boundary of the area. The magni¬ 
tude* of the solid angle so formed is the area out off 
on a sphere ot unit radius by the irregular cone 
formed by the lines. 

Solid Drawn Tube {Eng.) Metal tubing which 
has becMi formed by forcing or drawing the metal in 
a liuid or phasth; condition over a mandrel or series 
(;f niaiiftreJ.'i; a tube is thus formed which has no 
joint or seam. Lead, copper, brass, iron, etc., can 
be thus treated. 

Solid Frame {Carp, and Join.) A thick frame, 
with the rabbet and moulding worked on the solid 
.stuff. 

Solidifleation. The process of becoming solid; 
freezing, crystallisation, etc. 

Solid Matter {Tt/pog.) Type set without space or 
leads between the lines. 

Solid Rolled Oirder {Eng.) A gmler rolled in one 
piece instead of l>eing built up. Gibdnb. 

Solleret (Arm.) See Abmocb. 

Solmisation {Music). See Sol-fa. 

Solo (.ifusic). Alone; a composition for one voice 
or in.strument. 

Soloist {Music). One who performs alone, either 
with or without musical accompaniment. 

Solo Organ {Mmic). The manual of an organ 
having stops of a solo character, and imitating as 
nearly as possible the different orchestral tunes, 
such as flutes, clarionet, orohescral oboe, trumpet, 
tuba, etc. 

Solstices {Astron.) The times when the sun ia at 
its greatest distances from the equator. The dates 
are June 21 and December 22; the day is longest 
at the first or summer solstice, shortest at the second 
or winter solstice, in the northern hemisphere. 
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Bolable Blue. See Dybs anb 

Soluble CastOF OU. Generally applied to castor 
oil that liaa been hydrolysed witli sulphuric acid to 
make Turkey red oil. It is also applied to castor oil 
which has been “ blown ” in its preparation as a 
lubricant, after w’hich it becomes miscible with 
petroleum hydrocarbons. 

Soluble OlaM* A silicate of sodium prepared by 
fusing sodium carbonate and silica. It has a glassy 
appearance; hence the name Soluble Glass, or 
Wateb Glass. It is used as a preservative for 
certain limestones, as it combines with the calcium 
to form an insoluble silicaUi, It is also used as a 
mordant in calico printing, for jrireserving ep^.s, 
fUling soap, and other purposes. 

Solute. A dissolved substance. 

Solutions (_Chem.) “ Homogeneous mixtures which 
cannot be separated into their constituent parts by 
mechanical means, the proportion between the i)art.s 
being continuously variable between certain limits, 
with a corresponding continuous variation in 
properties" Tlie componcnt.s of any 

given solution may be e]enient.s or compounds, oi- 
both, and there is no restriction as to pby.sical state. 
For example, sea water i.s a solution of many solids 
and several gases in the liquid water ; many alloys 
are examples of solid solutions, .so also are mixed 
crystals. A few cases of solution arc briefly con¬ 
sidered in what follows. GASts in Wateb: All 
gases dissolve in water, but in ver)’ unequal amounts. 
Thus one volume of water at (f dissolv es 1,270 volumes 
of ammonia, but only ‘0226 volume of hydrogen 
When a gas is very soluble in water, chemical change 
occui's on solution ; ammonia, for example, forms the 
+ — 

ions and OH. Again, hydrogen chloride forms 
H- 

the ions H and Cl. Wheie no action occurs between 
the gas and w-ater, Henry’s haw (r/.r.) liolds ; in the 
ca.so of a mixture of gases, a simple extension of 
this law holds—every <"Onstituent of the mixtuic 
behaves as if the others were absent; this is some¬ 
times called the Law of Partial Pressures. The 
solubility of gases in water diminishes with increase 
of temperature; by solubility of a gas is meant the 
volume of the gas divided by the volume of the water 
in which it is dissolved at any given temperature and 
pressure. The halogen acids are exceptions to this 
statement, for starting with a saturateil solution of 
hydrogen chloride, for instance, at t)* and 760 mm., 
and keeping the pressure constant, the solution 
changes in strength from about 4fi per cent, by 
weight of hydrochloric aoi<l to 20‘24 per t:ent., as 
the temperature rises to J10°. ],iQuiDs in Liquids : 
Home liquids are miscible in all proportions, as 
alcohol and water; others are partially miscible, as 
ether and water. When these two are shaken 
together, enough of each being taken, two layers 
separate on standing, the upper one being a solution 
of about 3 per cent, of water in ether, and the lower 
one a solution of about 10 per cent, of ether in 
water; others are practically non-mi.scible, as water 
and oil, or water and carbon disulphirle. In the first 
case the mixture may boil below the lower boiling 
constituent, above the higher boiling constituent, or 
between these two. When the vapour pressure of the 
mixture attains a maximum value, then, on boiling, a 
mixture first approximating to and finally attaining 
the composition corresponding to this maximum 
vapour pres.sure will distil over, and that constituent 
which was in excess will remain behind. An exampie 


of this kind is a mixture of propyl alcohol and water. 
I When the vapour pressure of the mixture attains a 
: minimum, then, on boiling, that constituent which is 
' present in excess will distil over, and a mixture will 
remain behind corresponding in composition to the 
mixture of minimum vapour pressure. An example 
of this kind is a mixture of water and formic acid. 
When the mixture has no maximum or minimum 
' vapour pressure, then, on boiling, the lower boiling 
mixture will come over first; thus a mixture of water 
and methyl alcohol can be completely separated by 
distillation. In the second case (partially miscible 
I liquids) it is clear that if the solubility of one liquid 
A in another B increases with temperature, while 
the solubility of B in A diminishes with rise of 
; temperature, then there will be a temperature at 
! which the liquids are miscible in all proportions; 
this is the case, for example, with aniline and water, 
which are miscible at 114°, phenol (melts at 42°1, and 
water at 80°. Agmn, the vapour pressure of a solution 
of A in B must ^ equal to the vapour pressure of a 
solution of B in A, when both solutions are saturated 
at the same temperature; hence on distilling together 
the two layers formed by shaking two partially 
miscible licjuids, distillation will proceed at a con¬ 
stant tempesratnre so long as the two layers remain, 
and the distillate will have a constant compoBiti<jn. 
The boiling point may be above the boiling point of 
, the higher boiling constituent, below t^t of the 
i lower boiling constituent, or between the two, 
according to the degree of miscibility, the difference 
between the boiling points, and the effect of the 
vapours on each other. The third case need not be 
considered. An interesting special ca.se illustrating 
these cases i.s the following, ilue to Professor Yeung. 
Alcohol forms mixture.s of minimum boiling {mint 
(i^. maximum va|joor pre.ssure) with water at 
78 •15° and with benzene at 68-26° and is miscible 
with these liquids in all proportions. Benzene is not 
miscible with water, so tliat when the two are heated 
together they boil below the belting point of benzene, 
viz. at 69-2.6°. Wlien a mixture in suitable pro¬ 
portions of all three is distilled, a constant boiling 
fraction of all three might be ex]jtieted to come over 
at a temperature below any of the above; then 
should one (onstituent be removed in this way the 
ternary fraction would be followed by a binary fraction 
boiling below either of its coustitiients. Lastly, 
the binary fraction should be followed by that single 
constituent which was initially in exce.ss. Now, in 
fact, if a mixture of equal weights of benzene and 
strong alcohol (9.3 per cent, by weight alcohol) be 
distilled in an efficient fractional distillation 
apparatus, these results arc very nearly obtained; 
the ternary mixture, alcohol, water, benzene, conies 
over at 64-84°, it is followed by a mixture of benzene 
and alcohol; and finally alcohol containing only 
1'4 {jer cent, of water and a trace of benzene comes 
over. On redistillingsthis last fraction with benzene, 
absolute alcohol can be obtained. Solioh in Wateb : 
The solubility of a solid in water is expressed in three 
different ways: (a) in ordinary solubility determina¬ 
tions, as grams in 100 grams of water ; (ft) in volu¬ 
metric analysis, and sometimes in the theory of 
solutions, as grams in 100 co. or 1000 cc.; (c) com¬ 
monly in the theory of solutions, as gram molecules 
per litre; in all cases the temperature is stated or 
understood to be the ordinary temperature, 16°; the 
pressure need not nsually be stated, as its effect on 
solubility is very small. Bolids differ enormously in 
solubility in water; e,g. barium sulphate, which is for 
practical purposes insoluble, is only soluble to the 
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extent of ‘0U026 grs. in 100 cc. of water at 18°, while 
at the same temperature 100 grams of water dissolve 
203 grams of cane sugar. Ordinarily increase of 
temperature increases the solubility ; thus potassium 
nitrate increases rapidly in solubility with increasing 
temperature, while common salt increases very 
slightly J’OTASSIUM COMPOUNDS), 

and sotlium sulphate, h’a,St)„ diminishes in solubility. 
Solntious of Some Holi<ls can be prepared which 
contain more of the solid at a given temperature 
than the atnonnt of the solvent jtresent in the 
M>lubion could be made to dissolve if solvent and 
solid are sbaken together at this temperature, no 
matter how long the shaking is eontinued; such 
solutions are called su[>ersaturated. Let UK) giams 
of water be boiled with sodium sulphate till it can 
take up no more of the salt; now filter into a per¬ 
fectly clean liask,and plug the neck of the flask with 
cotton wool; even when the solution has cooled to 
15°, !io crystallisation will have occurred. If a 
crystal of .sodium sulphate be dropped in, crystallisa¬ 
tion begins at once, and tlie salt soparatn.s out with 
evolution of heat; wlaui the system has co(jled again 
to ir>° it will (a)nsi.st of soriinm siilpiiate and a. 
saturated solution of sodium snlpliate. These 
sufwrsaturated solutions differ in uu way except 
.■-tability from unsaturated .solutions, and they 
are formed in virtue of what may bt; oalled phiisc 
inertia. When a substance utidergoe.s solution, 
contraction usually occurs; that is, tlie volume of 
the solution is less than the siiiu of the volumes 
oi substance dissolved and of the solvent used to 
dissolve it; alsiSwhen a solution is diluted with mure 
of this solvent, there is tisnally a contraction. If in 
making salt solutions, (dicmically equivalent quauti- 
tie.s of salts are made up to tht* .same volume, oerbiiu 
relations apja-ar between the densities of the solu- 
ti<tns. .^appose normal solutions are, used and two 
bases are fixed mi, say, potassiiun and ammonium, 
tlien whatever acid these bases are combined with, 
there will be a euiistant ilitfen'iice between tli<> 
densities of the normal solutions KA and Nil,A, 
wbeie A stands for tlie acid. A similar statement 
holds for aeids. Therefore, by taking tbe densities 
f)f a comparatively few normal solutions of salts, it 
is pos.sib]e to calculate tbe density of any normal 
solution. K.xample : The densities of normal ammo¬ 
nium and potassium chlorides arc J'0157 and 1'0414 ; 
the difference is O'OSST; tlie density of normal 
aiiimoniuni bromide is ]'052, or 0'0.‘it>3 more than 
tht' chloride. Tliorefore the density of normal pota-s- 
sium bromide is (1-01 .'>7 + 0-0287 + O OSbO) = 1-0807. 
the actual value lieiiigl-OH. The density of normal 
ammonium chloride is taken as the standaid, and 
tlie numbers added to it are Vahnn's moduli for 
potassium and bromine i-espectively. Siibstance.s 
soluble ill water mar lai dividerl into two cla.s.ses : 
(I.) Those that give solutions which conduct a 
emr -nt of electricity ami are tlicrcdiy decomposed .- 
(II.) Those which do not conduct a current of 
electricity. Class J. is found to consist of acids, 
bases, and salts. The reason why members of this 
class conduct and are thereby decomposed is that 
they are resolved on solution into ions wbicli 

under the influence of the current are driven, at > 
spcciis wiiich for a given potential difference and 
temperature ai-o charuoterlstic lor each ion, to the 
olectrodes, and there give up their charges. The fate i 
of the ion when it gives up its charge depends on the . 
nature of the ion; if it is not readily attacked by 1 
th(' solvent, it will be deposited at the electrode as a | 
solid, or will escape there as a gas; if it is attacked ' 


! by the solvent, then chemical action will occur at 
j the electrode. Example: When copper sulphate 
I dissolves in water it decomposes in whole or part, 
I a+ ' 2 — 

; according to the equation CuSo^ ^ Cn -f 8 O 4 . On 
sending tbe current through this solution un¬ 
decomposed molecules take no part a.s carriers of 
the current; but tlie copper ions aixi driven to the 
negative electrode at a .speed characteristic for them, 
ami tliere they lose their charge, and are deposited 
as metallic copper, while the 80^ ions are driven to 
the positive electrode at a speed characteristic for 
these and different from that of the copper ions, and 
at the electrode they are deprived of their charge; 
but the grou)! 80^ is not set free—it attacks tbe 

+ 

electrically neutral water molecule, setting free 2H 
and ajipropriatiug tlie charge on the oxygen which is 

2 - 

libei-ated, and thus reproducing the 80, ion 80,; that 
is, sulphuric acid is formed at tbe anode. A salt or 
acid on solution does not alway.s form simple ions; 
many irregularities in the conductivity for electricity 
of salt solutions are accounted for by the formation 
of complex ions; these complex ions arc generally 
formcrl by tho union of simple ions with undis- 
.sociatecj molecules : for example, in the case of 
cobalt chloride at gi-eat dilation it ionises thus: 

^ 2 + — 

C'OClj^Co + 2C1, but in strong solutions tiie actions 
_ _ 2- 

C1 + CoCl.,=«o01, and 2CU Co01j=CoCl, 
probably occur. As tbe ions arc the carriers of the 
ciirvont, the conductivity (by conductivity may be 
understood molecular conductivity—that is, the 
reciprocal of tlie reslstam*, t-xpressed in ohms, of 
a solution containing one gram molecule of the 
di 8 so]ve(l.snb.stance contained in a rectangular vessel, 
two opposite sides of which form the electrodes aud 
are one centimetre apart, while the other sides are 
nonconductors; the temperature must be constant 
and specified) of a strong solution should increa.se 
on dilution to a maximum corresiioiiding to complete 
ionisation, and tliis corresponds with observation. 
Another dedm-tion to be drawn from the ionic view 
of solutions i.s that the ordinary reagents used in 
qualitative analysis are reagents for ions; when one 
ti'.sts lor a cliloride in a solution by means of a 
solution of silver nitrate, then one is really testing 
forelilorine ions; so that although potassium chloride 
and yiotassium chlorato each contain one atom of 
chlorine in the molecule, only the former will react 
with silver nitrate to form silver chloride, for these 
salts form ions in accordance with the equations 


KCl^K + Cl and KC10,$K + cTo,. 


It is clear that botli sait.s will give the reai-tions for 
pota.ssinm. The law of mas.s action {nee Mass 
Action) ajqjlies to a .solution whicli ixmtains nn- 
(lissociated molecules and ions. Suppose a solution 
of common salt is precipitated by an equivalent 
solution of silver nitrate, then we have the reaction 
+ "• + — + 

Na + Cl -e Ag + NO,=AgCl -i- Na + NO,; 

but thi.-< is not all, for silver chloride is slightly 
soluble ill water, so there will remain some silver 
and some chlorine ions nut precipitated, and a few 
undLsswiiated silver chloride molecules. Now these 
ions will be in equilibrium with undissociated silver 
chloride, and the latter will be kept at constant con- 
centmtion by the precipitate; hence we must have 
(law of mass action) fq = hr, where p and q are the 
concentrations of the silver and chlorine ions, and r 
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that of tbe silver chloride; but kr is constant, and 
tticrefurc pq must be constant; pq is called the 
Bolubiuty Pboduct in ^is case. If in the above 
case we desire to precipitate all the silver, or as 
nearly as possible all of it, then a $lujla. excess of 
sodium chloride must be added so as to increase q : 
for in this case, its is to be constant, then as jf is 
increased, p must be diminished—that is, a little 
more silver will be thrown out of solution. One more 
consequence of the ionisation theory may be given. 
If one and the same coloured ion be united to n 
number of different colourless ions to form salts, 
then these salt solutions at sufficient and equivalent 
dilution should show exactly the same absorption 
spectrum, namely, that of the coloured ion. Ostwald 
examined about 300 salts to test this deduction 
from the ionisation theory, and in every case found 
the theory confirmed; thus thirteen different per¬ 
manganates all gave absolutely the same absorption 
spectrum. To Class II, belong mostly neutral sub¬ 
stances such as sugars, and a very few salts such as 
mercury cyanide. The same idea of a resolution into 
parts of the molecules of acids, bases, and salts in 
solution is forced upon us by the phenomena of 
osmotic pressure iq.r.% and the correlated phenomena 
of lowering of the freesting point and raising of tlie 
boiling point of solutions. Suppose 342 grams of 
cane sugar are dissolved in water and made up to 
22’22 litres, then at 0° this solution will have an 
osmotic pressure of 700 mm. of mercury : 342 is the 
molecular weight of cane sugar, and 22-22 is the 
number of litres occupied by 2 grams of hydrogen 
at 0° and 760 mm., and 2 is the molecular weight of ' 
hydrogen. It thus appears as if in a dilute solution , 
of cane sugar the sugar molecules lK;ha\G likt- 
gaseous molecules. Mercuric cyanide shows the 
same behaviour as canc sugar—that is, a solution 
containing one gram molecular weight of the stilt (252 . 
grams) in 22 22 litres, has at 0° an osmotic jircssure of 
760 mm. When the osmotic pressure of a solution j 
of common salt is determined liy the n.seof vegetable ! 
cells {nee Semi-Pbrmeablb Mbmbiianks), it is foninl ' 
that for a concentration corresponding to that of the , 
sugar—one gram molecule in 22-22 litres—it is double , 
the osmotic pressure of the sugar, tlius indicating ^ 
that each .salt molecule is resolved into two j)articles. ■ 
each behaving like a single molecule. All strongly 
dissociated binary electrolytes behave Uke sodium 
chloride; the particles info which the osmotic pres- , 
sure observations indicate that they break up arc 1 
ions. Substances like calcium chloride, which break j 

2-e - i 

up at great dilution into tiirce ions—C'a01j=('a+ 2C1 ; 
—have an osmotic pressure three times that of a cane i 
sugar solution of like eoncentratum. It will be seen I 
that if osmotic pressures could be readily determined 
experimentally, that we should have a valuable means 
of finding molecular weights, for working at 0“ with 
2-222 litres of water containing a known weight of 
the substance the osmotic pres.sure would be found ; 
it coaid then be calculated by simple j)roport.ion 
what amount of substance would give an osmotic 
pressure of 76 mm., and this would one-tenth of 
the molecular weight. As this cannot he done, 
molecular weights are determined by observations 
of the lowering of the freezing point and raising of 
tbe boiling point of solntions. Tbe connection 
between these and osmotic pressure has been deter¬ 
mined both experimentally and theoretu-.ally. The 
experimental basis of the freezing point method is, 
in the case of aqueous solution: 1 gram molecule 
of a substance dissolved in a litre of water lowers 


the freezing point by 1-85®, if there is no dissociation. 
Boiling point determinations are made where water 
and a few other oommon solvents are not available 
and when a check is desired; ether is a common 
solvent in boiling point determinations, and for 
this solvent we have: 1 molecule of the substance 
dissolved in 99 molecules of ether raises the boiling 
point of the ether by 0-284°. B’or the practical 
method of freezing point determinations, see Fbeez- 
iHa Point. Boud Solutions : Examples of these 
i are mixed crystals, such as are formed by crystal- 
I Using mixed solutions of two isomorphons salts; a 
! number of alloys, such as copper tin and iron carbon; 

I glass of every kind. Tliese are investigated chiefly 
I by means of tbe Phase Buie. For farther informa¬ 
tion on solutions—which is a huge subject—special 
works must be consulted, such as The Theory of 
Solution (Whetharo), Van tHoff's Lectures on Theo¬ 
retical and Physical Chemistry, and Introduction to 
Physical Chemistry (Walker). W. H, H. 

Sonata (Music). A composition of from two to 
four different movements, generally three or four. 
The sonata may be said b) have originated from the 
snite or partita, which were sets of dance tnnes in 
one key, groupe<i together to form one complete 
piece. Ifrom the suites of (.'orelli and kindred 
musicians, composers led gradually to a more 
flxed key-tonality and showed the need of modu 
lating and fixing the new key in the mind, and of 
closing the first section in tliat new key, and also 
of a gienter b.alance between the two keys. Enlarge¬ 
ment of each half of this first section and greater 
modulation followed, and a new subject was intro- 
<iucod with the new key. With Haydn and Mozart 
these characteristics are found firmly c.'itabli.shect, 
and two subjects, i.e. two distinct .sets of tliemes or 
phraht-.s, in related keys, appeal, lii their works tliey 
addwl to the three movements, viz. a quick, a slow, and 
another quit-k one, a fourfh, coii.^isting of the minuet 
and trio. This new movcuier>t was pl.accd afttr tlic 
.slow movement in the symphoni. Heelhoven found 
the sonata in a high slate of jierfection of design, 
and to it iic added a still higher scheme of design 
and expre.ssion. J’he old unequal temperament wa- 
now dying fa.st end giving way to the new s<-ale of 
twelve nearly espial semitones, and with tin's change 
came the eniargi nient of harmonic combinations and 
po.s.sibilitics in the matter of modulation.s. Beethoven 
addetl the fourth movement of the symphony men¬ 
tioned above to the sonata, afterwards altering the 
minuet to a Scherzo, which in form is the most free 
of all the sonata movements. Ho introduced ah^o a 
much greater variety of key tonality, and bequeathed 
the sonata to ns in that, state of perfcctirin whicli 
has serverl as the model down to the present time. 
Sonatas are compo.sitions for one or two instrument* ; 
when for more than two they are callerl I'Blos, 
QUABtuth, etc., and if fur an orchestra they are 
called Kympiionjeh, and the sonata form (q.v.) is 
more extended. The usual movements of the modern 
sonata are: (I) Allegro - (2) Slow; (3) Scherzo, or 
Minuet and Trio; (4) Hondo, or some other quick 
movement; * 

Sonata, da Camera (Music), A chamber sonata ; 
a secular sonata. 

Sonata da Chieaa. A church sonata; a sonata 
for the organ. 

Sonata Form (Music). Tbe name given to the 
plan of design to which the first movement (at times 
other movements) of a sonata is generally written. 
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It is also known as First Movement Form; and as 
Binary Form, from ita being in two parts. This form 
consists of the following : 

Firtl Part: “ ENUNCIATION " or “ EXPOSITION.'’ 

INTBODUOTION (optional). 

Pbinctpau Subject in key of Tonic, 

“ Bridon ” or Episode leading by mofinlation to the 

SucoND Subject in key of Dominant or some other 
related key (should key of Principal Subject be 
minor, the Second Subject is generally in key of 
Relative major or sometimes Dominant minor). 

A Codetta in this new key ends first part with a 
double bar, either with or without repeat sign. The 
codetta is not invariably added. 

Second Part : consisting of (a) Development or 
Free Fanpasia, (i) Recapitulation. 

(a) WoRKlNQ Out or developing of material in 
first part by numerous devices in various keys dif> 
ferent from those used in the Enunciation, eventually 
leading back to 

(5) Recapitulation of First Subject in key of 
Tonic, 

“ Briooe ” or Episode leading away from and 
back again to key of Tonic. 

Second Subject in key of Tonic (when Second 
Subject in Enunciation is in Dominant minor, it is 
in Tonic major here). 

A Coda is generally added to bring the whole to 
a close. 

Sonometer (Sound). An instrument consisting of 
one or more wires or strings mounted on a base or 
sounding box so as to be capable of longitudinal 
vibration. Used for exjMjriments on the pitch of 
notes and its relation to the length, mass, and tension 
of the vibrating strings. 

Sonore, Sonoro (3f?/A?e> Sonorous, resonant. 

Soot. Unburnt tairbon, from smoke ; it also con¬ 
tains various other constituents (c.y. nitrogenous 
compounds) which render i1 valuable as a manure. 

Sopra (Mwsic). Al>ove, befon;, e.ff. come xopra, as 
before. 

Soprano (Mmio), The highest of women's or bo.vs' 
voices. 

Soprano Clef (Mtmc), Tlie C clef on the first 
line. See Stave. 

Sopwith’s Staff (Surveying). A staff nsed in 
levelling; it.s special feature is the clearness of the 
graduation, whi<;h enables it to be read at t-onsider- 
ablc tlistanccs through the telescope of a level. 

Sordini (Music). Mutes; dampt^rs. The mute 
luis already been tlescribed under Mute. It may be 
added that another method of muting brass instru¬ 
ments (as, for example, the horn) is by inserting the 
right hand into the “ bell,” thus three-quarters closing 
it. This, however, raises the sound half a tone, and 
necessitates transposing the music a semitone lower. 
In pianoforte music em sordini, with dampers, 
means that the right pedal is not to be used, and 
senia sordini, without dampers, that the right pedal 
is to be used. See also ITanofoRTK, p. 430, and 
Una Corda. 

Sorting (Textile Manufac.) The operation of 
classifying tlie wool of the fleece according to quality 
and length of staple. 

Sorts (Typog.) A term applieti to the different 
letters in a ease (q.v.) 

Sosteouto (Musky Sustained; giving to each 
note its full value. 

Botto Vooe (Musk). Under the voice; in a 
somewhat hushed manner. 


Bonnd. The study of phenomena which are 
detected by the sense of hearing, or which are of the 
same nature as these; the phenomena termed so^ds 
are produced and transmitted by the vibrations of 
particles of matter. Sounds obey the ordinary iaws 
governing the transmission of radiant energy in 
general; they can be reflected, refracted, etc. 

- (Musk.) A musical sound is due to regular 

: vibration. Its three qualities are: (1) intensity, due 
! to the extent of the vibration; (2) pitch, due to 
the rapidity; (8) timbre, i.e. ite quality, as distin- 
I guished from intensity and pitch, due to tbe form. 

Sounds are represent^ on paper by Notes (q.v.) 

; Tbe length of a sound is shown by the shape of a 
note; the pitch of a sound by tbe position of the 
' note on the staves. 

' Sotmd Board (ilfune). Another name for the belly 
, in stringed instruments. See ViOLIN, p. 427. In 
the organ it is the upper part, or cover, of the wind 
chest. See Organ, p. 439. In the pianoforte it is 
the broad piece of wood under the strings and con¬ 
nected with them by the bridge, over which they are 
stretched. Its purpose is to reinforce tbe tone of 
the strings. 

Bonnder (Elect.) A telegraphic receiver capable 
, of producing two distinct sounds by which the dot 
and dash of the Morse Code may be represented, tbe 
i operator reading the message by ear. The sounds are 
■' produced by the armature of the electro-magnet in 
moving back and forth between its stops. 

Sound Holes (Musk). Tbe two /-shaped openings 
in the belly or Sound Board (q.v.) of stringed in¬ 
struments; they allow the belly to vibrate. 

Bounding Board. See Abattoix. 

Bound Post (Musk). A wooden peg of pine which 
, is placed a little behind tlic foot of the bridge on the 
treble side of stringed instruments. Its function.s are 
to support the belly during the tension of the strings 
on the bridge, .and to tran.smit the vibrations of the 
belly and bridge to tbe back of tbe instrument. 


Bound, Velocity of. 'ilic velocity of sound in any 
medium is given by the general formula 


Velocity = 




EJasticitv 


Density 

In the case of gases the adiabatic value of the 
elasticity must be taken. See Elastioitv of Gases. 
If V be the velocity in cms. per sec., P the pressure of 
the gas in dynes per sq. cm., y tho ratio of the 
specific heats of the gas, and p its density in grams 
per cubic cm., tlien _ 

/ tI’ 

?' =. !_ 

V P 


Boupie (Silk Manufac.) Rilk from which about 
half the natural gum has been dischmged, its weight 
being thus reduced by about 12^ per cent. Tiic dull 
appearance of raw silk i,s retained, but tlie hard feel 
removed. Cf. Soft. 


Boupdine (Music). (1) A stop on Harmoniums 
(see p. 443). (2) A Mute (q.v.) 

Bouring (Leather Manufac.) The treatment of 
! leather with acid, previous to dyeing or finishing, in 
I order to bleach and cleanse the skin from stains. 

Sonring with sulphuric acid has been proved to be 
, very injurious. Latterly weak organic acids have 
I been substituted. 

I - (Tex.Hles, etc.) Generically, the process of 

I exposing textures to tbe action of dilnte acid. In 
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the process of bleaching textile tibres or fabrics the 
goofls are treated with a solution of chloride of limn 
and then with a dilute solution of sulphuric acid, 
which sets free the chlorine, bleaches tlie cloth, and 
also neutralises the olkalia. 

South or South Seeking Pole. That pole of n 
magnet which points towards the South Pole of the 
earth when the magnet is free!}’ sus{x‘nded. 

Southing (Astron.') The transit (q.v.) of a star or 
any other etdestial body to the south of the zenith. 

Sow (Met.) I’he main channel or receptach’ 
through which molten iron flows from a melting 
furnace to the jug moulds. See Fekdkb. 

Space (Mn»ir). The alternate degrees of the stave 
between the lines arc called si)aces. 

Space Box i'i'ypog.) A small flat box or tray, 
divided into about six or eit-bt coiujarlmenls to 
contain the various spaces used in justif\iug lines of 
types. It serves a useful jmrpose in correcting 
matter. 

Space Paea (TcMle Mann fur.) See Extbrino. 

Spaces Type.s. 

Spall {liuild.) A small chip off the edge of a 
stone. 

Span. The width of an arch, ginler. roof, etc., 
between the bearing surfat«;s. ik-e also Arch. 

Spandrel or Spandril (^Architect.) A triangular 
space such as the irreguhir triangular wall sj>ace 
which occurs Ixstwcen the outer mouldings of two 
adjacent arches and the horizontal lino joining their 
highest points. 

Spanish School of Painting. S'e I‘aintjx(;. 
Schools ok. 

Spanner ifihg.) A tool used for turning nuts. 
The nut fits into a short slot, usually formed by two 
jaws, open at one cud. In adjustable spanners the 
width of this slot can be varied to suit different 
sizes of nut. In some fixed sjKiuners a hole the 
shape of the nut is provided, instead of a slot with 
jjarallfcl sides. 

Spar (Min.) A miner’s term for any glittering 
mineral; generally confined to those wtiieh are 
crystallised, but not necessarily to tliose wliich are 
wliite 4>r colourless. 

Spare Parts cte.) Ituplicates of those 

parts of a machine which are liable to injury or 
which quickly wear out are often supplh-d, especially 
in the case of machines wliich are used at some 
distance from a repairing shoj). 

Spar, Iceland (Min.) See Galcite and Icki.ani) 
Spar. 

Spark (Meet.) The visible .nn<l usually audible 
phenomenon actxtmpanying a sudden electric dis¬ 
charge. 

Spark Arrester A jxsrforatcrl cap jilaced 

over the ehimnoy of an engine used for agneultural 
jiurposes or in the neighbourhood of dry timber, etc., ] 
to jirevent pieces of burning fuel from escajung. 

Spark fiap (AVeef.) A space between two ter- ; 
minals across which an electric sjiark jiasses. 

Sparking of Dynamos, etc. (Eleet. Eng.) The 
production of sjiurks at the tijis of the brushes, duo 
to defective design or incorrect adjustment of the i 
brushes. , 


I Spartalite (Afizt.) A synonym for Zincite (q.v.) 

Spathic Iron Ore (Min.) A synonym for Cbalyblte 

I (?•«’•) 

I Spatnla. An instrument shaped like a pa^r 
knite, jiaddle, spoon, or trowel, according to its 
i purpose, and made of bone, metal, or other suitable 
• materiai. Used by chemists, enamellers, sculptors, 
j etc. 

I Spear (Arms). A weapon consisting of the char- 
I acteristically shaped head attached to the end of a 
I wooden shaft. Designed for thrusting and throwing. 
Sjiears were amongst the earliest of weajions, and 
were used notably by the ancient Greeks, €/. 
Javelin atul Lanob. 

- (Mining). A term applied to the vertical 

rods driving the pumps used for draining a mine. 

Species (Biol.) A subdivision of a Gekus, in¬ 
cluding all the members of a grouji of individual 
organisms which have certain characters in common. 
“ The members of a sjieeies are fertile iiUer so, but 
not usually with members of anolher species " (J. A. 
Thomson), Cf. Genus and Ordeb. 

Specific Conductivity (EM.) The reciprocal oi 

the MPECJKIC JlKSlSTANCE (q.V.) 

Specific Gravity (Phgs.) The ratio between the 
deu-rity of a hotly and the density of a substance 
chosen as a standard. Tlu; sjxcilic gravity of solids 
and liquids is given in terms of water. In thi.s case 
the specific gravity is the ratio Itetwecn the mass <if 
any volume of the substance and the mass of an 
equal volume of water. 

Specific Gravity Flask (I'hi/s.) See I’ynkometbr. 

Specific Heat (l‘hys.) 'The ratio beLweeii the 
(juaiitity of heat necessary in order to mise a given 
mass of any substance tlirough a given difference of 
temperature, and the quantity of lieat nect'ssary to 
raise the same mass of water through the identical 
drffeienee ttf temjieriituie, is tlw (average) .sjwciUe 
heat <>f the suhslariee between those tem|)eratures. 
Tlie sj)eeifii- heat may be more siinjJy, though less 
aecQiately, exiires,s<al as the nnmb(‘r of heal unit'' 
lequircd to raise unit mass of a substance through 
one degree. 

Specific Heats of Gases (Phyf ) The amount of 
heat necessary to raise unit mass of a gas through 
one degree dejrends ujion the condilions umler which 
the gas is In'ated. If the gas be not allowed to 
expiiml, the heal required to mise unit mass one 
tlcgn'c is termed ti e Si-EC1FI<’ HeAT at ('onstakt 
Volume; this is nsnallv represented by C,,. If the 
gas be allowed to exjiand while being healed, then 
external work is flone, and the specific heat is 
increased by the amount rd beat which is equivalent 
to the external work performed. If the giis be 
allowiid to exjiand while being heated, at such a rate 
that its pressure: remains constant during the opora- 
tioii, the heat absorbi'd is teamed tlie Bi'KClFlC Heat 
AT Constant I’liEasuiiB; it may l>e deinjted by G,,. 
The ratio of C,, to C,. dejeends on the nature of the 
molecule of the gas. 

Specific Inductive Capacity (Elect.) The mtio 
between the capacity of a condenser, of whicli the 
plates are sei)aratcd by a given medium (e.g. sulphur, 
mica, paraffin wax, etc.) and that of a condenser 
similar in form and dimensions, whose plates are 
sejjarated by air, is termed the Kpeciwo Inductive 
Capacity of the medium, which is generally denoted 
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by K. Tbti value for some common subatances is as 
follows; 

Ebonite.1'92 

I'nratiin wax .... 2'29 

Hulphni-. 3-97 

Mica.6-64 

«las«.6-5 to 7-5. 

The value for gases is very nearly unity, but increases 
as the pressure of the gas is increased. 

Specific Resistance {Kleet.) If r be the resistance 
of a comluctor of length I and cross section a, then 

a 

The quantity a is termed the Specific ItcsiKtance of 
the material of which the conductor is made; it is 
the re.sistance whicli the cojidoctor would have if it.s 
length and its cross section were both unity. The 
approximate value of <s for some common materials 
(taking the centimetre as tiie unit of length) is as 


follows : 

— cj- y 

Hilver 

. . 1’5 microhms 

Copper . 

. 16 

Almniniiim 

, 2-9 

Iron 

. . 9-6 

Leail 

. 19-r. 

Mercury . 

. . 94 


Specific Volume {PhyK.) 'J'lic volutno of unit 
nia.ss of a suVwtance, usually e.xpresscd in cubic 
centimetres per gram. 

Specimen Bar (Eng.) A bar of metal jireparcd 
for testing in the testing machine. 

Specimen Holder (Eng.) A form of clip by wj.ich 
the t)f a specimen arc held in the testing 

raae.hine. 

Specimen Page ( lypoy-) When a now work is 
about to lie put in hand it is ciistomaiy fur the 
printer to prepare and submit a jueof or specimen, 
showing the projxised size of fiage, sl.^le of ty£X‘, 
general arrangement, etc. 

Spectra. See Ni*BcrrRu.vi and Hpkctiu'ai 
Anaj.ysi.s. 

Spectre of the Brocken (Meteoeol.) An optical 
effect. Travellers stamling at sunrise on the summit 
of tlic Hartz luoimtaiiis .see a uiagnified image of 
their shadows thrown upon the ini-sts or clouds by 
the sun at their backs. 

Spectrograph (Astrou.) A form of Speotro.scoiie 
(y.r.)adapted for photographically rccoidiiig spectra. 

Spectroheliograph (Antron.) A form of instru¬ 
ment for photographing the sun in monoohrornatic 
liglit, or in light of any particular wave length. 

Spectroscope (Phys ) An instrument for the 
pvodui'.tion and exnTuiiiatiun of sjicctru. In a typical 
form the light wiiieh it is desired to examine is 
first formed into a parallel beam by the Coluaiator. 
This is a tube, carrying a lens nt or near one end, 
and at the other, uhich is ditected towards the 
source of light, an adjustable Klit. The latti-r lies 
in tile focal plane of the lens, so that liglit diverging 
from tile opening emerges from the lens as a pai^lel 
beam, and then falls upon a I’rism (or train of 
prisms) or upon a Diffraction Grating (q.v.) After 
passage tlirough the prism, the light traverses a 
telescope placed so that the whole l^am is received 
by its object glass; on looking into the telescope, 
the spectrum is seen. The tolescofie can be turned 
about a vertical axis jiassing through the centre of 


the table of the instrument, so that it can be adjusted 
to view the slit directly through the collimator when 
the prism is removed, or can be so placed as to 
observe any particular portion of the spectrum. A 
circular divided scale is attae.hed to the stand, and 
i a vernier is carried by the arm of the telescope, bo 
I that tiie angle of deviation of any given line in the 
spectro.scope can be aocuratedy measured. (If this 
, divided scale is carried nearly, or completely, round 
' the table of the instrument, tlie latter is usually 
termed a HrECTHOAiETBlt, and may be used for 
measurements other than those of a spectrum, e.g. 
for measuring the angles of a prism.) 

A Dirbct Vision sjiectrosoope is one in which 
the axis of the telescope is in the same stmight line 
as the axis of the collimator; in this case the whole 
instrument may be contained in a single tube, with¬ 
out any stand or scale. It is necessary in tliis case 
to produce dispersion without deviation of the mean 
rays or axis of the beam of light; this may be 
accomplished by a suitable combination of prisms 
(e.g. throe of crown glas.s and two of flint glass), or 
by a combination of a diffraction grating and a 
prism. 

The relative positions of the lines of a speetnim 
may be, observed in several ways. (1) The angular 
deviation of each line may be read off on the scale 
and vernier described above, a pair of cross wires in 
tiie eyepiece being brouglit into coincidence with 
each successive line. (2) A linear scale may be 
fitted so as to be viewed through the eyepiece 
simnltaneou.sly with the spectrum under observation 
and the positions of the lines relatively to the 
ilivisions of the scale noted. (.*1) The spectrum may 
he photographed by causing the beam to enter a 
suitable camera instead of olwerving the spectrum 
through tiie telescope. 

Spectrum (Phy*.) If a beam of white light be 
refracted througli a prism and then received on a 
screen, it is seen to be drawn out ( Dispbhskd) into 
a brilliantly coloured band, which is termed a 
Spkctbu.M. The colours merge gradually into each 
otlier, but it is easy to distingui.sii aiiproximately 
seven regions whose colours are respectively Red, 
Grange. Yellow, Green, Blue, Indigo-bluc, Violet. 
The deviation is least in the case of the red rays, 
and gradually increases as the violet is approached. 
Kurtlicr investigation shows that the dispersion or 
-eparatioii of the constituents of the original light 
IS not confined to the regions forming the VlsiBLK 
SpKCTiiUM. There are present invisible rays which 
are less deviated than the red, and which are tinmcd 
the IsFBA-REU Rays, and also others whicii are 
more deviated than the violet, termed the Ultba- 
viOLKT Kavs. The former are most easily observed 
by their thermal effects, detected by a thermopile 
or bolometer; the latter liy the aid of photography. 
The invisible parts .if the spectrum which have thus 
been investigated are of much greater extent than 
the visible ])orlion, extending from ultra-violet light 
of wave length about -(lOOOl cm. to nearly one 
hundred times that length; while the visible spec- 
trnra only includes light of wave length lying between 
•(10004 and -00008 cm. If light of any particular 
wave length be absent from the original beam, a 
dark line appears in the spect*um. The solar spec¬ 
trum contains a number of tliese dark lines, which 
are termed Fbaunhofkb Lines. A spectrum which 
is unbroken by lines is termed a Continuous Spkc- 
TEUM, as distinguished from a Line Spbctbom, in 
whicli they occur. A third type of spectrum is 
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termed a Fluted SpiHTrBUM, in which a banded 
appearance is given by a number of fine lines 
arranged in groups. See also 6 PKCTBVM AnaltbiS. 

Speotpum Analysit ( Chmi.) The light emitted by 
an incandescent gas is characteristic fur that gas : 
but the light must be examined in the spectroscope 
where it can be seen arranged in the order of 
the wave lengths of its component colours, that is, 
its spectrum iq.v.') must be seen. For example, if 
a sodium compound is put on a platinum wire, and 
held in a Bunsen flame, some of the compound is 
volatilised and decomposed, the sodium vapour emits 
a yellow light, and this, when viewed in the spectro¬ 
scope, shows two yellow lines, very close together, of 
wave length 6,S96 and 5,890. (The unit of length is 

1 X 10 mm. = one tcnmillionth of a millimetre, 

which is called the Angstrom unit.) No element 
besides sodium gives this spectrum. The Bunsen 
flame has not the highest temperature that it is 
XKissible to command ; both that of the electric spark 
and of the electric arc are higher. When a sodium 
compound is volatilised in either of these, it gives the 
two yellow lines mentioned above, and many other 
lines as well. Elements (for example platinum) which 
are not gasified in the Bunsen flame, and therefore- 
give no spectrum, give spark and arc spectra. The 
spectrum of a gas is obtained by encUrsing the gas in 
a glass tube, provided with two platinum electrodes, 
exhausting the tube to a suitable degree, an<l sending 
the current from an induction coil through the rarefied 
gsis; the light examined in the speetKJscope gives 
the spectrum <i£ tlie gas. By one or other of these 
metl ods every element can be made to give a 
spectrum, and every element has its own spectrum, 
composed of light of wave lengths peculiar to that 
element. The sjwctra of all the elements have been 
‘•mapped," that is, rise wave lengths of the light- 
they emit have been tabulated, for the Bnn.sen (lajiie. 
the spark obtaine<l from an induction coil with and 
without the use of Leyden jars, and for the arc. 
Should the spectrum of a supposed element he 
examiued, it is possible to pick out some of the ujort- 
prominent wave lenptlis in its spectium, and eomiiare 
them with those of all the known elements, and 
in this way to tell whether a known element is being 
dealt with. Thus, when tlte Curie.- were Lsointing 
radium, they submitted their jreparations to .'in 
expert, spectroscopist (Demari^ay), and “ the results 
of the spectrum analysis brought e.onviction to us 
when wc were still in doubt as to the interpretation 
of the re.sults of onr rcw'areh.” The. first new line 
found by Deman/ay was .*J814-7 (A.u)—a line iust 
in the ultra-violet. (N.B.—The extent, of the s)jec- 
trum visible to the eye is from about in the red 
to 3,900 in the violet.) Many elements have been 
discovered by means of their sirectra, e.tj. Caisium, 
Itubidinm, Thallium, Indium, tiallium, and Helium. 
A compound of an element does not always give the 
spectrum of the clement in the Bunsen flame; the 
compounds of the alkalis give the .spectra of the 
alkaline metal, but compounds of the alkaline earths, 
calcium, strontium, barium, give spectra containing 
few lines of the metal and more of the compound 
employed, or the oxide of the motal. Flame spectra 
are best obtained from halogen salts of the metal: a 
noD-volatilo salt should tre converted into chloride. 
In spark spectra the halogen sails give the metal 
lines. The number of lines in the sjiectra of the 
various elements varies enormously; for instance, 
from a dozen in lithium to about 4,500 in iron. The 


number varies also with the temperature, for while 
i bailium gives one fine in the Bunsen flame, it gives 
about 24 in the arc. Kelationships are gradually 
being discovered between the lines of one and the 
same element, and between lines of chemically related 
elements. For example, a formula of the type 
1 —8 —4 

— = A — Bn — On , when the constants are pro- 
X 

jKjrly chosen from a few lines, will give with more 
or less accuracy a fair proportion of the remaining 
lines. In the case of hydrogen the formula becomes 

Jl = A — 4Am * , where A ■= 27418'75, and m is in 
X 

succession 3, 4, 6, etc., and it gi\es many of the lines 
very accurately. Again, in the case of many elements 
the lines fall into scries, a principal series of shai-p 
lines, a first and second Bulmrdinate series of less 
sharp lines. A mollification of the typical formula 
has to be used for each series. The lines of a related 
scries of elements are often related, e.g. the lines of 
sodium, potassium, rubidium, caesium run in doublets, 
tho.se of magnesium, zinc, cadmium run in triplets. 
In some cases it is possible to calculate approximately 
the atomic, weight of an clement in a related series, 
when the relations of the lines of the various series 
to the lines of the various scries of its related 
elements have been established. When liglit passes 
through a substance, some of it is absorbed; if the 
substance exerts a Belbctivk ABHOBPTlOif for light 
of definite wave lengths, then the light transmitted 
will be charactcri-stic, under proper conditions, for 
that substance, and un examination of the transmitted 
light in the spee.t rose ope will show dark hands in it.- 
spectrum corrc.sponding to the wave length of the 
light absorlx-il by the sub.slance. The bands are 
called Absobptiok Banuk, and tlieirnature, ]>o.-ition, 
and extent for a givi*n thickness of the sub.stanci;, 
serve to identify the substance. The dark lines in 
the solar spectrum are due to absorption. An incan¬ 
descent gas absorbs precisely those lays whioli it 
emits at the same tenijicraturc (Kirchhoff). Thus, 
when a sodium compound is held on ])latinum win- 
in front of the slit of a s|X‘ctroBcope, the two yellow 
sodium lines arc seen. Now if a strong white light 
is brought Ixddn'l the sodium liglit, a continuous 
.spectrum is seen, except for tw'o dark lines, wliich 
cro8.s it exactly where tlie two yellow lines were 
before. The vast number of dark lines which appear 
in the solar s|iectruni (Fraunhofer lines) are due 
chiefly to elements wliich exist in the atiuospiiere 
i-f incandc.scent gas wiiich surrounds the sun and 
w'liicli exercise.* selective absoriition ori the rays of 
every' wave length issuing from the incandescent mass 
of the sun lielow. The Fraunhofer lines are prwluced 
by about tbirty-six elements, which occur on the 
earth. A few of th«‘ liark lines of the solar spectnim 
are due to the absorptive action of the earth's atmo¬ 
sphere. Koine of the lines are duo to oxygen and 
some to water vapour: a group of lines (6,860 to 
6,030) near the sodium lines is due to water vapour, 
and when there is mucii water vapour in tiic air this 
group darkens, and is therefore useil to predict rain, 
and hasreceiv^ the name of the Hain Bakd. Many 
coloured liquids show absorption bands, and many 
liquids which appear to us to lie colourless show 
absorption baud.s m the ultra-violet, and would there¬ 
fore be coloured to an eye sensitive to the ultra-violet. 
Most probably an ant would regard benzene as a 
coloured substance. Among substances which can 
be easily detected by their absorption spectra arc 
blood (Hasmoglobin, oxyhmmoglobin, carboxy- 
btcmoglobin), very many “aniline" dyes, ultra- 
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marine, and some precious stones. See aleo vnier 
Solutions. The absorption spectra of a number 
of tantomeric sabstances have been examined by 
Professor Bartley, and he has been able to throw 
light on the stractnre of some of these. Example, 
isatin may be written— 

• CO CO 

C,H,<^pCO or CoH,<^^C.OH. 

NH N 

I. II. 


gears there is, besides the snn and planet, an exterior 
annulus with internal teeth, revolving concentrically 
with the sun. The planet rolls between the two. 



It has two different methyl derivatives— 

CO CO 

/ ■' 

C,H,, /CO and C*H,\ /C.OCH, 

N. OH, N 

Methyliweudoifiatin. Methyliratia. 

Now the spectra of is<atin and metbylpseiidoisatin 
closely resemble each other, and both have two 
bands; the spectrum of methylisatin has a single, 
strong, absorption band. Hence of the two formula: 
for isatin the one marked I. belongs to isatin—at ail 
events in alcoholic solution, in which state the bands 
were observed. W. H. H. 

BpeoulsF Iron {Min.) A synonym for the crystal¬ 
lised variety of HJEMATJTii (jq.v.), so called beenuse 
the Bomnn ladie.s used the tabular crystals as 
mirrors. 

Speculum. A mirror of polished metal, used by 
ancient races for the onliuary purposes of a mirror. 


Spesp Qeabs. 

From figs, a, 6 , and e the action of the train and the- 
data for calculating speed ratios can be gathered. 
In the figures we have X the ourcr annulus, Y the 
rolling pinion or “ planet,” and Z the fixed pinion or 
“ sun.” To understand how this combination works, 
let us first suppose (fig. b) that the axis of the pinion 
Y is fixed in space, the pinion being, however, 
capable of rotating about this axis. Further, let us 
suppose that the “sun” Z and the annular rack X 
are perfectly free to rotate, and that the number of 
teeth on Z is f, while the number on X is T. Then 
if the pinion Y lias n teeth, a complete clockwise 
revolution of Y about its station^ axis will cause 
i a teetb to engage in succession with the teeth of X; 
i ami the annular rack will therefore advance by n 

I n 

j teeth, or by g, of a complete rotation in a elookwiae 

1 direction (fig. />). At the same time, m teeth of the 
i inner pinion Z must have been engaged in succession. 


Com-ave specula are used in reflecting telescojies. 
See Telbsmjoi'B, 

Speed. Velocity or rate of motion applied cither 
to rectilinear or to rotary motion. 

Speed Gears (Change) for Cycles. The iutlucuces 
adverse to a cyclist’s progreasion fall under two 
Ijcads :—I. Mechanienl; (a.) Vibration, cau.<ed by 
unevenness of the surfai’e over wliicli the cycle 
moves; friction in the bearings of the niacliine. 
II. Phyxivtil; (a) Air pressuic; {b) gravity. The 
first two of tliese have been lessened by tlic adoption 
of pneumatic tjres and ball bearings. Tlie second 
gr<inp cannot be reduced, and the onl 3 ' way to mini- ' 
mise their eifect.s on the rider is to use 8 om<‘ 
mechanical device which shall enable him to avoid , 
excessive exertion by sacrificing some speed. The 
cycle change-speed gears now on (he market cmplo> | 
a “sun and planet” opicyclic train of cogwheels to i 
reduce or increase the speed of the drive relative 
to the normal, or solid, gear. Usually the train is 
included in the hub of the driving w'heel; in a few 
oases in the largo chain sprocket wheel. James 
Watt is considered to be the inventor of the sun and 
planet motion, which he used on liis steam engines 
to impart motion from a connecting rod to a fly¬ 
wheel. The “sun” was attached rigidly to the wheel 
spindle, the “planet" rigidly to the end of the 
connecting rod, and a bridle link, passing round the 
eentral bosses on each cog, kept the two pinions— 
which hml an equal number of teeth—always iu 
mesh. This ingenious contrivance not only trans¬ 
formed the linear movement of tiie piston rod into 
a rotatory movement of the flywheel, but also caused 
the “ sun " and flywheel to turn twice on their centres 
while the “ planet" circled the “ sun ” once, since 
the planet forced the snn to overrun it, as a little 
reflection will render apfw-rent. In epicyclic cycle 


H 

and Z must have rotated througli 7 of a complete 

rotation in an anti-clookwiae direction. In fig. e tlie 
I sun is stationary, and the axis of Y is free to move, 

■ Ij&ti us now suppose that tlie whole arrangement is 
; rotated as a single body about the centre of Z through 

i ' of a complete clockwise rotation; this will bring 

the central pinion Z to its original position. The 
axis of Y will have revolved about the centre of Z 

tbrougli of a complete clockwi.se revolution, and 

the rack X will have rotated about the centre of 
Z tlirougii the sun of the angular displacements 

imparted to it, he. llirough » complete 

clockwise motion. Thus: 

■>i n 

Angular disp laeement of X _ f_T f + T 

Angular ilisplacement of Y a =■ p 

From this it is clear that if the central pinion Z is 
maintainod stationary while the annular rack is 
rotateil at any given speed, tlie pinion Y b<.'ing free 
to roll as the conditions require, then while l rolls 
once completely round Z, the annular rack X will 

make rotations. Thus we have: 

Speed of rotation of^ f- + T 
Speed of rot^iou of Y~ T 
If the motion of Y is opposed by a given force, and 
a motive force acts on X, then: 

Force acting on X T_ 

Force opposing motion of Yt + T 
To take an example : if X has fifty teeth and Z. 
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tweutj-tive teeth, one n-volulion of the axis of V 

about llio centre of Z implies = IJ rotations 

5U 

of X, and, conversely, one rotation of X ——= S 

50 + 25 

i-cvolution of Y. If a ^ven motive force be applietl 
to X, this will be capable of overcoming a force 
50 per cent, greater opposing the motion of Y. 
and the speed of i' will be less than that of X by 
33^ per cent. If the force be ai)plied to Y’s centre, 
there will bo a speed gain of 60 per cent., and a 
diminution of force of 33^ per cent, with regard to 

X. Should X and Z be mechanically connected so as 
to form a rigid whole, Y obviously can no longer roll 
round Z. In general, if any two of the elements X, 

Y, and Z are rigidly connected, the combination can 
move only as a solid body. With a three-element 
epicyclic gear three gears are possible. The gear 
may : (1) turn as a whole : (2) it may be geared up 
by transmitting tlie rider’s (liiving power through 
the small sprocket wheel to Y, from V to X, and from 
X to the spokes of the driving wheel; (3) it may be 
geared down by transmitting the power to X, and ' 
through Y to the sjM)kes. These three combinations 
give the normal, high, an(i low sjiecds resi)ectively, 
as found in the “ Stiirmey-Archer ” gear. In the ' 
“ Fagan,” “ Hub,” and other well-known gears only 
two combinations are u.sed, the higher gear being 
the solid, since it is more generally used. Want ot 
space forbids a detailed description of the methods • 
by which the element Z is rendered fixed or movable, 1 
and two elements are locked together. It must 
Buthce to glance at the “ Fagan ” gear, which has a 
sprocket working the driving annulus by a Hydi- 
freewheel attachment. The annulus has sixty-four 
internal teeth, which gear wiili four planet pinions 
rotating on pins forming iiart of tlie hub sliell. The 
central pinion has twenty teeth. When pulled in 
one direction along the spindle it is able to revnhe 
freely; but if pressed by a spring in tlie othei 
direction, engages with the internal teeth of a collar 
solid with the spindle. In this last jimiion tin 
central pinion is fixed, and the low gear is obtained. 
To throw in the high or solid geai-, tlie rider, by 
means of a wire cable, pulls the cfintral pinion frci- 
of the toothed collar, and brinus it into engagement 
with teeth on the interior of a cential opening in a 
plate cast solid with the annulus, causing aiinulu.' 
and “sun” to rotate together. With regard to the 
number of teeth on X, Y, and Z, the empirical rule 
has been established that the tei tli on X must be 
equal to (teeth on Y’ x 2) + teeth on Z, whatever 
be tlie ratio of the gearing. If X remains constant 
in size, the difference of velocity of rotation of X ami 

Y about the axis of Z will increase with the decrease 
in the diameter of Y and the increase in the dianietm- 
of Z. As X must be kept conveniently small, and Z 
yet be sufficiently large to slhlc on tlie back wheel 
sjiiiidlc, the size of Y lelativc to that of Z is confined 
within somcwliat narrow bounds; and in most 
popular two-s})eed gears a droji of 20 to 25 per cent, 
from the solid to the low gear is u.sual. As cycle 
■change-speed gears give onlv a limitefl number of 
ratios, t.iicy are compromises which naturally incur 
criticism. The best proof of the utility of tliis class 
of mechanism is lound in their increasing ado)ition 
by the cycling public. A. W. 

Speed Indicator. An instrument for indicating 
or recording rate of motion, whether motion of 
translation or of rotation. 

Speed of Ignition. The rate at which the ex¬ 


plosion or burning of the mixture of infiammablo 
gases occurs in the cylinder of a gas or oil engine. 

Speed of Reactions iChem,') Let there be two 
substances, A and B, which react to form two new 
substances. A' and U', and let the substances A' and 
i B* be capable of reacting so as to reproduce A and B; 
: further, let A and B react molecule for molecule with 
I eacli other, aud A' and B' react in the same w’ay: 
I then if the system is homogeneous, and p,q,p',q^axc 
I the concentrations of A, B, A', B‘ respectively, we 
j have, by the law of mass action (**/■ Mash Action), 
for e«]uilibrium, kpq — k'p'q'. This implies that the 
two reai tioiis, tlie direct and the reverse, arc pro¬ 
ceeding at the same speed. At a particular moment 
; before equilibrium is reached, the speed will be 
i given by the difference between the speeds of the 
, direct reaction and the reverse reaction; so that if 
a, (3, a', /3' arc the concentrations at tlie beginning 
of a definite time, aud a quantity x giaut molecules 
, is transformed in time /, then 

^ =: I- (o — rf) (jS — ») - («' — x) (/3‘ — jt). 

Now .suppo.se that the reverse reaction occurs to an 
extent which is inappreciable, the equation becomes 

- ^ - ®) (/3 - «)• 

Put a — .r = ( and /3 — i? = ('*, tlien 
( 1 ) - 

If only one substaime is present, we shall have 


The minus sign occur.s bocau-e tlic concentration 
diiiiiiii.slies wliilc the time incicase--. Equation (2) 
gives the speed ol a moiiomolectilar reaction, lliaf 
is, a reaction iu wliich .single molecules decompose; 
equation (1) gives the sfieed of a bimolecular 
Toaotiun, that is, one in wliich two substances react 
molecule for molecule witti each other. More com¬ 
plex reactions arc not considered in this article, in 
the monoiiioleeular reaction, let the concentration a(. 
the beginning be Co, and at the end of a time t, ; 
then on iiiTr*gra!irig liefcweeu these limits we get— 
log, C„ — log, Ci = if. 

Or, taking logarithms to base lU— 

log - log Ct = 0-J34:U7. 

From this it is seen that C; ~ 0 when / is infinite, 
that i.<-, a reaction never comes to an end in a finite 
time. In practice a reaction is at an end wlien the 
eoiK'ontratiou of the substance wliich bas undergone 
change is so small that our tests for its presence 
fail. As an illustration of a mouomoleuiilar leaction, 
the inversion of cane sugar by a dilute aeid may bo 
given-- 

Ci,II.,,0„ H./) « C„n,jO, + CJl,..t)o. 

Here the water whicii enters into the reaction is so 
small compared with the whole amount present that 
it may be neglected, iu which case we have a mono- 
molecular reaction. The progress of the reaction 
can be determined by a polarimetcr. Willielmy 
fir.'>t made this experiment (1860), and he showed 

that tlie value of was constant within 

i! 

the limits of experimental error during the whole 
course of the experiment. Another example of this 
kind of reaction which has been carefully studied 
and shown to conform to the equation is the de¬ 
composition of arson iuretted hydrogen by heat 
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AsUj = As + 3H. In the case of the bimoleoular 
reaction we shall assume that the concentrations of 
the two substances are the same; then, on integrating 
equation (1) between the same limits as before, 
we have— 



A very important example of this kind of action is 
the saponification of an ester by an alkali. The case 
of ethyl acetate and caustic jxktash in twentieth 
normal solutions has been thorougiily examined, 

and in this case I i — -i ^ i was again found to be 

* t't '-'of t 


I 

I 

i 


constant. Many factors influence the speed of 
reactions. Temperature has an enormous influence. 
Thus in the case of the monoinolociilar reatdion 
CHBrCOOH CH.COOII 


I =11 + IIBr 

CllBrCOOH CBr.COOH , 

DibromoucoiDic Acid. Bruniiiiiileic Acid. > 

which occurs in aqueous solution, a rise of temperature j 
of 86“ (1,>° to 101“) increases the speed over 3,000 | 
tiroes. The solvent has also a great influence; | 
ammonium ejanate is transformed to urea much 
quicker in an alcoholic than in an aqueous solution. | 
The presence of a third substance has often a very ' 
great influence; tbi,s kind of influence is called > 
catalytic action, and examples are very numerous, i 
Thus, water in small traces causes many substances ! 
to combine which will not combine in its total I 
absence, as oxygen and hydrogen, chlorine and 
hydrogen, etc., and it causes substances to dissociate : 
which will not dissociate when al)solutely dry, as , 
ammonium chloride and mercurous chlo’-idc. 
Platinum black (sec I’latincM), enzymes (q.v.), arc 
other examples of catalytic agents. Pressure exerts 
a considerable influence on many reactions; it retanls i 
the inversion of cane sugar by fiydrochloric acid, but 
it ac.cclerafes the hydrolysis of methyl acetate by the ■ 
same acid, niminution of pressure accelerate.s the 
uxi<iatiun of [thosphorus by oxygen. Sec also 
Expu)S1ve.s. * W. IT. H. 


Speed Pulleys or Cones (A'»y.) When a machine 
has to l)e driven nt various- speeds, it is commonly 
provided with a Speed Pulley or 8teppc<l Pulley, 
which virfually consists of three or four pulleys of j 
different flianicters, fixed together to form a stepped i 
cone, and keyed on the shaft. 'I’his pulley is driven ; 
by a belt from a pnllcy on the counter shaft, which 
is of similar construction, but arrange<l so that its ] 
widest end is opposite to the narrowest end of the | 
pulley on the machine. In order that the belt may 
run properly when placed on any pair of pulleys, the ; 
sum of the diameters of the two pulleys must be a ' 
constant for eacli pair. If the belt be crossed its 
tension will then be perfectly constant, whichever ; 
pair it be placed on ; it remains approximately con- i 
staut, however, even if noi cri>ssed, provided the two | 
pulleys are not too (dose together. 

Spelter (Mef.) (1) Ingots of zinc. (2) An alloy ' 
of copper and zinc, used in brazing. 

Spent Oxide. See Coal Qab aiid Sulphuric 
Acid Manupactube. 

Spermaceti. This is perhaps best described as 
“ whale oil stearlne,” as considerable quantities are 
obtained from blubber and sperm oils by chilling and 
expressing, in the same w&y as stearine (y.r.) is 
obtained. Chemically, it is essentially cetyl palmi- 
tate. The name itself is misleading, as it was 
originally thought to be whale spawn, and thus was 


named Sperma eeti. The chief source is the “ head 
matter” of the Physeter nuterocephalus, but It is-also- 
obtained from the oils of many other cetacea. After 
“ bagging ’’ and pressing to separate the fluid oils the 
sperm cake is melted, re-pressed, and refined with a 
potash ley to remove colouring matter and free fatty 
^ids, gelding a white glistening mass with a melt¬ 
ing point of about 46“ 0. The product from the 
blubber oils of the bottlenosc whale has a somewhat 
higher melting point. It is largely used in pharmacy 
as an unguent. It formerly was used in candle 
making and some soaps. 

BpesBartite {Min.) A manganese aluminium 
garnet, 6MuO, SSiOj + 2ALOg, 3SiO,; cubic. Com¬ 
monly in dodecahedrons; (leep brown red in colour. 
It imparts important cutting properties to some 
stones used for tool sharpening. From the Hartz, 
Sweden, Bavaria, and Piedmont. 

Spewing {PuUd., etc.) When gravel, broken 
stones, etc., have been laid on a soft, wet surface {e.y. 
clay or mud), a quantity of mud is often forced out 
between the interstices. This is termed Spewing. 
It is avoided by first forming a layer of coarse 
broken stone or ‘‘ hard core ” on the soft surface, and 
laying the gravel on this. 

-- {Leather Mannfao.) An exudation of oil 

from curried leather consisting of fatty matters 
winch have failed to combine with the skin fibres, 
possibly on account of oxidation. 

Bp. Gp. The contraction for SPECIFIC Gravity 
(y.r.) 

Bphalerite {Min.) See Zinc Blende. 

Bphene {Mia.) Calcium titano-silicate, 
CaO. TiOjSiOj. Calcium oxide = 24-2, titanic acid 
■= 43 • 2, silica = 32-3 pcit cent. Monosymmetric; 
usually browm and lustrous; rarely green. It is a 
common constituent of metamorphic rocks. It is 
found in the Crillel granite; in Argyllshire in 
schists; in Devonshire, France, Norway, etc. 

Sphere. A surface of wliich all points are equi¬ 
distant from a given point, termed the CENTRE of 
the sphere. A Diameter is a straight line passing 
through the centre and terminated at each end by 
the surface; a Radius, a straight line from the 
centre to the surface. Every plane section of a 
xphere is a circle; if the plane pass through the 
centre of the splien', the circle is termed a Great 
Circle; any plane not passing through the centre 
produces a Small Circle. The Axis of a great or 
small circle is the diameter of the sphere at right 
angles to the circle; the Poles of the circle are the 
»mds of this diameter. Great circles passing through 
the poles are termed Secondaries to the circle. 
The part of the surface lying between three arcs of 
great circles is termed a Spherical Triangle. The 
area of a sphere of radius ri8 4irr-®; the volume is 

Bpheiieal Aberration {Phys.) A pencil of parallel 
rays after reflection from a curved mirror, or refrac- 
ti( 7 n through a lens, does not in general converge to 
(or diverge from) a single point. {See Focus, ete.y 
This departure from the elementary law is termed 
Spherical aberration. 

Bpherioal Candle Power {Ugkt). The average 
of the values of the candle power c-f a source of 
light, measured in all directions, ix. at every point 
on the surface of a sphere surrounding the source. 
It is equal to the candle power which a theoretical 
point source, emitting light with uniform intensity 
in all directions, must possess in order that it may 
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«iuit the satoe total quantity of light us the source 
under consideration. 

Spherical Excees (^Sureeyi'ng). Denotes the error 
due to the curvature of the earth’s surface in a survey 
of great extent. 

Spherical Triangle ( Geom.) A part of a spherical 
surface intercepted between three arcs of great 
circles which intersect each other. 

Spheroidal State If a small <]nantity of 

liquid be placed on a surface heated to a temperature 
considerably al)ove the boiling point of the liquid it 
will collect into globules which roll about without 
boiliiig. A layer of vapour is formed between the 
drop and the hot surface. 

Spheroidal Structure (Geol.) Artificial glass, if 
jiermitted to cool very slowly, tends to lose its trans¬ 
parency at many points throughout the mass; and 
when the glass has finally cooled, the.se semi-opaque 
areas are seen to be spheroidal in form, and to be 
made up of ncedlelike particles radiating from the 
•centre of the spheroid. Kccent investigations have 
proved that these needles consist of wolla-stonite, a 
silicate of lime. Many natural gla.sses and slags of 
eruptive origiu show a similar structure, audio the.'sc 
the above name is given. 

Spherometer (Phy*., etc.') An iD.strument for 
measuring the radius of a sphcrLoal surface. It has 
three equidistant fixed pointed feet, which rest on 
the surface; in the centre is a screw with a pointeil 
end, which can be raised or lowered by turning a 
graduated head fixed to the screw. The instrument 
is first placed on a plane surface, and the screw 
turned until its point exactly touches the surface: 
it i.s then transferred to the spherical surface and the* 
screw raised (or lowered) until it again touches. If 
A be the distance through which the siirew has been 
raised or lowered, and / tlic distance between the 
fixed pointh, the radius of the surface R is given b\ 
the formula 

R= f. 1 

(Iff 2 

Bphernlitic Structure (_Grol.) The term applied 
to the ball-sha|>ed masses which many eruptive rocks, 
especially those of basic composition, are apt to 
assume after they have been exposed for some time 
to the weather. 

Sphyrelaton {Archtrol.) The name given to 
ancient hammered metal work. 

Spider {Sleet. Eng.) The part tif an armature by 
which the core discs are supported and connected to 
the shaft; usually furnished with arms corresjionding 
to the spokes of a wheel. 

Spider Wheel {Eng.) Any wheel with verj' light 
radial arms. 

Spiegel or Spiegeleieen {Met.) A pig iron or white 
last iron containing S'R to 6 per cent, of carbon, 
and from 2 to 12 per cent, of manganese. Its 
fracture often presents well dcvelopeil crystalline 
planes, hence the name. If the manganese is much 
in excess of the latter amount, the name Fkbbo- 
M.«fGANESE (y.r.) is given to the alloy. Spiegel is 
much u.sed in steel manufacture as a convenient 
means of adding additional carbon, etc., to iron 
which has been almost entirety dccarburised, as in 
the Bessemer, the Siemens, or the Siemens-Martin 
proccs.s {q.v.) 

Spigot. (1) The end of a pipe that fits into the 
faucet or socket of another pipe. (2) A pin or small 
plug used to stop a faucet (q.v.) or a hole in a cask. 


Spike {E^ig.) (1) A large nail. (2) The fastening, 
! resembling a nail, used to fix railway obairs {q.v.) to 
I the sleepers. 

i Spile ( Carp, and Join.) A rod of wood provided 
1 with a notch in the side, in which a pencil is held ; 

it is used in marking the contour of an irregular 
; surface or edge to which another piece of wood has 
to be fitted. The end or point of the spile is applied 
to the surface at a suitable point, and a mark made 
by the pencil on a lionrd held in a convenient posi¬ 
tion ; this process is repeated at a scries of points 
along the irregular surface until a sufficient number 
of marks have been made on the board to enable the 
tree contour of the given surface to be drawn. 

Spiling {Carp.) The method of scribing with a 
Spile {q.r.) 

Spills {Met.) Openings or crevictw found in 
inferior wrought iron Imrs. 

SpittSB {Mmir). The name given to the jacks or 
[dectra of the spinet. 

Spindle {Eng.) A small axle or shaft. 

- {Tcfetile Manufac.) (1) A common term for 

.anything which rotates for the purpose of winding 
thread into coils, on to bobbins, or on a bare spindle. 
(2) An iron rod on which a tube or bobbin holding 
the spun yarn is jilaced. 

Spindles {Met.) See Bbeakinc TiEOUa 

Spindle Tree {Jiotmiy). See Eitoxymus. 

Spindle Valve (Eng.) A valve whose motion is 
guided by a rod fixed to the movable portion and 
running through bearings. 

Spinel (.1/m.) Magnesium aluminium oxide, 
MgO.ALjO^ The chief mincralogieal varieties are : 
(1) Ordinary, (2) Ruliy Hpinel, (If) Coylonitc, (4) 
Ohloro.'iplnel, (5) I’icotite. Varieties nanied from 
colour are: Red, Spinel Ruby; Rose, Balas Ruby; 
Black, I'leonaste; Orange, Red Rnbicelle ; Violet, 
Almandiue Ruby. Spinel ciyt-tallises in the cubit! 
system, usually in oclahulra. It is distinguished 
from the true or Oriertal ruby by its inferior Itard- 
ness, different crystaHine form, anti slightly inferior 
density; from garnet by it.s infnsibility; from Kircon 
by its lesser density. It is largely usetl as a gem. 
See I’BKCTop.s Rtosms. It is found in metamorphic 
locks in Ceylon, Pegu, Siam, New .Tersey, etc., anti 
elsewViere in rocks of eruptive origin. 

Spinel Ruby {M'm.) A variety of Spinel {q.v.) 

Spinet {Mneie). A keyed instrument, varying in 
aha|>e, plaj-ed by means of jacks, and liaving one 
string to eatih note. The strings ran from left to 
light of the i>erformer. In the Victoria and Albert 
Museum, Houtb Kensington, may be seen various 
specimens of the. spinet, as wt.'ll as a clavioymbalo, an 
instrument with four strings to each note, two giving 
8 ft, tone and tho others 4 and 16 ft, tone respec¬ 
tively, which were also played by jacks. The 
.spinet was in u.se in the sixteenth, seventeenth, and 
eighteenth centuries. See also Musical Instbu- 
MENTS, p, 429, and Vibcunal. 

Spinning. See Cotton, Linen, Silk, Wool, 
Mule, Ring Fbamb, Rove, Sliveb, Slubbing, 
Spinning Jenny, Yabn, etc. 

Spinning Jenny {Cotton Manufai',) The first 
machine by which the modern system of mechani¬ 
cally spinning cotton into yarns was effected. In¬ 
vented by Hargreaves of Blackburn (Lancashire). 
In this machine the necessary degree of fineness 
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waa imparted to the rovin|ps bj drawing them through 

clores,” or clasp rods, instead of, as at the present 
time, by passing between rollers. It formed the 
nucleus of the subsequent inventions of Arkwright’s 
water frame and Crompton’s mills. 

Spinning Metal The formation of circular 

objects from thin sheet metal in a lathe. The sheet 
metal is placed in front of a mould attached to the 
mandrel, and pressed into the mould as it revolves by 
a suitable tool. The latter resembles a burnishing 
tool, and has a rounded end, which is kept lubricated. ' 
Pewter and similar alloys can be very easily, but i 
brass and copper can be treated in the same way if j 
they are well annealed. Such objects as plates, ' 
cups and bowls, etc., are thus produced. i 

Spiral. A spiral is a plane curve, generated by a ; 
point which travels along a line while the latter 1 
rotates round a fixed point termed the Pole;; the 
velocity of the moving point along the line (or 
Badii7£) Vectob) i.s related to the angnlar velocity j 
of the lattor by a definite law which determines the j 
form of the spiral. Let r be tlie distance of the | 
generating point from the pole, an<i d the angle ; 
through which the radius vector has turned from i 
some given p)8itiou ; then 

for the SriKAL oe’ Abchimedbs, r =a0; 
for the LOGABITIIMIO SPIUAL, r = ; 

for the Hypkbbolic Spieal, t0 =. a. 

Spiral Sear (Eng.') Wofm wheels, helical gear ^ 
wheels, etc. 

Spiral Mebuls NebuUc take various ■ 

forms, among which a great numl)cr are .••piral ■ 
.sbapei!. The nebula of Andromeda is the ea.siest 
to olwerve. 

Spiral Spring. Htrictly speaking, a spring coiled 
in one plane, such as a watch spring. But the term i 
is also commonly applied to a Helical Hpbing ' 
(g.v.) 

Spire {Architecl.) The tapeiiug part of a steeple 
rising above the tower, forming a naif of very acute 
pitch. It is one of the cbaractcristii! features of 
tfOthic architecture. See Fl^che and Biioach. 

Spirillum {Biol,') Bacteria having the form of 
long nnjointed threads, coiled into .a spiral form. 

Spirit. A term w'hicb includes HIetiiylated 
tipiRiT, Rectified Spikit, and Spihits oe' Wine . 
{q.v.) 

Spirit Fresco. See Painting (Methods). 

Spiriting Off. See French Polishing. 

Spirit Level. A device for delecting deviations 
from a horizontal ];Hisition. It consists essentially of 
a glass lube (or other suitable receptacle) containing 
spirit in which is a babble of air; this bubble always 
moves towards the highest, point in the tube, so that 
if one end of the tube be higher than the other the 
bubble moves to that end. The glass tube is attached 
to a suitable base, usually of wood. 

Spirit, Motor. A mixture of the lighter i^tro- ' 
leum liydrocarbons, having a specific gravity of 0'68 \ 
to 0‘7. The test of gravity alone is an insufiicient ! 
guide to the value of a spirit as a motor fuel. The ' 
chief characteristics to be noted are : (1) total range i 
of vaporisation, (2) percentage volatile at 212° P. { 
In (1) there is a guide to homogeneity, and a good i 
spirit shonld have a ran^ of 66° to 77° between the j 
t«mpcratnre at which it first gives vapour and the | 
temperature at which it is wholly vaporised. In ; 


the case of (2) as much as 90 to 95 ;^r cent, should 
be volatile at the temperature of boiling water 
(212° F.) Some spirits are as low as 81 per cent. 
Ko. 2 is an index to easy “ starting up.” This is 
data which can be easily supplied by any motor 
spirit maker, and will be found most instructive to 
the motor builder in determining the fuel best suited 
to bis engine, as well as to the motorist in comparing 
the relative cost and efficiency of motor spirits. 

Spirito, Con; Spiritoso {Mtmo), With spirit; 
in a lively manner. 

Spirit of Hartshorn (Chem..) (1) A solution of 
carbonate of ammonia distilled from Hartshorn. 
(2) At present it is generally the ordinary ammonia 
of the British Pharmacopeia (10 per cent, by weight 

Spirit Oil. A pale yellow light distillate that is 
sometimes obtained in the distillation of Vorkshire 
grease before the “first distilletl grease” begins to 
nm. It darkens on expo.snre to the air, and much 
resembles the di.stillatc from bone tar. It boils at 

160“ e. 

Spirits of Salts. A trade name for Hydbo- 
OHLomc Acid (q.v.) 

Spirit ¥amish. See Vaknishes and Fbbnoh 
Polishing. 

Spitz-flbte {Mmic). A conical wooden organ pipe 
of thin, reedy tone. It is generally of 4 ft. tone, 
though it may also be of 8 or 2 ft. tone. Its 
name means “ pointed flute.” 

Splashing {Plumb.) Placing melted solder on a 
joint that is to be wiped {q.v.) by throwing or 
^plashing it from a ladle. 

Splay (BuiM.) A .sloping surface, larger than 
a chamfer; a surface making an objliquc angle with 
another surface. To “splay” is to form such a 
surface on any object or part of a bnilding. 

Splayed {Build.) See Splay. 

Spleen {Eool.) A spongy glandular organ forming 
one of (lie “ductless glands” found in vertebrates. 
Jt lies in the upper part of the abdomen, near the 
stomach, and ha.s functions concerned with the blood 
oorpu.selcs. 

Splice. (1) A joint formed in timber by lapping 
the ends of two pieces together; sometimes used as 
sj'nonymous with Scarp. (2) A joint in a rope, etc. 

Spline. (1) A projecting ridge on a shaft, serving 
a.s a fixed key {q.v.) for a pulley, etc. (2) A thin 
lath or rod, usually of lancewood, used to aid the 
drawing of smooth curves through a number of given 
points. 

Split (Leather Jlanufae.) A skin that has been 
split into two Layers by a cutting machine, fy. 
Hair Split and. Flesh Split. 

-( Teuitile Matiufar.) See R RED. 

Split Bend {Plumb.) A bend in a pipe, made in 
two pieces. 

Split Phase {Elect. Eng.) The division of an 
alternating current into two jiarfcs, differing in phase, 
is termed Splitting the J’uasb. If the current be 
divided into two branches in parall“l with each 
other, one of these having a large resistance, the 
other a large self induction, the difference of phase 
will ap)>roach the maximum value, 90°. The device 
is commonly ii.sed in starting single phase motors. 
See Motobs, Eleotbic. 
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Split Pin. Usually made from a lengtii of adre of 
hemispherical section, which is bent round until the 
flat sides arc in contact, a small loop or head being 
formed at the bent end. The split end is passed 
through a hole in a rod or shaft, and the ends 
sepai-ated. The loop and the separated ends thus 
serve to retain some ulgcct in place. 


Sponge Gloth {Eng,') A cloth of loose texture 
used in place of cotton waste for wiping oil off 
I machinery. 

Spontaneooi Oombiutioii. Combustion produced 
; without the application of beat from an external 
source. 


Split Pulley {Eng.) A pulley made in two halves, ; 
whicit are placed in position on a .shaft and then j 
bolted together. By this means a jmlley can be j 
fixeti on a shaft already in place without removing it i 
from its bearings. ! 


Spoon Bit {Oaiyg.) A form of wood boring bit 
somewhat resembling a small gouge, but having its 
cutting edge carved in profile. 

Spoon Gouge. A gouge (g.v.) with a bent blade 
for cutting out cavities with curved internal surfaces. 


Split Ring {Eng.) A PISTON ElKO (g.v.) 

Splitting {Foundry). Dividing a mould into two 
by means of a hat iron plate, termed a Splitting 
Platn, in order to obtain a casting in two halve.s; 
the method is employed in casting split pulleys 
{q.v.) 

- {Leather Manvfac.) The proces.s of splitting 

leather into two or more layers piirallel with the 
surface. Cf. Chamois Lkathkb. 

Splitting Plate {Foundry). See Splitting. 

Split Wheel {Eng.) Any wheel rlivided in two, 
as in the case of a Split 1*ullby {q.v.) 

Spodnmene {Min.) Aluminium lithium silicate, 
ALOg . LijO . 4810.^. Alumina = 29‘4, lilhia = 6‘4, 
silica = 64*2 per cent. Monosyrametric. Grey or 
greenish, with very perfect cleavage ixirallel to 
the ortbopinacoid. In the Peterhead granite, from 
CO. Dublin, Sweden, Tyrol, the United States, etc. 

Spoilage {Print.) The “ waste ” or spoiled sheet' 
in printing. 

Spoke Machine {Eng., tic.) A form of coiiying 
lathe used for making wooden spokes for wheels 
The piece of wood revolves in tlic lathe, and the tool 
moves backwards and forwards at right angles to the 
axis of rotation, being guifled by an iron template of 
suitable form. 

Spokes, The arms of a wheel. 

Spokeshave {Carp., etc.) A tool cousisling of 
a cutting iron of which the action is similar to tiiat 
of a plane, but it is mounted in a stock or liolder 
whose principal length is parallel to tlie oiitting 
edge; the ends of the slock are formed into two 
handles by which the tool is moved backward and 
forward. Spokeshaves are chiefly used on work 
which possesses a wnsiderable ciirvatnre, c.g. hand' 
rails, etc. 

Sponge {Met.) A mass of iron from the paddling 
furnace nut yet hammered into a homogencou.s 
mass. 

- {JSool.) Sponge.s form a lowly division of tlie 

animal langdom, coming just above the Protozoa, or 
simplest animals. They are marine animals, sedentary 
and passive like plants, with which they were once 
classified. They possessu skeletonformed of calcareous 
or siliceous spicules, or of fibres of a material termed 
SroNUlN, which resembles silk in its chemical com- 
posdtioD. Both spicules and spongin fibres may occur 
in the skeleton. The sponge of commerce is the 
dried skeleton. 

Sponge Bed {Geol.) In the Cretaceous Books, 
fossil sponges occur in abundance, and in some cases 
aresnfliciently numerous to form beds of rock, which 
are termed Sponge Btds. 


I Spot Cotton (Cotton L^ade). Actual cotton bought 
i for cash through a broker for immediate use at mill, 
j Cy. Fxjtubbs Cotton. 

{ Spotting Motion {Textile Mawufae.) A motion on 
I the twisting frame for developing spots, at intervals, 
’ on the surface of twist yams. 

Spouts (Met enrol.) Cloud-like or fog-like phenomena 
of a slender and more or less tapering form formed 
in the air under certain atmospheric conditions. 
The more common form is a waterspout {q.v.) 

Spray {Fmiulry). A small Gate or Kumner 
{q.v.) 

Spray Carburetter {Motor Cart, ete.) A spray 
carburetter wnsists of a small chamber, into which 
the liquid fuel (oil, spirit, etc.) used for driving a 
{)etrol or .similar motor is converted into vapour and 
mixed with air to form an explosive mixture. The 
liquid enters thechamberthrongh asmall orifice which 
communicates by mcan.s of a tul>€> of small boro with 
the tank in wliicli tlic oil or spirit is store<l; the 
.supply of liquid is usually governed by a needle- 
valve actuated by a liollow metal float, whicii closes 
the opening when the liquid enters too rapidly. 
Tlie stream of liquid being very fine quickly breaks 
up into fine drops, which rapidly vaporise in the 
chamber; the vapour mingles with air, and is drawn 
into the cylinder of the engine. See Petrol Engine. 
Motor Cabs, Cycles, etc. 

Spray Tuyere (Met., etc.) A TUYfcKE {q.v.) cooled 
by water impinging on its surface in the form of 
very fine jets or spiay. 

Spreading Power of Pigments. See CovEBiNct 
Power. 

Sprengel Pomp. See Atb Pumps. 

Sprig. A brad or nail cut out of slieet metal. 

Sprig^ng {Carp., etc.) To fasten with sprig.<i. 

- {Foundry). Supporting small and weak 

portions of a mould by means of thin sprigs or brads 
which are driven into the sand. 

Spring {Eng., ete.) A piece of elastic material 
(tempered steel, hard bras.s, wood, rubber, etc.), 
generally in the form of a thin rod or ribbon, employed 
to exert a force in a definite direction when bent or 
otherwise distorted. This force may be required to 
actuate mechanism as in clockwork, to diminish the 
effect of sudden shocks, as in vehicles, or to exert. 
some controlling effect on a moving part in certain 
mechanism. See alto Helical and, 8PIBAL 
Springs. 

- or Springing {Architect.) The point where 

the curved portion of an aruh meets the abutments 
or piers, Abch. 
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Bprli^ Balance. A device coneistiftg eseentially 
of a lielical spring, whose extension is' proporttonal 
to the weight or other force am] led to it; the amount 
of this force is ascertained by reading off the ex¬ 
tension of the spring on a properly divided scale 
which is attached to it. 

Bprlng Bovs. Small coihpaBses whose legs are 
connected by a flat steel ribbon forming a spring, 
instead, of by means of a hinge. 3'he distance apart 
of the points can be regelated by means of a screw 
and nut. 

Spring Chuck {EnyS) A chnek (^.v.) in the form 
of a hollow cylinder or (mp, with several fine slits 
cut parallel to the axis. An object which is placed 
in a chuck of suitable size can be held fast by 
the pressure of the sides of the chuck, aided, if 
necessary, by a ring driven on to the outside of the 
cliuck (wliicli is turned to a slight taper). These 
chucks are only suitable for 1 igbt work, but are veiy 
convenient when a considerable number of objects 
the same ske arc being turned up. 

Epring Dividers. 7)ivtD£;u8 (q.r.) with a spring 
joint, similar to that of SriilNO Hows (./.?•.) 

Springer { liuild,, otn.') 'J’hc stone abutment at the 
springing of an arch. Sm AUCH. 

Springing Line, fka Ancn. 

Spring Jack. An interceptor used in curtain 
manufacture, so formed that it ha.s sufficient elasticity 
to place itself in action upon the release of a string. 

Spring Pawl A pawl or catch of a ratchet 

wheel wliioh is caused to fall into its place by 
means of a sja-ing. 

Spring Ponty {Glass Manufae.') A tube of iron 
having a flat circular plate attachc<l at one end. A 
light rod of iron running down tlie centre of the tube 
bits a plate at its end in the form of a horseshoe. 
By means of a spring, the plate attached to the tube 
is made to 7 >ress against the horseshoe; plate. The 
foot of a. wineglass is placed between; the.se, and held 
in position by thi; spring. This allows the workman 
to liuisli the article the same as if it were sfv<'A to 
the ordinary ponty. 

Spring faliey {ilng.) A pulley matle of wrouglit 
iron or steel, dividetl by a cut passing tlirough the 
boss and one side of the lim. It can lx; .sprung oiien 
sufficiently far to enable it to be p.iSKed o\c;r a shaft, 
tlius serving the same pur[»osc as a true Split 
I'CLLisy (y.r.) 

Spring Ring A PiiSTos Mno ig.v.) 

Spring Safety Yalve {Eng.') A Safety Valve 
(tf.r.) which i.s closed by a spring instead of a weight, 
llie. force acting on the valve is independent of the 
position or motion of the valve, and therefore a 
spring safety valve is suitable for locomotive or 
marine boilers. 

Spring Tides {Astron.) See Tii>e.<]. 

Spring Tool {Etig.) A metal turning tool which 
has a bend in its shank near the point. This enables 
the tool to yield or spring to a slight extent. It is 
u.sed for taking a very light finishing cut on a piece 
of work which has been turned to very nearly its 
exact size. 

Spring Water. See Springs ; 'W'ateb ; mtd under 
Sanitation. 

Springs. The overflow of the ground water. The 
rain, falling on a permeable stmtum, percolates 
downwards until it reach^ an imiiermeablc stratum. 


and it Is this underground store wbiob crops up and 
forms .springs. Various ooaditaons determioe tbe 
amount of rain which penetrates the ^rmd, namelyi 
the nature of the soil, the cemfiguration of fbe land, 
the temperature and the movement of the edr. Clay 
is almost impermeable, whilst gravel or a loose sandy 
soil absorbs about 96 per cent., limestone about 20* 
per cent., and chalk about 42 per cent. With an 
increase of temperature evaporation is rapid, and less 
water p^etrates the surface. In a flat district 
evaporation is 50 per cent, less than in an undulating 
one. Wlien spring.s flow from artificial gravel beds 
they are termed “ land springs ”; these are shallow, 
and their flow is not constant. “ Main springs ” are 
found in deeper strafci, and yield a regular supply. 
Springs sometimes hold in solution some of tfie 
mineral constituents of the rocks through wiljich 
they pa.ss. In many of these the mineral matter is 
so excessive as to render the water unfit for ordinary 
drinking purpose.^, though they arc of value 
medicinally. The temperature of such springs is 
often high. 

Springs {Geol.) Springs may be divided into tw'o 
classes in accordance with their origin : (1) Normal 
springs, sufficiently described above; and (2) Ther¬ 
mal Springs, which are due to the uprise of heated 
waters, from a subterranean source. These latter 
bring up variou.s substances in solution, and eventually 
deposit them at liigher levels at the points where 
the temperatures of the adjoining rock arc lower 
tiian those of the initial temiieratuie of the spring. 

Sprocket or Sprocket Wheel {Eng., etc.) A 
toothed wheel driven by a chain. In cycles 1 lie term 
is usually reserved for tlie wheel on tlie driving axle 
of tlie machine. See CYCLES. 

Sproket Piece {Carp, and Join.) A tilting fillet 
fixed on the lower <‘ndt> of roof lafters. 

Spruce. Sec Woods. 

Sprue {Foundi'y). A channel or runner by which 
molten metal enters a mould. S<-c (Jatb. 

Spun Metal. See Spinning Metau 

Spun Silk. See Sile. 

Spun Yam {Eng.) In engineering this terra is 
apt'lied chiefly to loosely .spun hemp rope, which 
i.s used as packing for stuffing-boxes and joints in 
steam jiifies. 

Spur {Print.) See Points. 

Spurious Disk {Astron.) Owing to light of all 
w.ave lengths not being brought to a focus at one 
poiut, the image (say of a star formed by a lens) is a 
disc, surrounded by a series of interference rings. 

Spur Wheel {Eiig.) A tootlicd wheel of the 
ordinary form, ■i.t*. with the teeth on the outside of 
the rim. 

Squabble {Tgpog.) To distuib the arrangement 
of linos of type so as to render it. unfit for printing; 
i.e, to “ pic"’ the matter. 

Squall {MeteerroL) A local rush of air which 
restores normal conditions when the air has b»,en 
disturbed by local causes. High wind and heavy*^ 
downponrs generally accompany it. 

Square. A geometrical plane figure having four 
equal sides and four right angles. 

—— {Bvild., etc.) One hundred equaie feet of 
boarding, slating, etc. 

- {Xhig., Carp., etc.) A tool used for drawing, 

setting out, or testing right angles. It has a stock 
of wood or metal and a fiat thin blade, usually of 

45 
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steel, set at right angles to one edge of the stock. 
The squares used b; workmen are usually in the 
form of a letter L; those used by draughtsmen are 
in the form of a letter T, and are therefore known 
as T-Sqcabbb. 

Square and Flat (Carp.) Framing without 
moulding, and with a w panel. 

Square Ceotre A piece of steel placed in 

the baok bead or poppet of a lathe in place of the 
ordinary centre, in order to cut a conical hole in a 
piece of work placed in the lathe; its point is made 
in the form of a square-based pyramid, instead of 
being conical. When a bole of sufticient depth has 
been cut, the square centre is removed and an 
ordinary centre is substituted. 

Squared Paper. Paper ruled with two sets of 
lines, often in,, or 1 millimetre, apart; used for 
plotting carves from a series of numbers obtained 
by calculation or experiment. 

Squared Rabble (liuild.) Ktone walling in which 
the stones are squaretl on the face. 

Square Rosed Tool (Ung.) A metal turning tool 
with a straight cutting edge, at right angles to tlie 
axis of the tool; it is used fur finishing work which 
has been roughed out by a round nosed or a pointed 
tool; the ridges left by tlic latter are removed by 
the straight cutting edge. 

Square PaekinS (Eng.) Bojre or gasket plaited 
into a square section for filling joints or stofiing- 
boxes. 

Square Threaded Screw (Eag.) See Scubw. 

Squaring Up (Carp., Eng., ttc.) The production 
of sides or faces on a piece of work accurately at 
right angles to one another. 

Squeezer (Met.) A machine by which a Iwill of 
puddled iron is presred into a homogeneous mass, 
ready for the rolling mills. 1 

Squills (JiDtany). The sliced and dried bulb of | 
Veginea tcilla (order, Liliacece) forms the drug of j 
this name. 

Squinch (Arehiteet.) Tlie arches or series of 
projecting courses carrying four of the sides of an 
octagonal spire across tlie angles of a square tower. 

Squint (Are/titsef.) Haoioscopb. 

- (Build.) A term loosely applied to an object 

cut at an obtuse or acute cmgle. 

Squint Brick (Build.) A brick cut to an acute 
or obtuse angle. 

Squirrel Cage Rotor (Elect. Eng.) A Rotor or 
revolving portion of an alternating current motor, 
built up of parallel bars of copper, joined together 
at their ends by a conducting rim or disc. 

Squirting (Ckem. Tech.) See Piottikg. 

Sr (Ciem.) The symbol for Strontium (g.v.) 

Stabbing (Bind.) A method of attaching the 
various sections or sheets of a volume or pamphlet 
together. The secjtions are placed in a pile, pierecd 
near their back edge, and then seenred by wire or 
thread passed through the boles. See HicwiSG and 
Stitching. 

Stable Equilibrium (Phyt., ^eeh.) See Equili¬ 
brium, Stablb. 

Staceatisrinio (Mmie), As separated as possible. 
{y. Staccato. 

Staccato (Mu^c) Tietacbed, separated. Staccato 
is the opposite to legato. There are three degrees 


of staccato, shown respectively by dots with a sluri 
1^ dots, by dashes. The following brief examples 
snow these, and an approximate idea of their per<* 
formanoe is given beneath each : 


Ex, 1.— Mkzso Staccato (m written). 

Webet. 



Mezzo Staccato (as played), tbree-quarters note, one-^uazter 
rest. 



Ex , 2.—Staccato (as written). 

■Webeii. 



Staccato (as played), half note, halt rest. 



* ^ ^ I '—5 

Ex . S.—Staccatissimo (as written). 



Staccatishimo (as played), ono.<ii)'AirteT note, three-qnarters rest. 



Stack. In engineering, a single tall chimney. 
Builders usually apply the term only to a number 
of chimneys or fines grouped together. 


Stadia (Surveying). The staff used in conjunc¬ 
tion with tJie tacheometer (g.v.) or similar instru¬ 
ments for the indirect measurement of distances. 

Stadium (Archeeol.) (I) A course on which foot 
races took pl^e in (Jreeoe; the most celebrated were 
at Olympia and Athens. (2) The distance between 
the terminal pillars of t^ stadium, rtz. 6(X) ft., 
equal to G25 Roman feet. 

Staff (Mutie). Sec Btave. 

- (Watchee). The small spindle or arbor on 

which the balance (g.v.) is mounted. The arbor of 
the pallets of a lever watch is also called a staff. 
See ARBOR. 

Staff Bead. See Anglb Bbad. 

Stafford BIum. See Bbicks. 

Stage. (1) A flat surface forming a support; the 
term bos many applications, e.g. a landing Stage, the 
Stage of a theatre, etc. (2) The part of a mioroscoiie 
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(^.v.) or of an optica) lantern which enpporta the 
elide or other object to be viewed. (8) A definite 
point in a series of operations, or one operation of 
a series. 

Stage {Geol.) A name now applied to one of tiie 
minor groups of beds, which arc themselves com¬ 
pos^ of several strata. Stages unite to form a 
Series, Series to form a System, and Systems to form 
a Group. 

Stage Miorometep. See Etbpiecb Micboheteb. 

Stage Pass (^Temtiles). See Bntebikg. 

Staggering (Eng., Fleet. Eng., etc.') An arrange¬ 
ment of a number of separate objects, e.g. rivets, so 
that they are not exactly opposite to, or in line with, 
each other. 

Stag’s Head (Her.) The antlers of a stag in 
heraldry are call^ “ attires "; the branches, “ tynes." 

Stain (Fee.) Colouring matter dissolved in oil, 
spirit, or water, and sufiiuientlv transparent to show 
the grain of the wood tlirough. 

Stainers (Fee.) The popular term among painters 
for all pigments which are mixed with white lead, 
rsinc while, etc., for painting puiposcs. See Vaixt 
Mixing. 

Staining (Leather Hanufae^ Ilrnsiung over the 
surfsMje of leatlier with a strong solution of a dye¬ 
stuff ; commouly called Beush Dybino. 

Staircase (Fvlld.) Staircases are built of wood, 
stone, or iron, the former being employed in most 
private buildings. A wooden staircase consists of a 
suctfession of steps, each formed by two boards, one 
forming the Teead or horizontal surface on which 
the foot rests, the other l)eing placed vertically so as 
to fill in the space between two suctsessive treads; 
this is termed a Riseb. The edge of a tread usually 
projects beyond the riser, and is rounded off or 
moulded, forming a Nosing. If the nosing is carried 
round the end of a step, so as to cover the exiiosed 
end of the trend, it is termed a Ketoeneo Nosing. 
If a small scotia (g.r.) is fixed to the riser under the 
nosing, the latter is termed a Botti.e-nosb. A step 
with a rounded end is termed a Bcll-nose Step : 
this is often used for the lowest step of a flight. 
If this step has the end formetl into a volute, 
ciorresponding to the form of the wreath on the 
end of the handrail, it is termed a Curtail Step. 
'The width of a tread is termed the Going, the 
expression “ going of a flight ” being the horizontal 
distance over which tlie whole flight of steps extends. 
The ordinary steps, whese width is uniform, are 
termed FLiKB.«t, those of triangular or tapering form, 
which occur where the stairs turn or “ wind,” being 
tenned Winders. A wrindcr which occurs right iu 
the angle of a staircase is usually kite-shaped, and is 
-termed a Kite Winder. The ends of the treads 
.and risers are supported by boards termed Strings, 
running the whole length of each flight. The string 
next to the wall is termed a Wall String, the 
•other or outer one a Well String, as it lies 
next to the Well, or central space of the staircase, 
which is seen when looking down from an upper 
landing. If the upper edge of the string forms one 
continuous line, the term Close String is applied 
to it; a Cut String is one which is cut out into 
right-angled notches following the profile of each 
step. The ends of each step in a cut string may be 
oonoealed by ornamental brackets fixed to the string, 
forming a Bracketed String, or the ends of the 
.risen may be mitred to the vertical edg^ of the 


notches in the string, thus forming what is termed a 
Mitbbd Stbino, or Cut and Mitbed Stbing. If 
the strings form a continuous line where the staircase 
bends round, they are said to be Wbbathbd, the 
same term being applied to the handrail. The 
latter is a moulded rail on which the hand rests; it 
is supported by vertical pillars, termed Balustbbs, 
rising from each step; the large column at the end 
of a flight, to which the ends of a handrail are 
attached, is a Newel. Stairs are sometimes pro¬ 
vided with extra support in the form of roughly inade 
strings placed under the steps: these are termed 
Rough STBiNosor Rough Caebiages, The resting 
places between the flights are termed Landings, a 
Half Space Landing being one which extends the 
whole width of the staircase, a Quabteb Space 
Landing extending the width of one flight. 

Stake. (1) A general term for a bar with a 
pointed end. (2) In the foundry a spike driven 
into the floor for holding a moulding box in position. 
(3) A form of anvil used by sheet metal workers; 
it generally has a small face or plain surface, and 
long projecting points or beak irons. 

Staking (Leather Mannfae.) Drawing leather, 
iu a moist condition, vigorously over a bluntish 
blade fixed on an upright post. This stretches and 
s«>ftens the leather,, and prevents the fibres from 
sticking together while drying. 

Staking On (Fug.) Fixing a wheel on a shaft 
by means of sever^ keys; the wheel is not accu¬ 
rately bored out to fit the shaft, but has an opening 
larger than the diameter of the shaft, and correct 
centring or adjustment is obtained by the keys alone. 

Btalamtltes ( fleol.) Pendent masses of some rock- 
forming mineral, rudely circular in cross section, 
which have been deposited on the inner side of the 
roof of a cavity by the slow evaporation of water 
holding the substance of that mineral in solution. 
The best known examples are those of carbonate of 
lime, such a.s may be seen depending from the soffit 
of a railway arch, and which arc due to the solution 
of some of the carbonate of lime in the mortar, and 
its redeposition at a lower Je\-el under the joint 
influence of surface tension and gravitation. Nearly 
all limestone caverns contain stalactites of carbonate 
of lime. Stalactites may be formed by almost any 
mineral, e.g. hmmatite, chalcedony, malachite, etc. 

Stalagmite (Geol.) Deposits found in the same 
manner as stalactites; but left upon the floor of the 
chamber instead of being pendent from the roof. 

Stall Board (Carp, and Join.) The boarding 
inside a shop window on which the goods are 
displayed. 

Stalls (Architect.) The fixed and partially en¬ 
closed scats iu the chanoel of a church, used by the 
clergy and others assisting in the services. 

StamnOB (Archteol.) A tw-o-handlcd earthenware 
Greek jar with very short neck, used for holding 
liquids ; often decorated with red figures. 

Stamp (Het.) (1) Specifically that portion of 
the machine of a stamp mill that delivers the blow 
by which ore is reduced to a snitoble size for further 
treatment in the processes of separating the valu¬ 
able constituents. (2) A Stamfing Machine (q.v.) 
(3) A Stamp Mill (sj'.v.) See alto Slime and 
Stampe 

StampiBg (Textile Han^fac.) The operation of 
punching the cards for the harness loom according 
to a given design. 
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Btraping Maolibie, Stamping Pmsb. (1) A 

machine used for forming metal articles, generally 
in the rongU. (2) A machine, generally worked by 
power, for forming hollow metal utensils. The 
shaping is effected, not by a blow, but by a con¬ 
tinuous pressure brought to boar on the dies. 

Stamping Press (Bind.) See Blookikg Pbess. 

Standings (JEng., etc.) Metal objects produced 
by means of dies actuated by a press or stamping 
machine. Some metals may be used in the cold ; 
others require heating. Among the latter is wrought 
iron, stampings of which are frequently mt^e, 
thereby saving much labour in the foi'gc. 

Stamp Hill (Met.) A inac;hine or set of machines 
for crushing ore by means of vertical blows. 

Stamps (.Vet.) Another name for Kobliks. Also 
the rough bars of about 28 Ib. each obtained by 
nicking or partially cutting through a bloom or 
noblin. The stamps are broken to judge the grain 
of the metal before preparing a “pUc" in the i>ro- 
duction of malleable and sheet iron. 

Stanchion. A vertir.a] bar or post serving as a 
support ; e.g. an iron column (which may bo built 
into a wall) (trying the end of a girder. 

Stancliffe atid Darley Dale Stone. <Scc Build¬ 
ing SaONKS. 

Standard. A fixed measure, weight, value, or 
quality, establi.'-hed by law or sanctioned by usrige 
and general consent, which serves as a definite unit 
of coinpari.son. A flag or banner serving as the 
emblem of a government or society; an ensign. 

- (Build.) (1) A vertical stipport (••/. Ktasd- 

AED, Eug.) (2) A vertical pole of a scaffold. 

—— (Eng.) A term applied in a very wide sense 
to various supports, upright framing, etc., forming 
part of a machine, bridge, pier, or other stmeture. 

Standard Candle. A sperm candle, consuming 
120 grains (about 7*8 grains) of wax per hour, is 
taken as a standard of illumination, and the amount 
of light it affords, termed One Candle I*oweb, is 
used in determining the illuminating power of other 
sources of light. The two lights are compared by 
some form of Photometer {q.v.) 

Standard Diets (Hygiene^). See Foods. 

Standard Gold (Met.) See Carat. 

Standardisation. (1) The comparison of any 
measuring or recording instrument with another 
of greater accuracy, or with one whose errors arc 
exactly known. (2) In engineering, etc., the pro¬ 
duction of component parts of machines or structures 
in accordance with certain sets of measurements 
previously agreed upon. 

Standard Role (Eng.^ ete.) A rule divided 
exactly into inches, etc., as distinguished from a 
Contbactiok Bulb (q.v.) 

Standard Solntions. For the purposes of volu¬ 
metric analysis, and for a great number of different 
purposes in chemistry and other scieutifle and 
technical work, it is necessary to have solutions of 
various substances of accurately known strength; 
this strength is generally chosen with reference to 
some convenient standard depending on the precise 
use for which the solution is required. For example, 
solutions of an acid and of an alkali may be so 
made up that equal volumes exactly neutralise each 
other; in this case the quantities (by weight) of the 
acid and alkali contained in -equal volumes of the 


solution arc proportional to their respective reacting 
weights, A solution containing 36-5 grams of HCl 
will neutralise another containing 40 grams of NaOH. 
If the two amounts are each contained in 1 litre of 
solution, the latter is termed a Normal BolutiOn. 
A Deci-nobmal Solution is one-tenth of this 
strength, and so on for other strengths. Standard 
solntions may, of course, be made of any other 
strength (subject to the solubility of the given 
snlistunce); e.g. a solution of silver nitrate may be 
made so that 1 c.c. will exactly correspond to 
1 milligram of common salt or 1 milligram of 
chlorine. 

Standard Time (Astron.) The time at every 
meridian fifteen degrees apart, commencing with 
the Greenwich meridian. 

Standard Wire Gauge. Wire Oauoes. 

Stand Pipe. (1) large vortical pipe at a water 
source, into wliich water is forced in order to obtain 
sufficient pressure to carry it to a distance. (2) A 
small vertical i>ijie haiing direct connection wilh a 
water main. (S) A pipe suflleiently high to force 
water into a boiler against, steam pressure, 

Stanford’s Patent Drain Joint (<S(ra.) is one in 
which the sjiigot and .'focket end.s of each pipe arc 
7 )rovidcd wdth a mould of smooth plastic material, 
causing them to fit accurately into each other. By 
greasing the prepared ends with rosin and melted 
tallow a perfect joint is formed. 

Stsulhope Press. See TYPOGUArny. 

Stannates (Vhem.) See Tin Compounds. 

Stannic, Stannous, Stannum ((hnn.) Stannum 
is the Latin name for tin ; from it tlic chemical 
symbiil fOT tin, So, is derived. StJimiic is llic prefix 
af>plied to tetravah'iil tin comjiounius. Htannou- is 
the prefix applied to divalent tin compoumls. See 
Tin. 

Btannine (Bln.) A sulphide of tin, copiicr, and 
iron, CUj,S(Fc,Zn)H . SnSj,; tin = 27, copjier — 30, 
iron = 13, snlphur=30 per cent. Also called Bell 
Metal Ore and Tin l‘yrite.s. Cubic; colour greyish 
nr bronze (hence Bell Metal Ore). If abunilaut it. 
is used ns an ore of tin. From several localities in 
Cornwall, from Zinnwald in Bohemia, etc. 

Staple (Build., etc.) A piece of metal rod or 
wire pointed at the ends and bent into the shape of 
the letter U. 

—— (Textile Manufac.) In the woollen and 
worsted trades a lock of wool. The quality and 
properties of wool arc determined by the strength, 
length, and elasticity of the staple. For cotton, 
eee under GBADINO. 

Starch (Chem.) A white powder, 

with or without lustre, acconiing to its source. It is 
composed of small grannies, having an organised 
structure, but varying greatly in this respect and al8i> 
in size. Starch from various sources can be identified 
by a miscroscopic examination of the structure and 
size of the granule. .For example, potato starch 
consists of circular or oval granules marked with 
rings, and a circular or stellar hilum, and a size from 
‘Ofi to ‘1 mm. Starch ordinarily contains about 
20 per cent, of water; if exposed to moist air,this 
amount may be much exceeded. It loses its water 
in a current of dry air at 100® to 106®. Doesnot melt 
when heated. Ordinary starch at 160® is converted 
into dextrine (British gum), which is soluble in 
water. Perfectly dried starch is not decompoble iv 
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160“, but is decomposed at higher temperatnreB. 
Starch is insolnble in cold water, but when made into 
a paste tnth cold water and then heated the granules 
are gelatinised, the temperaiurc at which this occurs 
varying with the kind of starch. If the cold paste 
(6 grams starch to 100 cc. water) bo acted on by 
diastase for a few minutes only and then filtered, the 
solution contains starch, and an insoluble residue 
remains on the filter paper. The soluble part is 
called starch granulo.se, and the insoluble fiart starch 
cellulose, and it is the former which gives the dark 
blue colour with iodine. When the product of the 
action of diastase jnst referred to is quickly boiled 
to destroy the enscymo, filtered, and then concentrated, 
a white precipitate separates on cooling. The 
precipitate, allowed to stand a few days, and then 
well wnslted with water, gives Roluhle Stahch. 
Tliis variety of starch is completely, but rather 
sparingly, soluble in water; it is a colloid; its 
HoUitioa is dextrorotatory, gives a bine colour with 
iodine, and doe.s not reduce Fchling'.s solution. 
Boiling dilute acids convert starch first into solidfie 
starch, then dextrine and maltose, and finally into 
dextrose. The action of nitric acid is very various. 
Fuming nitric acid (.sp. gr. l-o) gives an explosive 
nitrate or mixture of nitrate.s; a more dilute acid 
gives saccharic acid {q.v.)', prolonged boiling with 
sucli an acid (sp. gr. 1-2) gives finally oxalic acid. 
With the diluted uci<l large quantities of nitric 
oxide and nitrogen peroxido. are evolved. Iodine 
gives witii starch a deep blue colour, which dis- 
appv'ais on heating and reappears on cooling. What 
the blue compound is is quite unknown. Its [to- 
duction serves as a very delicate test for starch or 
iodine (it will <let«ct ’000003 gram ifaline). The 
action of diastase is very important. W'lien stai’ch 
)iastc is acted on by diastase at tiO"', the starcli paste 
becomes quite thin, and loses its ]>o\vev of giving a 
blue colour with io<line, acquiring instead the power 
of giving a browni.sli-red colour, and la.stly it lo.sea 
this power. The final products are maltose and 
dc.xtrinc. Potato starch gives more dextrine and less 
maltose than any other staich. 

PllEPAKATION AND (‘OMMBUCIAI. USES: Starch 
is used for a great v ariety of purposes : as a foo<l in 
the form of tlie various cornflours, for infants' foods, 
and as arrowroot, etc.; for sking paiicr and cloth, for 
the preparation of British gum and glucose, for 
laundry purpose.s. It is prcpired in England chiefly 
from rice, in America from mauc, in Uermany and 
France from pitatoes. Various processes axe em¬ 
ployed, but all arc in the main mechanical. One 
process from rice is to digest the rice with very dilate 
caustic soda (about 1 in 3o0) solution for twenty- 
four hours, the liquor is drawn off, and the residue 
washed with water. Tlio caustic soda removes the 
gluten which binds the starch granules in the rice. 
The residue is ground to powder, which is then 
sieved, and the fine product again treated with 
alkali as before, only it is frequently stirred during 
the twenty-four hours, ancT then left to stand seventy 
hoars. The liquor is run away, the residue well 
stirred with twice as much water as soda solution, 
left an hour, and the turbid liquid, which now only 
contiiins tlic starch in sus{)ensiiiu, run through fine 
silk sieves. The sieved liquor deposits the starch on 
standing, the water is drawn off, the starch drained, 
and dried in a current of air (six to eight weeks). 

Stajrali (Fiwrfa). This exists in various farinaoea 
in the form of microscopic grannies, differing in form 
and size according to their origin. When acted upon 


by the saliva and pancreatic juice it becomes grape 
sugar; this, when taken up by the blood, is cauxied 
to the liver, where it becomes glycogen (g.v,), and 
from thence is supplied to the system. Aw also 
Htabch (Chsm.) 

Stop Charts (Astron.") Maps on which the relative 
positions of stars are plotted. The positions axe 
determined from observations with the transit circle, 
or more recently from photographs. 

Star ConaectionB {Meet. ISng.') An arrangement 
of tlie coils of a three phase motor, such that they 
liavo a common junction. 

Star Hagnitades (Astrm.') Stars were classified, 
long before the telescope was invented, according 
to their relative brilliancies. Those which appear 
largest and brightest are tenner! Stars of the First 
Magnitude; the next, stars of the Second M^:nitude, 
and so on to the smallest stars visible to the naked 
eye, which are said to be of the Sixth Magnitvrde. 
Tlic telescope has, of course, greatly increased the 
number, and the stars visible with a powerful in¬ 
strument are classified down to the seventeenth or 
eighteenth magnitude, or even beyond. The number 
of stars jn each magnitude is approximately given by 
Sir llobert Ball as follows : 


^Ist magnitude 

20 

1 2nd 

66 

, :'.rd 

190 

i 4th 

42S 

5th 

1,100 

VGth 

3,200 

(Tth 

. 13,000 

{ Sth 

. 40.(X)0 

ifiih 

. 142,000 


Star Moulding {Architect,) An enriched Korman 
moulding consisting of a scries of sunk stars. 

Starting Engine {Mtg.) A subsidiary engine 
used on stcamslii 2 >s to set the main engine in motion. 

Starting Gear {Eng.) A term which comprises 
the whole of the mechanism called into action in 
order to start the motion of an engine or other 
machine. 

Starting Valve (Eng.) lire valve in a steam 
engine which admits steam from the boiler into the 
steam chest. 

Star Wheel {Eng.) A i-atchet wheel with large 
pointed teeth. It is used in various forms of ratchet 
feed, as, for example, on self acting lathes, when 
emi/loyed in surfacing {q.v.) 

StasBfurt Deposits {Clieni.) Large deposits of 
common salt and potassium and magnesium salts, 
which occur at Stassfurt, near Magdeburg. They 
have been formed by the evaporation of sea water. 
The potassium and magnesium compounds occur as 
double salts in fairly tiistinct layers in the order from 
above downwards:— 

(1) Carnallite (KCl. MgrijGIIjO), with kainite 
(KCl. Mg8O,3H.,0), kieserite (MgSO.H^OX schonlte 
(K.JiO,MgSO,(iHjO), and Bvlvine (KCl), and a good 
deal of rock salt 

(2) Kieserite (Mgfi0,H,0), with much rock salt 
and a fair amount of carnallite. 

(3) Polyhalite (2Ca80,.Mg804.KjS0,2H80), along 
with a very large amount of rock salt. 

(4) Hock salt (NaCl). 

Besides these, certain amounts of boratesand bromidea 
occur. These deposits are the principal source of 
potassium compounds for the whole world. To give 
some idea of the scale on which they ore worked. 
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it ma^ be mentioned that in 1900 about 16,400 per¬ 
sons were en^ged in working these salts at Staasfort 
and the distnct around. In 1898 the production of 
potassium salts amounted to 2,200,000 metric tons 
(1 metric ton « 1,000 kilograms « *9812 tons), of 
bromine 500 metric tons, and, in addition to these, 
large quantities of magnesium salts and boric acid. 
{See roTAssiuu and Magkesium Compounds.) 
Extensive researches on the chemistry of the forma¬ 
tion of these salts have been made with the aid of 
the I’hasc Rule, but these cannot be given here. See 
Findlay’s “ Phase Rule." 

Btassfurtite ( Geol.) A salt found in the Camalite 
region. It is a massive variety of Eoracite (y.v.) 

State {Engrar.') When an engraved plate is 
nearing completion,proofs are taken at different stages 
to test its condition. These proofs are termed proofs 
of the first slate, second state, and so on. When the 
engraving is complctetl the plate is referred to as 
being in the Final State. See Pbooi'. 

Static Electricity or Electrostatics. The pheno¬ 
mena assoi'iated with charges of electricity at rest; 
the branch of the science of electricity dealing with 
these phenomena. 

Static Fatigae {Eng.) Elastic fatigue (y.r.), pro¬ 
duced by a continuous stress. 

Static Friction. See Feiction, Static, 

Statics. The branch of theoretical mechanics 
dealing with forces at rest or in equilibrium. 

Station ( Elect. Eng.") A place at wbich electrical 
machinery or apparatus is maintained and operated ; 
e.g. a Ci:NTP.AL Station is the main building in 
which the engines and dynamos arc placed for the 
supply of current to a lighting or power circuit, A 
Tban'sfokmeb Station or Substation contain-s 
transformers {q.v.) for changing the voltage for 
distribution. 

- {Eng., etc.) (1) A building, etc,., in which 

some form of central plant is located, e.g. a pumping 
station. (2) A stopping place on a railway for 
taking up or setting down jiasscngcrs or goods, for 
shunting, making up trains, etc. 

- (Mining). A recess in a mine to provide a 

space in which cam can pass one antither. 

- (Survey, etc.) A point from which measure¬ 
ments by distances or angles are made. 

Stationary Engine (Eng.) An engine mounted 
on a fixed bedplate. 

Stationary Points (Astron.) Points in a planet’s 
appaient path where, as seen from the earth, the 
planet appears stationary or is moving in a direction 
either towards or away from the earth. 

Stationi^ Waves. Periodic displacements 
occurring in a medium between successive points, 
termed the Nodes, which remain pernianently at 
rest. They are produced when two trains of equal 
and similar w’aves travel through the medium witlj 
equal velocities, but in opposite dbections. Tlic 
onlinnry librations of a stretched string furnish an 
example. 

Stator (Elect. Eng.) The stationary part of a 
polyphase motor carrying the windings tlirough 
which the primary current flows. Cf. RoTuB, and 
see Motobs, Elbcteic. 

Statnary Marble. See Mabble, Statuaky. 

Statue. A plastic work ii> marble, bronze, wood. 


or other material, representing a human or animal 
figure, (y. Statuette. 

Statne« Moaumental. A recumbent figure on a 
slab covering a medieval tomb. 

Statuette. A statue (g.v.) the dimensions of which 
are generally less than half life size. 

Staunch (Eng.) A joint in a boiler, etc., is said 
to be staunch when it is watertight. 

StauFolite (Min.) An iron aluminium silicate, 
ITjO,2FcO, 6Al2C^.46i03; silica <= 29*3, alumina = 
53*9, ferric oxide -• 17*2 per cent. Orthorhombic, often 
in cruciform twins, whence the name Staurolite. 
Colour brown to black. It is found in some meta- 
raorphic rocks, as the slates of Devon and ComwalL 
Also in Co. Dublin and Co. Wicklow; in Aberdeen¬ 
shire ; Bwitzeriand, the United States, etc. 

Stave (Eng .) A rod projecting from a large piece 
of iron. The iron is manipulated by means of the 
stave during forging operations. 

- or Staff (Music). A set of horizontal and 

parallel lines with equal spaces between. Upon the 
lines and between the spaces the notes and re.sts are 
placed. Each line and each space is called a degree, 
the degrees being reckoned from the bottom upwards. 
The piesent staves are derived from a stave of eleven 
lines called the Orand or (Jjcnt 8tave, the lines and 
.•Spaces of whicli wore as follows *. 

riBAKn Stave. 








i3d 


pc®: 


re 


' ' . . ..I ■ 1 - 1,1 1 .. ■■■! II 

The difijcully of reading from so groat a number of 
lines brought jibout a divi.>.ion of tlie (Jrand Sta\c 
into smaller staves, ns rw^uirod, the number of line.s 
of which have vari«-d from time to time. Old njanu- 
script book.s often have slaves of six lines, the 
lines of wliioli cf>rre.sf»oud to the present Treble bta ce 
(sec below), with inuldle C line (the sixtli line of 
the Craiid Htave) .ad.led below. Plain mug i.s still 
written on a stave of four lines. Modes.) The 
stave of five linos is now used for all kinds of music 
except ritiin song. The splitting up of the Oiund 
.Slave into smaller staves required signs called clefs 
(g.v.) to indicate which set of lines had besen taken 
from the eleven. Tiic.se clefs appear to move m the 
different staves; but in reality this is not the case. 
The clef is stationary, but the lines chosen from t!ie 
Grand Btavc vary. The following show the different 
staves, and which linos of the Grand Stave were 
selected for eacli: 


1. The. Bass Stavf, 
(LiaeH 1. 2, 8. 4. 5.) 

-Tjt- 


Lines O, B. D. F. A. 
SpacL's A. C. E. (i. 

8. Th»: Tk.vou .SlAVK. 

(I.iDC» 8. 4. r>. (I. 7.) 

-O- 


2. Thk BakitokeStavk, 
(Unvs 2. 3. 4. &. 6.) 




l.lnes B. I), F. A. c. 
SyuccA C. E. a. B. 

The Alto, Couktek Tc.voa 
(or Contra lto) 8ta \ e. . 
(tines 4. 5. 6, 7. 6.) 


Lines D. F. A. C. E. 
Hyaces E. Q. B. D. 


Lines F. A. C. E. G. 
SiHioesO. B. D. F. 



STA 


STE 


4ril 


t . Thb Meczo^pbano State. 
(Linw 6. 0, 7. 6* 9.) 


0. The SopitANO Stave. 
(Linw 0. 7. 8.9.10.) 



LiDM A, D. B. 6. B. 
Space* B. D. F. A. 


Linm C. E. G. B. P.) 
Spaow P. F. A. C. 


7. The Fipsle or Tbeblb Stave. 

(Uuea 7. 8. 9. 10.11.) 

Linea E. O. B. P. F. 

Spacaa F. A. C. E. 

The note shown on each stave is Middle C,«.«. the 
6th line of the Great Stave. Of these seven staves 
Nos. 2 and 6 are obsolete, and Nos. 3, 4, and G 
unfortunately are rapidly disappearing. This, in 
the case of the Tenor and Alto staves, is to be 
greatly regretted, for music for these voices can 
readily be written at the proper pitch on their 
resixjctive staves, whereas with the modern notation. 
i./‘, employing the Treble stave for the Tenor and 
even lor Bass songs, the notes, of course, are an 
<ictave higher than they ai-e sung. (iSee Scobe.) 
WTien the compass of a piece exceeds that which 
can be written on the stave, short lines called Leger 
linos (fjr.) are added above or below the stave. 
With the exception of those aliove the Treble or 
below the Bas.s, the.se leger lines arc simply other lines 
borrowed from the Great Stave. Hence, the first leger 
line above the Bass stave 0 is the same a.s the first 
leger line )>elow the treble stave t!, and is known as 
Middle C It is unusual to use many leger 

lines, but when the note or notes arc exceptionally 
high or low, tl'.e notes are written respectively an 
octave lower and the sign five .. . added as an indica¬ 
tion that they are to be jjerformed an octave higher 
than written; or the notes are written an octave 
higher and 8va bassa . . . added as an indication that 
they arc to lie iiorftirmcd an octave lower than written. 
iSlew aho Loco. 

Stay (A bar used to strengthen or stiffen a 
structure. <Si'c al»o Htbvt aud 'JTli Bod. 

Stayed Link Chain A heavy chain in 

which each link is .strengthened by a bar welded to 
the link, 'giving the latter the form of the Greek 
letter ff. 

Staying Build., tir.) Strengthening any 

object by the iwldition of slay.s; boilers, iron roofs, 
and all large engineering structures supply abundant 
exam (lies. 

Stay Tap (£«</.) A long Tap (r/.r.) used in 
screwing lioles in the shells of boilers for the reception 
of the ends of stays. 

Btay Tabes (Eng.') A boiler tube Boilebs) 
which serves to stiffen the shell of the boiler in 
addition to its function as a tube. 

Bt. Bees Sandstone A local development 

of the Hunter Series of the Trias or Upper Now Bod, 
occurring chiefly in Arran, Ayrshire, Dumfriesshire, 
C’umberland, and Westmorland. It is well seen at 
8t. Bee.s, on the Cumberland Coast, near Whitcliaven, 
where, however, only its lowest third lemains. The 
full thickness is to be seen only in Arran and near 
Ousby in Cumberland, whore it amounts to 2000 ft. 
In the noith-west of England it i.s underlaid by the 
Bunter Moris, in which the gypsum quanies are 


worked; and it is overlain there by the Senper 
Marls, which are about 900 feet in thicknW 

Stead y or Back Best (En-g.) A support used to 
prevent oonding of a long piece oi work which is 
being turned in the lathe. 

Steadying Bands (Oatto7i Sjnttning), Check bands 
on a mule for keeping the carriage “ square ” when 
running out. 

Steady Pin (A%., etr.) A doweil (?.».) or pro¬ 
jecting pin which prevents the relative motion of 
two parts of an object. 

Steam. —^Thc vapour of water, usually applied to 
the hot vapour given off at the boiling point (212° F. 
or higher). True steam is invisible, the white cloud 
often termed steam being really a collection of fine 
drops of water formed by condensation. If water 
be allowed to evaporate into any closed space, the 
process will go on np to a certain point, beyond 
which no more vaxionr will bo formed unless the 
temperature be raised, or the jiressure lowered by 
allowiug some of the steam to escape. The steam is 
then said to be Patueated. Saturated steam can 
have but one temperature corresponding to any 
given pressure; but if the steam be removed from 
contact with the water, its temperature may be 
raised just as that of any other gas may be; the 
steam is then said to be Sitpebheated. The relation 
of the pressure and temperature of saturated steam 
is thus given by Ewing :— 


Teni;ieratnre 

PreiBure 

(Fabri'iiheit). 

(lb. ijer 80 , in.). 

212 ° 

14-7 

230° 

20-8 

276° 

45-5 

302'' 

69-2 

347° 

129-8 

401“ 

2S0-3 


By plotting a curve with these numbers for absciss® 
and ordinates, the pressure of saturated steam for 
any intermediate tcmperiiture can be readily found. 
Tlie Total Heat of steam is the amount of heat re- 
<piired to raise 1 lb, of water from the freezing {loint 
(32° F.) to it.s boiling point, and then to evaporate 
it under constant pres-surc. If t be the temperature 
of evaporation (or boiling point) then H, the total 
heat, is given bj the equation 

II = 1091-7 + -305 (t - 32°). 

Saturated steam may bo mixed with a certain 
quantity of water, usually in the form of suspended 
drojis : it is then termed WET STEAM. 

Steam Boiler (Eng.) See Boileb, 

Steam Brake (Eng.) A form of brake used on 
locomotives, in which the mcolianl<m for applying 
the brake block is worked by a cylinder and piston 
.supplied with steam from the boiler. 

Steam Chest (Eng.) (1) A Valve Box or Cbest 
(g.r.) (2) A receptacle on the top of a boiler in which 
steam can collect, and from which the steam pipe 
leading to the cydinder runs. 

Steam Coal (AV/.) Coal suitable for use in 
boilers. The be.st form is Axtheacite. Scp Coal. 

Steam Cock (Etig.) In general any tap use<i for 
controlling a supply of steam, especially a tap or 
cock opening into a boiler above the water line. 
It sen-es to show, when opened, whether the boiler 
contains too much water. 

Steam Coil (Build., rtc.) A coil of pipe through 
which a current of steam flows; used in heating 
buildings, etc., by steam. 
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Ste n*-" Corner ( JShig .) The corner of an Is dic ATOB 
Diagkam O/.v.) which shows tiie end of the process 
of exhaustion of the steam and the commencement 
of the admission of fresh steam. 

Steam DistOlation (CAem.) ^ihe Distillatiok. 

Steam Dome A Stkam Guest on 

top of a boiler. 

Steam Economiser See Toilers and 

Ecuxomisebs. 

Steam Engine* The steam engine is a mechanism 
for obtaining mechanical energy from the beat 


energy given to the steam in the boiler is con¬ 
verted into mechanical work in the engine. By far the 
greater portion still remains in the sti}am after it has 
pa.ssed through the engine. The proportion of beat 
utilised deptmds on the thermal elhciency of the 
engine, amounting from 12 to 15 per cent, in good 
condensing engines; in the very best engines of 
large size it may be as high as 20 per cent. The 
conversion of energy is eflectwl by admitting a 
quantity of sto^am into the engine cylinder and 
allowing it to o.vpand, the cxi'ian.sion causing the 
pi.-.ton to be pushed forward. The dlsjilacemcnt, 



energy stored up in steam. This beat energy is 
derived from the combustion of fuel in the boiler 
fire, and its presence in the steam accounts for the 
physical change which the water in the boiler has 
undergone during the process kuown as evaporation. 
The steam is produced from water at a pressure 
considerably a^ve that of the atmosphere, and is 
delivered to the engine with as little loss of pressure 
and heat as possible. The higher the pressure of the 
steam, the greater will be the amount of heat avail¬ 
able, in a given weight of steam, for conversion Into 
mechanical enei^. Only a fnCotion of the total heat 


or stroke, of the piston is limited to a fixetl length 
by the cinnk; and at the cud of the stroke the 
8i)ace occupied by the steam will be from twice 
to four times the original volume, or even more. 
Dining expansion both the pressure and temf>erature 
of the ste'am arc lowered, and the heat energy is 
reduced by an amount equivalent to the work done by 
the steam in pushing the piston and the mechanism 
attached to it through the distance represented by 
tlte stroke. This process is repeated at each sneoes- 
sive stroke of the engine, so that the supply of steam 
passing through the engine approximates to a steady 
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flow. The eogiae coosuta of a hollow CvLUrDSB A 
(«« figs. 1 and 2), closed at both ends ; inside it ts the 
Piston b, a slidii^ partition which fits the bore of 
the ^linder snfficientlf closely to prevent the steam 
leaking past it, bat having sofScient freedom to allow 
it to move from end to end of the cylinder with as 
little friction as possible. This is effected by the 
I’WTON BiNQS c, which arc made slightly larger in 
diameter than the cylinder bore, but have a samcient 
portion of their circamference cut away to allow of 
their being sprung into the cylinder. Passages, or 
I’OBTS, DD, are provided nt the ends of the cylinder, 
by which the steam can enter or leave. These ports 
are opened and closed by the ShlDB YAhVE B, the 
movement of which is actuated by the piston in the 
manner described below. The Piston Rod f, which 
is rigidly attached to tlie pislon, is oi circular section, 
and has its centre line concentric with the piston 
and cylinder. It passes out through one end of the 
cylinder, and is somewhat longer than tlio latter, so 
that a portion of its length is always outside the 
cylinder. By this mciins the connection is made 
between the jiiston and the external moving parts of 
the engine. The hole in the cylinder end, through 
which the rod projects, is made steam-tight by the 
tiLAND o, which fits round the rod closely, at the 
same time producing as little friction as possible. 
I’lie extermd end of lh(> rod is rigidly attached to 
the Cbossiiead h. n >>lock sliding on the Factno j, 
to which it is held by (Juides k k. the arrangement 
serving to keep the axis of the piston and piston rod 
in line with that of the cylinder. If the engine is 
intended to produce rotary motion, the crosshead has 
a CoNNECTma Rod l attached to it by means oi the 
Cbosshead Pis m. This pin passes through the 
end of the connecting rod and the centre of the cross- 
head, forming a joint, so that tlic rod is free to 
follow the moveujcnts of the Cbank n, to wliich 
the Ollier end of it is attacheii. A bearing o is 
provided at the crank end of the connecting rod, in 
which tlie Cuank Pin p rotates as the Ckank 
IShapt q riiolves. The crank pin, Ce.ink Cheeks 
BB, and shaft all form one lighl piece, which is 
carried in the Cuank Shaft Bbabings bs, placed 
as near to the crank as possible. t)u the shaft, 
close to one "of the bearings, is fixed the Ecchntbic 
T, which actuates the SLIDE Valve e by means of 
the Eccenteto Rod v and Valve Rod w. The 
valve rod pusses through a Gland y into the Valve 
Chest x, and is rigidly attached to the valve. 
The latter (shown in the form known as the Piston 
iSLiDE Valve) fits the Linebs 11 much in the same 
way as the piston fits the cylinder. It, however, 
fits only along the two end portions of its surface, 
the intermediate portion being recessed to a smaller 
diameter, in order that the annular space thus formed 
may serve as a passage for steam in certain positions 
of the valve. Y is the Steam Inlet I’ipb, and from 
it, when the valve is in the right position, steam can 
enter the top portion of the cylinder o by means of 
the annnlaj qsace dt wliicb is formed between the 
liner I and tlm middle portion of the \alve body, 
thence through the bole a in the liner and along the 
port D. The stdmlssion of steam into the bottom 
portion of the cylinder, on the upstroke, is similar, 
z is the EXHAVST Pipe, by which the steam on 
leaving the cylinder passes away to the condenser or 
escapes into the atmosphere. From the npper port d, 
its passage is by means of the hole a to the top 
part of the valve chest c, thence through the Imllow 
portion of the valve body into the lower part of 
the chest and out at z. From the bottom port 


the steam passes through the hole in the liner 
direct into the lower part of the valve cheat 
and oat at z. The action of the engine is as 
follows: When the piston is at the top of its stroke, 
the position of the valve is such that Admissiok oi 
steam takes place from the body of the valve chest 
to the space a, and the pressure of the steam tends 
to force the piston downwards. If the engine shown 
in figs. 1 and 2 were at a standstill, with the piston 
I at the top of its stroke, no movement would take 
place, as the crank is on the Dead Centbe (g.v.) 
The engine must be assumed to be already in motion. 
During the downward movement of the piston, steam 
continues to flow into the top of the cyUnder till a 
certain fraction of the stroke is reached, when the 
valve closes the hole «, and the supply of steam is 
Cut Off. The iniprisoned volume of steam then 
begins to expand, pushing the piston farther down¬ 
wards, thougli with continually diminishing pressure, 
till its stroke is nearly completed, when the valve 
ojiens the top port D to the exhaust. Just before 
the piston comes to the end of its stroke, the lower 
I>ort D is opened to steam by the valve, and the same 
process is repeated in the bottom portion of the 
cylinder during the upstroke. While the greater 
portion* of the upstroke is taking place the top 
port remains oiteii, and the steam continues to 
Exti.mtst until the piston is near the top of its 
stroke, when the valve closes the port again. The 
imprisoneil steam is then compressed during the 
remainder of the stroke, its pres-sure at the same 
time continually rising. This Compeession produces 
a cushioning effect, vhicli assists the reversal of the 
motion of the piston, and also tends to improve the 
; thermal efficiency of the engine by reducing clear- 
i once lo.sses and initial condensation. As the piston 
i gets to the top of its stroke the valve again opens 
and admits steam above it, and the whole process of 
admission, cut off, exhaust, and compression is re¬ 
peated. 

There are many different types of engines, the 
I jiariicuhar design deiJending generally on the class of 
work for wliioh the engine is intended; but distinct 
tyjies are often employed for the same kind of work. 
For the puriwsc of dealing with the chief points 
of difference the follov\ ing several classifications are 
employed: 

1. (hmdensiug and Non-Condensing. 

II. Simple. Comj'onnd, and Multijile Expansion. 

III. High Speed and Slow Speed. 

IV. Vertical, Horizontal, Beam, Rotary, etc. 

V. Marine, Locomotive, Electric Generating, 
Pumping, Mill Driving, Winding, etc. 

I. Condt-nsitu/ anil KoH-C(yiiden»ing JCngini’t .—A 
Condensing Engine is one in which the steam, 
on leaving tlie cylinder, exhausts into a condenser, 
where the pressuio is maintained as much below 
tliat of the atmosphere as po-'isiblc. By this means 
the back pvcssnrc, i.e. the retarding pressure on the 
other side of the jiiston, is reduced, and it is possible 
to have a higher tlogrec of expansion in the cylinder, 
and so to convert a larger fraction of the heat energy 
contained in the steam into mechanical work, than 
is the case with the NoN-t''ONDEXPlNG Engine, The 
latter simply exhausts its steam into the atmosphere, 
and can, therefore, only have the expan':ion carried 
to a pressure slightly above that of the atmosphere. 

II. Simple Enginet, Corngfound and Multiple Ex- 
pansim Engines ,—In the engine shown in figs. 1 
and 2, and described above, the whole expansion of 
the steam takes place in one cylinder. The amount 
oi expansion or number of expansions” is the 
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ratio of tbe volume occupied by the steam at 
the beginning of the exhaust, to that occupied at 
the moment of cut off; and it would at first sight 
appear that this is only limited by the relative 
amounts of the pressure of the steam supplied to 
the engine, and the pressure of the atmosphere or 
condenser into which it exhausts, and that the best 
results would be obtained when Uie ratio of expan* 
sion was as near to this limit as possible. It is 
found, however, tliat beyond a certain point the 
gain by increased expansion is more than counter* 
balanced by other losses, both mechanical and 
thermodynamic, which arc intro¬ 
duced, and also by the increased 
size and cost of the engine. By 
allowing tlm steam, after ex¬ 
hausting from one cylinder, to ex¬ 
pand further in a second cylinder, 
both pistons being connected to 
the same shaft, the ratio of 
expansion giving the best economy 
is considembly increased, and witli 
it the thernnil efliciency of tlm 
engine. An engine with two 
cylinders arranged iu this wa.v 
is called a (’ompound EsojNJi: 

(»ee figs. 5, 7, etc.), while an 
emgincMn which tlie expansion vertuale\’.in-f. 
is completed in one cylinder is 
called a f-'niPLE Exkixe (»er figs. S, 4, 10, etc.) 
The expansion may be still furtlier increased with 
advantage in large condensing engines by employ¬ 
ing three cylinders, in each of whicli successive 
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stages of the expansion take place. An engino 
of this sort is known as a TwrLB Expansion ; 
Engine («ec fig. ii). Quadboplm E.xpaxsiox : 




Fic..«. 

Tnipi.e Expaxsios Escise. 


Engines, in which there are four cylinders, e!icl> 
forming a separate st'igc of the expansion, are also 
built, chiefly for the largest class of marine work. 

Ill, JTltjh atul Shto H^ed Enginci ,—This cla-ssifl- 
cation is a rather indefinite one; tlie size of an 
engine must be taken into consideration as well as 


tbe actual speed In determining which of these 
classes it belongs to. Up to 70 or 80 doable strokes 
per minute would be considered a slow speed in a 
small engine, while in one of very large size it 
would be considered high. The engines of torpedo- 
boat destroyers, and some of the smaller engines 
for driving electric generators, mn at ns many as 
400 to 600 revolutions per minute, and are considered 
very high speed. Large pumping engines only make 
from 20 to 40 double strokes per minute, and are 
probably the slowest type of engine built. 

IV. Vertical, Horiumtah Beam, Itotary, atid Other 
Eng-ines. — Engines are cltissed as Vertical or 
Horizontal according as the axes of their cylinders 
are vortical or horizontal (^nee figs. 3 and 41. Some 



engines have one cylinder vertical and the other 
horizontal, as shown in lig. 9. BEAM Engines may 


m 
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CoMRlKED ViSRTICAI. AKU HORlZOXTAt. ExOIXE. 

liave citlier verLical or horizontal cylinders. Tlie 
pistons and driven nuichanism are connected to the 
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ends of a large beam, supported by a abaft passing 
through its midpoint. When the engine is a vertical 
one the lieam is straight, as shown in fig. 9; and 
when horizontal the beam is ma<lo in the form of 
a bell crank, as shown in fig. 10. The straight 




Till 11. 

SaOKIlERHOOP Ksgine. 


J'lr,. 10.—PusfpiSG Enuise with QuAUttANT Beam. 

beam the more usual type, but both arc now 
nearly obsolete. The llBO'iTfiniiHoon E^Gl^’E con- 
sisbs of three cylinders placed witli their axes at 
120'* to one another, as shown in llg. IJ, all three 
connecling rods being coupled to a eomuion crank 
pin. Tlic pistons are single acting, i.e. the steam 
is admitted to one side only, 
and the Ijfwly of each piston is 
leugtliencd out, so that no 
crosshcail or piston rod is 
reijuired. Tlie cylindtirs of 
iioth horizontal and vertical 
engines arc often placed one 
heliitid the other witli their 
axes in line, so that a eominun 
jiistcm rod serves for hotli. An 
arr,angeineiit of this sort is 
known as a Tandem Engine 
(jaee tig. 7), as distinguished from the SlDE-BV-SlDE 
type, .sliown in tig. 5. A ISOTaky Engine is one in 
which tl e motion of the piston is rotary, instead of 
taking y>laeo in a straight line; but the term is some¬ 
times applied also to all engines producing rotary 
luiition. There aro a good many tyiies of this class, 
but they arc not n.se(l to any great extent for 
liraotieai purposes. I’he 
general princiyilc of the 
rotary engine is show’n 
in fig. 12. A moditica- 
tion of this class is the 
kipiiERiCAL Engine. 

V. Marine, JjOcarno~ 
tire, Jilce*ric Generat¬ 
ing, PvnqtiHq, Mill 
Driving, Winiing, anA 
Other Engine,*, — In 
many cases dist inct 
tyyies of engines have 
been developed to jier- 
form imrticular dutie.« 
or to work in special 
positions. Mabine En¬ 
gines are probably the 
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most nnmerons class, and are built In sizes Sax 
exceeding those of any other tyyie. ITiey are con* 
densing engines, and are either cmnpovnd, triple, 
or quadruple expansion. For driving screw vessels 
the vertical type is used, with the cylinders above 
the shaft. For small paddle steamers the cylinders 
are usually below the shaft, and, as the height 
of the latter above the bottom of the boat is 
limited, the cylinders are fixed on trunnions, which 
allow them to oscillate and follow the movement of 
the crank, thereby di.speusing with crossheads and 
connecting rods. In large paddle boats the cylinders 
arc fixed at an angle to the horizontal, crossheads 
and connecting rods being used. 3?his is known as 
the Diaoonae type. Locomotive Engines are, 
from the nature of their work, always horizontal and 
nun-conden.sing. They consist of two or more 
cylinders, ihe cranks being yjlaced at right angles 
for two cylinders in order that the engine may be 
able to start in any position of the cmnks. A con¬ 
siderable number of locomotives are built with 
compound engines. Engines fob Dbiving Electbic 
Genebatobs arc of many different types. Ju large 
sizes they are compound or triple expansion, and, 
where possible, aro (jondensing engines. Both hori- 
zontal*and \ertical engines are used, but the latter 

t. tpc is becoming the more common of the two. Its 
advantage lies in tlie saving of floor space, owing to 
the smaller area occupied and the fact that, on 
account of the higher speed at which it can be run, 
the engine sh.'ift can be coupled direct to that of the 
generator, in.stuad of requiring a rope or belt drive, 
as is the case with horizontal engines, Tumping 
Engines of recent design are arranged to dri^c 
direct, i o. tlie piston rod 
of the engine is in 
line with and rigidly 
attached to that of the 
pump (nee Fig. 13). 

Very often a flywheel 
is attached, by mcuiis of Fm. is.—I’ lmi’isu Enguci.. 

a connecting rod or rods, 

to a cros.<^head fixed at some convenient point on 
the piston rod. Both vertical and borizonlul engines 
are employed for pumi>ing. In the older types, 
Iw'am engines, with citl'er stniight orf]uadrant bcam.s, 
w’ere u.sed. Fur Miel Deiving, comjxiund or triple 
cximnsion engines are employotl, and are alniost 
always coiidetising. The horizontal type is most 
largely used for this class of work, althoiigh vertical 
engines and, in a good many instauccs, betim 
engines, arc also employed. Winding Engines are 

u. sed for lifting coal qr other minerals to tl'.o 
surface, and are always l-ori/ontal. In a few recent 
instances they arc arranged to work condensing, but 
the usual type is iion-coutleii.sing. Tandem coiuiwjund 
engines arc sometimes employed for the heaviest 
class of winding. Except in very old engines, all .sizes 
arc built w-ith two cylinders or sets of cylinders 
arranged one on each side of the winding drum, 
the cranks being fixed at right angles.—W. B. S. 

Steam Engine Indicator (Eng.) See Indiuatob 

PlAGltAMS. 

steam Gauge iEng.') An instrument for measuring 
the pressure of steam. In the most usual form 
steam is adraif.tcd into a tube of elliptical section, 
closed at one end ami bent into a circle; this tube 
tends to straigliten out under the action of the 
pressure inside, and a certain amount of movement, 
of the end of the tube is produced. This movement 
is transmitted to an indicating lever or arm, by 
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which it u magnified; the free end of the am 
moves over a dial whose divisions show the actual 
pressure of the steam inside the bent tube. 

Steam Hammev (JSn^.y This consists essentially 
of^ heavy mass of iron or steel, moving in vertical 
guides and raised by means of a rod and piston 
working in a steam c}dinder placed vertically above 
the guides. The hammer is raised by means of steam 
admitted to the cylinder, and either falls by its own 
weight, or else the force of the blow is modified by 
admitting steam above or below the piston. So 
perfect is the control which a skilled man can exert 
over a steam hammer that a nut can bo cracked on 
the anvil without injury to the kernel. Steam 
hammers are used in all heavy forging operations. 

Steam Hammer Type (.Eng.') An engine of the 
marine type, in which the framework resembles the 
form of a steam hammer. See StkAM Engines. 

Steaming (1) (Jetting up steam in a Uuler. 

(2) As applied to a steamship, propelled by its own 
engines. (3) In general language, giving off ste.ara or 
vajwur. 

■— (Tiirfilr ^lanvfae.) I’roces.s of blowing the 
cloth with steam after pressing, to take off the 
excessive gloss or glaze. 

Steam Jacket ( Eng.) A hollow casing round the 
cylinder of an engine. The sjifice between the 
lylinder and the jacket is kept supplied with hot 
steam from the boiler, in order to maintain the 
temiierature of the cylinder, and thu'- prevent 
condensation of the steam inside tlio latttir. 

Steam Jet (Eng.') A current of .stcatn i'isiiiiig 
from an opening or ntjzzlc. It is used for various 
purposes: to supply water vajHiur in the pro<luction 
of various kinds of producer gas, to aid the 
production of draught through the furnace in 
locomotives, to clear noxious gases out of a well 
or shaft, etc. 

Steam Joints (Eng.) .Joints in engines, stiam 
pipes, etc., which arc rendered steam-tight by tlie 
use of suitable packing materials. Tiie material 
used must bo one which can l>c forced by pre.‘<surc 
into the interstices of the jfiint, and which wdll 
not afterwards crack, shrink, nor decompo.'>o rapidly. 
Bubber, various fabrics, and soft metals, such as 
lead or copper wire, are used. 

Steam Lap (Eng.) Si^e Slide Valve. 

Steam Line (Eng.) The upper horizontal part 
of an Indicator 1'iagkam fjr.r.), which shows the 
entrance of steam at uniform pressure. 

Steam Nozzle (Eng.) Thu jet by which steam is 
discharged into the chimney of a locomotive, in order 
to increase the draught through the furnace. 

Steam PaSM^ez (Eng.) The Ports of a steam 
cylinder. See Bteam Engine Slide Valve. 

Steam Pipes (Eng.) The pipes, of iron or copper, 
which lead steam from the boiler to the cylinder of 
an engine. 

Steam Ports (Eng.) See Steam Engine and 
Slide Valve. 

Stesm Pressure. See Steam. 

Steam Reversing Gear (Eng.') A small subsidiary 
cylinder for actuating the gear which moves the 
.slotted link in the valve gear of large engines that 
liave to be reversed; it is chiefly employed in large 
marine engines. 


Steam Sjpaee, Steam Boom (Eng.) The space in 
a boiler which is not occupied by water. Its volume 
varies with the conditions nnder which steam has to 
bo suppiiecL 

Steam Tight (Eng.) A joint through which steam 
cannot leak when the material of the pipe, etc,, is 
hot, is said to be steam-tight. 

Steam Trap (Eng.) An arrangement for inter¬ 
cepting water which is carried over from the boiler 
by steam, or which is condensed in the pii%s. In 
many forms of trap there is an automatic valve to 
allow l.he water to escape after a certain quantity has 
aecnniulaied. 

Steam Turbine (Eng.) See Turbine, Steam. 

Bteam Valve {Eng.) Any lalve for controlling 
the flow of steam, e.g. a Slide Valve {q.v.) 

Steam Whistle. A whistle in which .sonorous 
vibrations are set up by a .sharp-edged sheet or tube 
of inet.'il, on which a jet of live steam impinges. 

Stearic Acid (ae»H.) t’H,.(Cll.,),„.COOn. While 
sliining plalesor needles; jneltsat fili'2''; boils at 291® 
under 1(10 mm. prcs.snre; insoluble in water; sparinely 
Soluble in <‘old alcftlio]; much more .soluble in hot 
alcohol; solubh' in ether and benzene. Heated with 
pho.sphorus ]>entoxi<lo it gives stcarone 
Oceurs as glyceryl ester, tristearin, in ni-any animal 
and vegetable fats and oils. Its sodium .salt is the 
chief constituent of good soap. It i.s made by melting 
and filtering beef or mutton suet. .«apfmifyiug the 
suet by boiling witli caustic soda solution; ilecom- 
Do.siug the .soap with hydroebloricaeid; crystallisiug 
from hot alcohol; the prcs.sod crude acid i.s boiled 
with an alcohol solution of magnenium acetate, when 
a precipitate of magnesium stcaiatc founts, which is 
de<x)raposed liy boiling with hydiochlo' iu acid, and 
llic stearic acid so obhoinod is crystallised from 
alcohol. See Soap. 

Stearin (ahe eallrd I’kisteabin) ( Ckem.) (Inc of 
the chief con.slituents (tfall solid vegetable and animal 
fats. Sec Fats. It crystallises from ether in shining 
lea\<‘s. When Inatcd it inelt.s first at So®, and nn<bT- 
goes contracticn, ami tm further heating it .solidifies, 
and melts again at 72°. Slightly soluble- in cold 
alcohol; more .soluble in hot alcohol; soluble in 
ether. Idstils iinetuinged under ntilucod pressure. 
Ordinary stearin always contains tripalmitiu. 
J’ure stearin is made from moiiostearin. 


(from glycerine and sl-earic acid) by heating it with 
stearic acid in excess at 270“. Stwirin Is Largely 
used for making fatty acids in candle making. 

Steatite ar Soapstone (ffeol.) A hydrous mag* 
ncftiau silicate usually occurring in connection with 
bed.s of seriientine which have undergone dynamic 
metainorphism. (fljromite, and also Magnetite, are 
not uncommonly a.ssotiated with it. it may be 
regarded a.s a massive form of Talc. 

Steel. Tlie chemistry and metallurgy of steel are 
described under IttON; definitions are also given 
under this head of the chief varieties of steel, and 
of the various processes by which they are prorlnced 
(e.g. Open Hearth, Siemens-Martin, and Bes¬ 
semer I'BOCESS). The effect of tlie addition of 
various elements—-a g. manganese, chromium, and 
nickel—^is also dealt with. 
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The employment of steel ha^ incteaeed very greatly 
In recent yws. Originally its chief use was for cutting 
tools, weapons, springs, etc., where its properties of 
hardening and tempering were essential, and in all 
these respects steel still holds its position. It is in 
the use of CAST Btbbi. and Mild Btbhl that the 
greatest progress has been made. Castings are 
largely made from steel produced by the Open 
Hearth Process {tee Ieon), the process differing but 
little from the ordinary method of making iron 
castings. Good steel castings are somewhat more 
difficult to produce than those of iron, and require 
annealing after withdrawal from the mould; they 
however, possess greater strength. Mild Steel 
closely approaches wrought iron in composition and 
proiJerties ; like wrought iron, it can be welded, and 
cannot bo hardened nor tempered. It can be used 
for practically all the purposes for which wrought 
iron is usually employed, e.ff. plalcs for boilers, ships, 
girders, the production of thin sheets, drums, pipes, 
wire, rivets, and for a variety of electrical work. 

Steel Castings (Met., See. Steel. 

Steel Facing (A'»y.) A layer or plate of steel 
welded on to the iron body of an anvil, hammer, 
etc., to prtMluce a hard external surface. 

Steel, Harveyised. Sc Ikon (Chem.) 

Steeling (Kng.') The operation of facing with 
.«teel. Sec STEEL FACING. * 

Steel, Mild. See Ibon ((’hoe.) 

Steel Ropes (Eng.') Hopes made of thin twisted 
steel wire. See uhn tVlEE HOPES. 

Steelyard. A device for weighing, consisting of 
a lever of the first kind : the object to bo weighed is 
snspetided fioui the .short arm and a small movable 
weight is ^ll)^c^l along the other arm (which is 
gratluated) till the lever is in equilibrium, 'Die 
weight is then road off on the graduated scale. 

-, Danish. .V modified form of stoclyani 

in wliielj a constant weight is fixed at one end, and 
the fulcrnni is movable. 

Steening, Steining, or Steaning (Mining, etc.) 
Lining the walls of a shaft or well with brickwork 
or masoiijy, in order to prevent irruption of the 
surrounding .'oil. 

Steeple (ArehHeet.') The tower of a church, 
together with its .spire or lantern. 

Steering, (l) Directing or guiding the motion of 
a vessel or vehii-Ie, (2) Turning a crane, etc., about 
its vertical pivot; more often termed Slewing (^.r.) 

Steering Gear, (l) Mechanism for moving the 
rudder of a ."hip, tlie axle or steering wheels of a 
vehicle, etc. (2) The toothed wheels employed in 
slewing a crane. 

Stele, Stela (Architect, and Archaol.') (I) An 
upright stone; the term generally denotes the Greek 
t^bstoue, which was usually a vertical slab tapering 
upwards and crowned witii an ornament similar to 
an antefixa, ami known as the stele crest, above a 
simple cornice. Stolie were also used for public 
purposes, e.g. for displaying laws and decrees, or as 
boundary marks. They constitute interesting relics 
of Greek and Roman art, being often elaborately 
sculptured, ty. CiPPUfS. (2) The shaft or wooden 


part of an arrow, i.e. without feathers or head, was 
termed the stele, 

StttBdl or Stencil Plate. (1) A thin plate DiBnallv 
of metal) having letters or other designs cut through 
it; by rubbing a brush charged with some kind* of 
thick ink or paint over the plate the design can be 
reproduced on a surface against which the plate is 
held. (2) The letters or designs so produced. 

Stencillinig (Dec.") The art of ornamenting by 
means of stencil patterns. Stencilling is usually 
done in distemper, but sometimes in oil colour, by 
means of a stiff brn.sh, tlie stencil pattern being hel5 
in position by needle points. Frequently two or 
I more colours are used in a stencil ornament, a 
I different stencil being used for each colour. During 
the last few years stencilled friezes on paper ana 
various textiles have come largely into use. These 
are prepared by some of tlio wiUlpapcr manfacturers, 
and are usually executed in bl«-n«led colours. The 
stencil plates being umde of heavy copper, their 
weight is sufficient to hold the jiajjcr or texile in its 
place while stencilling is executed. A large brush 
filled with colour is employed, and, being pressed 
heaviljft upon the pattern, the colour is left very 
.strong. Wi en the brush is raised the colour liecomcs 
les.s well dfliiiod. Poi-table stencil decorations will 
<loubtles.s remain popular for some considerable time. 

Btenter (Lace Mamfac.) An ingenions improve¬ 
ment in the principle of machinery for dressing lace 
curtains whereby it liecomes a continuous process. 
The breadth of lace curtain having undergone the 
I)ri:liniir.aTy processes of colouring and .starching, is 
fed into the stenter at one end in its wot state, 

; and comes <int at the other end thoroughly dried, 
j stiffened, and calendered. 

< 

j Stenter Feeder. One of the operatives who mani- 
I pulate--the < l/ps that grasp the selvages of the lace 
i ('urtaiu ns it enters the stenter (q.v.) 

\ Step (Asy.) (1) A Footstep Beabikg (y.r.) (2) 

I The difference between the radii of consecutive 
I pulleys forming a .“iteppod or coned pulley. 

Step Faults (GcoL') The dislocation accom. 
i panyiiig a fault is 
• rarely quite simple 
I iucharactei'. More 
I often the disrup- 
{ lion is the cumu- 
j lative effect of a 
; number of small 
j faults running 
! parallel to each 
{ other, and having 
a common direc¬ 
tion of downthrow; so that their traces, when seen 
in elevation, appear like steps. 

Stephanite (Min.') A silver snlph-antimonide, 
5Ag.jH. Sb„S.j; silver=68*5, antjmony=16-3, sulphur 
= 16’'2 per cent. Orthorhombic, often massive in 
indefinite ma.sse8 scattered through the matrix ; 
eoloui' iron black, with metallic lustre. From, many 
silver mines of Central Europe in small quantity; 
from Mexico, Peru, etc. 

SteppeCendltioai (&eal.) Desert conditions (g.r.) 
such as those whidh occur m the elevated tracts of 
Central Asia. 
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Stepped FlMhlnS Lead or siac cat in 

the form of steps aud 
pinned into the joints 
at the angle where a 
roof meets a wall 

Stepped OearinS 

Toothed wheels 
in which there are two 
or more parallel rows 
of teeth, the teeth in 
the second row being 
slightly in front of those 

in the* first, and so on. A tooth in any one row 
comes into action before the corresponding one in 
the previous row is completely disengaged, and 
thereby the relative motion of the two wheels is 
made more steady and the stresses less violent than 
in ordinary gearing. 



arXPPED PLASKIKO. 


Stepped Besittanee {Elect.) An electrical resist- 
tance which can be increased or diminished by 
definite amounts at a time; usually composed of a 
number of coils in series, so connected that one, two, 
three, etc., may be included in the circuit at will. 


Stepping Boand rfe.') Dividing the circum¬ 
ference of a circle into a number of efjual parts, by 
means of dividers or compasses. 

Steps, Balanced ( Ca rjt. and JaiH .) See 1 (AmvxcKD 
STErs. 


Step Up Tpansfonaer {Elect, Eny.) A transformer 
in which the induced or secondary E.M.F. is greater 
than the primary E.M.F. See Tbansfobmebs. 

8tere> See Weights anu ^Ieascrks. 

Stereo (JViitt.) An abbreviation of the wonl 
Stebeotype (tj.r.) 

Stereochemistry. As chemical formulae arc 
ordinarily written, it would appear as if all the atoms 
which go to form the molecule of a comiwund are 
in one plane. This is probably never the case. Con¬ 
sider the compound methylene chloride (CHjCl..); if 
all the atoms lie in one plane, we should Lave two 
compound.? of this formula, 

11 Cl 

I I 

}I_t’-01 and ll-C-JI, 


whereas only one compound is known. That only 
one compound of the formula CI1.,C1, exists is ac¬ 
counted for by assuming that the carbon atom 
occupies the centre of a regular tetrahedron, while 
t he mur atoms in union with it are attached at the 
angular points. The same assumption is made to 
explain the optical belia\ionr of compounds which 
contain an asymmetric carbon atom (see Asymmetbic 
Carbon Atom); and a similar assumption is made 
to explain the optical beha^iour of certain selenium, 
sulphur, and tin compounds. See the respective ele¬ 
ments. The determination of the arrangement of 
the atoms of a molecule in space and the solution 
of certain problems arising out of this is called 
Rtereochemistry. One important problem of Stereo¬ 
chemistry is that of 8 terex>isomcrism (s.v.) The 
other problems relate to tbe influence which the 
space-arrangement of the various atoms or groups in 
a molecule exercises on the course of reactions. A 
few examples are added. Let a series of tetrahedra 
be joined together in such a way that the centres of 
the first and second are in a str^ght line, the centres 


of the second aud third in a straight line, aud so on; 
then it will be found that of all the tetrahedra ttp to 
fire the angular points of the first and fifth are 
nearest together, and if a sixth tetrahedron is added, 
its free angular points will be nearer to those of the 
first one than any of the others, except the fifth. 
Coiresponding to this is the ease of formation and 
stability of five and six carbon atom ring comx^ounds. 
Thus, on distilling tbe sodium salts (H the homo- 
logues of the oxalic acid scries, tlie first member to 
gi\e a ring compound, molecule for molecule is 
adi])ic acid. 

^cii„.cooisa ^cn,.co 

C'H. ■ =.C1L I +CO(OSa),. 

‘<v.CH..GH.,.COOXa <CHj.CH, 

KetopefiteinetbyI«D«. 


rimelic acid gives ketohexamethylene. 

CH*. CO(.)Sa 

'^CH„-CH„.COONa 

C'H. NcO-bCJOCONa). 

<-LTL-CH..^ 


In the .'.ame way the easy formation of 7 - a)»d 8 - 
Jacloiics may be explained. 

In the conversion of the following acids 
IT H CIl, Gil, 




I ' 1 

Il-C-Cll, ll-l’-CTT, 


III I 

coon t^ooH coon cooii 


into esters there is a diminution in the speed uf the 
reaction from lift to right, acetic acid forming nn 
ester at a higher rate th.an propionic, etc. This i,s to 
be attributed to the fact that the space round the 
carboxyl group is less filled in the case of acetic aci<l 
than in that of propionic acid, and so on; and there¬ 
fore the entrance of the alkyl group is more and 
more difficult as we proceed from acetic to trimethyl- 
acetic acid. Again, triphenylacctic acid esterifies 
much more slowly than dipLenylacctic acid. In the 
benzene scries the ortho-ixisitions play the same part 
as tbe a-position in the above scries of acals, as is 
shown by the following example :— 
fivmmetrical trlbrombenzoic acid, 

Br 

Br ^ ^ COOH, gives no ester. 

Br 

Svmmetriojil tribronijihenylacetic acid, 

Br 



CIIgCOOH, gives 99 jier cent, ester. 


Br 

Just 08 ester formation is retarded, so also is the 
process of hydrolysis. An example of this kind is 
given under NlTBiUiS (y.v.) Eitngen compounds 
furnish good examples of this stcric hindrance to 
reaction: aniline is a weak base, but forms many 
salts; diphenylaminc forn.s very few salts; tripbenyl- 
amine forms no salts; tetrapbenylammonium com¬ 
pounds do not exist. The following example clearly 
shows that tbe addition of alkyl iodide cannot take 
place for want of space in bcnzyldiphanylamine;— 

Cslh 


N—will not combine with 


methyl iodide. 
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il— combines with difficulty with methyl 

Dllie^MaiUite. 

CH,C^s 


iodide. 


combines readily with methyl iodide. 

TribentyianiliM. 

See alto under SBMISIKB Tbansfobuation. 


Btoreofraphy The art of drawing solid 

bodies on a ^nc surface : perspective. 

Btereoisomerlim (£?Aem.) Isomerism caused by a 
difference in the arrangement in space only, of the 
same atoms or groups of atoms in a molecule, their 
mode of union remaining the same. The compounds 
CH.,C1 CH, 

1 and I 

CH,C1 CIIClj 

Etby]«se cfaloride. Etbylidene cbloride. 

are isomeric, but not stereoisomeric. because the 
mode of union of the chlorine atoms is not the same, 
there being one united to each carbon atom in 
ethylene chloride and two united to the same carbon 
atom in ethvlidonc chloride. The two forms of 
CIIX'OOH 


malic acid, H— C*~COOn namely, dextrorotatory 


and laovorotatory, are stereoisomers, because in both 
■we have tljc same atoms and groups of atoms 
similarly combined, but there is a difference in the 
space arrangement of the four groups attached to 
the carbon atom marked •. The elements which 
form slcreoisomeric compounds arc carbon, sulphur, 
selenium, tin, nitrogen; the explanation of this 
property in the case of carbon is given by the theory 
of the asymmetric carbon atom. See Asxmmbteic 
OA nsoN ATOM. A similar explanation is given for 
sulphur, selenium and tin, but no generally accepted 
explanation for nitrogen has been offered yet. Ex¬ 
amples of compounds containing one asymmetric 
carbon atom are ; lactic acid, mandelic acid, amyl 
alcohol, malic acid, pinene, leucine. Sec all these. 
For sulphur, selenium, tin, see under the respective 
elements. When there is only one a.symmctric atom 
in a compound, the latter is known in three forms, 
namely, the dextrorotatory form, the Imvorotatory 
form, and an optically inactive form obteined by 
mixing equal quantities of the dextro- and lasvo- 
forms. When there are two asymmetric carbon 
atoms in a compound, more than three farms can 
exist; denoting the two carbon atoms by A and B 
and the dextro arrangement of A by + A, the Irovo 
arrangement by —A, and similarly for 15 we bavc 
the following forms; 

+ A +A —A —A 

+ B -B +B -B 

without counting racemic forms, of which there will 
be two. Suppose the same groups are attached to 
each carbon atom, then we have : 

+ A +A -»A “A 

+ A —A +A —B 

In this oaoft there are three forms only, not count^g 
the single XBocmic form, because the two middle 

arrangements are Identical. The arrangement 
Is optically inactive because the dextrorotatory 


power of the one half of the molecule is compensated 
by tbe Isevorotatory power of the other half of the 
molecule. This kind of com|X)nnd is said to be 
inactive by internal compensation ; it is also called 
a meso-oompouud. An example of each of these two 
classes of two asymmetric carbon atom compounds 
is given: 


CH,OH 

COOH 

H— i—on 

a 

o 

1 

-o- 

1 

5= 

1 

H-C—OH 

CHO 

Coon- 

A four carbon-atoiu sugar. 

Tortaric acid. 

The tetrahedral formula for 

tartaric acid may 


written 


COOH 



' To decide which form of tartaric acid is represented 
by the diagram, let a plane be drawn through the 
common angular jioint and paiallel to the opposite 
faces of the tetrahedra; then if the plane divide tbe 
' figure symmetrically the compound is inactive ; thus 
' the above figure represents mcsotartaric acid. By 
interchanging any two groups in the upper tetra¬ 
hedron we get 


COOH 



H 


OH 


■which is laevotartavic acid if the upper tetrahedron 
in the first formula was dextrorotatory; similarly, 
if any two gronps in the lower tetrahedron in the 
first formula (assuming the upper one to be dextro¬ 
rotatory) were interclianged, we should have 


COOH 
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which would be dextrotartario acid. Instead of 
drawing tetrahedra we may r^esent the formulae 
of these compounds by supposing the groups to be 
projected on to the plane of the paper, and this is 
commonly done to save s^ce. Thus we may repre* 
sent the tartaric acids as follows; 


COOH 

H—i~OH 

I 

HO—C—H 

I 

coon 

Dutrotansne acid. 


coon 

HO—Ij—H 
H—i—OH 

I 

COOH 

LrevotartaTiu acid. 


COOH 

H—i^—OIl 
i 

H—C—OH 
I 

COOH 

Mesotartaric acid. 


Racemic tartaric acid, commonly called racemic acid, 
is formed from equal quantities of the dextro- and 
laevo-aoids. The five and six carbon atom sugars 
furnish examples of carbon compounds which con¬ 
tain more than two asymmetric carbon atoms. 
When equal quantities of dextro- and laevo-modifi- 
cations of the same substance are mixeil, tl»e result¬ 
ing inactive ])roduct may, in the case of solids, ho 
a mere mixture of the two substances, or mixed 
crj'stals may be obtained, or chemical union may 
occur, and a true racemic compotind bo formcil. 
Chemical rca<-tion will not distinguish betweeu the 
three ca-scs; thev are distinguished by theiv l>ehavionr 
on melting and solution. The iiiactiie mixture will 
melt below eitlicr of its comjmncnts or any tdhtT 
mixture of them, and addition of either component 
to it will raise its melting jioint; the racemic com¬ 
pound will have a melting point either above or below 
that of its conijionents, but addition of either com¬ 
ponent will lower it till a ccrt.aiii cxot*ss i.s added, 
when it wdll raise the melting point. In the case of 
the inactive mixed cry.stal thi.s may melt at the same 
temperature as its components, or liehave as the 
inactive mixture, or have a melting point above that 
of its components, in whicli last case addition of 
either component will lower it constantly to the 
melting point of its components. As a racemic com¬ 
pound may only be stable through a limited range of 
temperature, the melting point determination only 
gives information as to the state of the substances 
about the melting point. Hence solubility deter¬ 
minations are important. To distinguish between an 
inactive mixture and a racemic compound a saturated 
Bolntion is made at a given temperature with the 
inactive compound, and another saturated solution 
at the same temiieraturc is mode with the inactive 
substance plus one component. In tlie case of the 
mixture both solutions will be identical and inactive; 
in the case of the racemic compound one will be 
inactive and the other active. As an example may 
be given sodium ammonium tartrate, which will be 
found to form an inactive mixture if crystallised 
below 28®, but a racemic compound if crystallised 
above 28®. When comp^mnds containing asymmetric 
atoms of any kind are synthesi-sed, the inactive form 
is always obtained. These inactive forms can be 
resolved into their components ; (1) by the use of 
ferments of various kinds, (2) by the use of other 
optically active substances, (3) by taking advan¬ 
tage of a difference in the speed of esterification. 
For examples, see nnder the individual substances 
mentioned before. Another kind of space isomerism 
called geometrical isomerism is found in cases where 
two carbon atoms are nnited by a double linking, 
as they are in ethylene. .On the theory of the 
tetrahedal carbon atom, ethylene is represented by 


the following formula, in which the tetrahedra ate 
represented as united along an edge : 



This formula would lead us to expect that if one 
hydrogen atom of each carixm were replaced by 
another atom, or gronp X, two isomers would exist 
liaving the formulas: 



thus: 

11 --('—X H~-C—X 

H—i'—X X--f!—n 

I H 

The first example of this kind of isomerism to be 
discovered is that of Fumaric and Maleic Acids («£r 

H—C—(iOOH H -G—COOH 

HOOG-C—II H—C—COOH 

Fumaric acid. Malsic acid. 

To distinguish isomers of tins kind, that isomer 
having tlie formula 1 is called the t'is or Maleinoid 
comimund, and tlial having the formula 11 is called 
the Trans or Fnmarold compound. I'he ois-fnrmula 
is assigned to maleic acid, cbielly because it rcatiiJy 
forms an anhv'dride, wliile fumaric acid does not. 
Other examples of comfiounds showing this kind of 
isomraism arc cinnamic aeid, onitonio acid, stilbene. 
Sm that. Another kind of cis- and trans-isomers 
occurs in certain ring compounds. i.et six tetra¬ 
hedral carbon atoms be joined as in the figure 


H 
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Kow imagine a plane passing ibrongh tbe centres of 
the six tetrahedra, that is, through the carbon atoms, 
then the six hydrogen atoms marked H are above 
this plane, and tlie six hydrogen atoms marked H" 
are below it. Replace the II atom from one tetia* 
hedron and the H' from an opposite tetrahedron by 
carboxyl groups. 1'he two dicarboxylio acids so 
obtained arc stereoisomers. The first is cis-hexa- 
hydroterephthalio acid, and the other is trans-hexa- 
bydroterephthalic acid. From the diagram it is seen 
that the relationship between them is similar to that 
between fumaric and maleic acids, the edges of the 
tetrahedra concerned only being separated from ermh 
other in the case of the bcxahydroterephthalic acids 
by the intervening pairs of tetrahedra. One of these 
bexahydroterephthalic acids closely resembles 
fumaric acid and the other maleic, and that winch 
resembles fumaric is regarded as the trans-acid and 
the other as the cis-acid. 

Trant-Acid. Jfuuiaric Aeiil. 

Sntiliiues on hentiiiK. Sublimes on beiiUne. 

in HinnII prieme. (VyHtiilliBCS in email prisms. 
ISlNiiiiii;ly soluble in vmter. ISjiariimly soluble in u.iter. 

f'is-Acid. MnUie Acid. 

Melts at 100’. Melts at 130'’. 

C’r.TSt.iiliaes in lai'ge ciyslals. t'rystaiiises in larKS crystals. 
Miicli more soluble in water Much more soluble lU water 
than tbe tr<-uiB-acid. than fumaric acid. 

Both sets of acids are mutually convertible into each 
other. Unlike maleic acid, the cis-hexahydro- 
tercphtlialic acid docs not form an anhydride, as 
miglit be exjiectcd from tlic greaterdistance between 
the carboxyl grou[is. Sfe I’HTIIALIO a 7 id Tekepjj- 
THALio Acids. For stereoisomerisnuof nitrogen ttee 
OxiMfisaiirf Quatebxaby Ammonium Compoui.os. 

Stereometer (Phys.) A Vou’miinombter Oj.r.) 

Stereotype {Typos-') ■A- cast in mrtal of the 
printing siirfcace of a page of type. Tlie earliest 
stereotypes in existence .ire said to have been 
jiroduced about t!ie year 1700; but as they were 
formeil, by soldering the bottoms of tyiies to¬ 
gether with some metal .substance, there is a doubt 
ns to tlieir right to the appellation. Not only 
was re-Composition necessary when iluplicates were 
required, but tlie type was put out of use for otlier 
purposes. The proci ss proper was first practiseil by 
William Ged, a gold.smith of ICdinburglt, about the 
}'oar 1725, under circumstances of great difllculty, 
the oiH'rative printers of Ihe time being opposed to 
the innovation. Tiic secret of his methods is not 
known, and was lost after tlie death of his sons. In 
ISOl a patent was taken out for producing stereo¬ 
types by the plaster of Paris proce.ss. Later, tlirongli 
tiie iulliicncc of Earl Htanhopc, the idea was iiorfccted, 
and the process was almost universal in this country 
until the French or jtapivr 7 uachtt system partially 
superseded it in 1850. 

The PuASTEB Process requires a comp.iratively 
large plant, and is to some extent uncertain in il.s 
results. The forme of type, when prepared, is placed 
on an inclined slab fitted within a sink. A mixture 
of plaster of Paris and water is poured over it., and 
smoothed by the hand until all the interstices of the 
forme are filled up. Tlie surface is then rubbed with 
a bard brush until the face and shoulders of the 
type appear, water flowing evenly over it during the 
process. After being allowed to dry partiallj*, it 
receives a top dressing of soap and water, and is 
then lightly oiled by means of a soft brush. A flask, 
similar in form to a chase with bevelled edges, is 
then placed over the forme, and plaisler of Paris 
mixed with water to the consistency of thick cream 


is poured on until the chase is full. It is then 
beaten uid rolled until the mixture is level with the 


edges of the chase. When properly set, this is lifted 
from tbe forme, the mould is cut out of the chase, 
trimmed, and put into a baking oven. It is after¬ 
wards placed face downwards in the casting box; 
a lid with openings at each of the corners is placed 
on top, fastened with a screw, and immersed in a 
pot of molten metal. When the box is filled, it is 
withdrawn and cooled. The lid is then removed, the 
plates knocked out, relieved of tbe plaster, and trimmed. 

The Pafeb Pbocess consists of four parts: i.e. 
the composition of the flong (y.r.), the preparation 
of the matrix, the casting of the plate, and the 
finishing process. The pages of type arc prepared 
by having metal clumps of the same height placed 
round their outer edges. The flong when made 
is laid on the typo, tissue downwards, and covered 
with a damp linen cloth. It is then beaten with 
a hard flat brush until the form of the type is 
noticeable. A thick piece of eoaise paper is next 
pasted on, and the beating process repeated. The 
forme, with tbe mould or matrix in position, is then 
placed on the hollow bed or steam box of a drying 
press, covered with a thick blanket, and pushed 
beneath the platen of the press, which is screwed 
down. After reuuiining in this position fur ten or 
fifteen minutes, the mould is removed, trimmed, fur- 
nisheil at one end with a strip of brown paper, and 
placed on the steam chamber of the press, where it 
remains until thoroughly hardened. Weights are 
placed along the edges of the mould to keep it 
perfectly flat. After the face has been dusted with 
line French chalk, it is transferred to the casting 
box, which consists of two fiat inm surfaces, the 
top one (a) serving as a lid. Both are loosely hinged 
together at the bottom (B), so that plates of different 
thicknesses may be cast as necessary. The two sur¬ 
faces of the box are held firmly in position by a swing¬ 
ing bar (cc), which clamps them togctlicr by means 
of a centre screw (D). The mould (d) is laid on the 


lower plate (EJi), 
with the slri| 

of paper tdrc.yly | ^ ^ 

t er mine the 

nf tin. STEBEO CASTISG POX WITH fPPBR SURFACE 
iniLAIlt-SS U1 IJiU 1IAI8SI) AXU MOULD IS POSITION. 

plate being cast. 

Several platc.s may be produced from the same mould 
A few seconds after the metal has been poured, the 
box is returned to its horizontal position, the screw 
loosened, and the upper plate or lid is i.iised. The 
plate can then be removed for trimming and finishing. 
The tang, or piece of superfluous metal, is sawn off, 
the eilgcs are roughly trimmed, and the backs planed 
to ensure all plates being of uniform height. Open 
spaces are chiselled or chipped out, to prevent any 
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bnt the necessary parts printing on the paper, and 
the edges are bevelled. The plates are then readj' 
for placing or fixing on beds or mounts, to render 
them uniform in height with ordinary typo. The 
processes described refer particularly to Btereot 3 ’pes 
for flat l>ed printing. I'or rotary printing the matrix 
or mould is placm in a box curved to suit the 
cylinder of the special class of printing machine, 
the plates, when cast,'being practically semicircular 
in form. There are also other systems, in which 
specially prepared Songs arc used in a dry state. 

Bteplliaation {Biology'), (1) In genera] terms, the 
destruction of the power of reproduction possessed 
by a living organism. (2) The destruction of 
organisms, especially bacteria {q.v,) and their spores. 

Stem Tube {Bag,) The tube in which the end of 
the shaft of a screw propeller is carried through the 
stem of a ship. 

Stem Wheel Bteamere {Eng.) See Amekicax 
R ivEB Steamers. ■ 

Sterro Metal {Met.) A form of brass, with whicb 
4 to 6 per cent, of iron is alloyed: it is remarkable 
for its strength, and was used for ordnance in 
Austria. 

Stet {Tijjfog.) See PRESS Cobhecitoxs, 

Stevenson’s Screen {Mcteorol.) See Tiiebmo- 
METEU Screen. 

Stibnite (Min.) Sulphide of antimonj', SU^S,; 
antimony = 71'8, sulphur = 2S 2 iw-r cent. Ortho¬ 
rhombic in long crystiils striated longitudinally. 
Colour steely grey. It is the most important ore 
of antimony. It is used, along with Oalena, in the 
East to darken the under surface of the eyelids. 
Erom Cornwall, Ayrshire, Hungary, lionifco, bnt 
chiefly now from Japan, whence come fine crystals. 

Sticker {Musim. A thin rigid piece of wood used 
in the mechanism of the organ for pusliing up certain 
part.s. It is held in i)o.sition by a wire iu.sertcd at 
each end through holes in the levers. See Obgak, 
p. 439. C/. Qbackeb. 

Stiff Leaf Foliage The conventional 

foliage used in Early English {q.r.) arcliitecturc, 
jjarticularl^' that used in the tiapitals. 

Btigmatic Lens {Light). If light diverging from 
a point is exactlj' focussed at a second jroint ly a 
lens, then the lens is truly' Sticmatic. This term, 
though convenient, is rarclv used. 

Stilbene {Chem.) || (Also called symme- 

CHC.Hs 

trical diphenylcthylene and toluylcne.) Ktill>enc 
and many of its derivatives can exist in tw’o stereo* 
U-C~f’oH. 

isomeric form.s, || and || 

CgHs-C-n H-C-C„Hj 

Ordinary Htilbene has probably the latter formula : 
it is a white solid crystallising in largo monoclinic 
plates; melts at 124°; boils at 306°; sparingly soluble 
in cold alcohol, much more soluble in hot; soluble in 
ether and benzene; distils in steam. Its vapour 
passed through a r^hot tube gives anthracene and 
toluene. On reduction by heating with hydriodic 
CH,.C,Hj 

aoid it gives dibenzyl, | , With bromine it 

CH,.C,Tlj 

gives a dibromide. On prolonged heating with 
sulphur it gives tetraphenylthiophene. 


C^Hj C„Hj> 

CrTr-=i: 

^ p / ** obtained (1) by heating 

C,ll* C^I, 

benzaldehyde or benzalchloride with sodium, 
C-H,.CH 

2C.H,CnCL+4Na= 1| + 4NaCL (2) By 

OeH, CH 

Ireating phenyl fumarste, 

C^HjOOC. C. H CjHj. C. H 

H.C.COOC.IT, . , 

Fbtmyl oinnuDste. 


(3) By heating /3-trithiobenzaldehyde (obtained hj 
passing hydrogen sulphide into a mixture of bcnzal* 
dchyde and alcoholic hydrochloric acid) with copper. 
A few stilbene derivatives are dyes, but they are not 
obtained directly from stilbene. 

Stilbite {Min.) A hydrous calcium aluminium 
silicate, 6HjO, (NajCa)O, AhO^OSiOj. Monosym- 
mctric, in complex fourlings appearing us one crystal. 
Colour white, or rarely red. Pearly lustre. Dum¬ 
barton and Htiiiingshire in Scotland; the Giants’ 
Causeway ; Faroe Island; India, etc. 

Still Life (Art). A picture representing iloweis, 
fruit, furniture, and inanimatobjects generally. 
Tlic Dutch Bchool arc famous for their pictuies of 
Still Life. 

Stipple, Stippled ( F.ngrav.) See Engraving anp 
Etching, p. 2ul. 

- {Point.) A method of painting in which 

effect is obt.iincd by means of scries of di.t.-, instead 
of by stmkos or Hat tints. 

Stippler {Dec.) See 1’ainteeb' P-rushes. , 

Stirrup {Eng.) Tlie name apidied to a piece of 
metal ill the form of a loop resembling a stirrup, 
! umetinies used in mechanism. 

Stitching {Bind.) The term vised for the method 
of sewing a pamphloL (oi pamphlet and cover) when 
it consists of a single section or sheet. 'I'he sheet is 
<>pencd out and sewn through the middle, the thread 
being cat and the ends tied together in tlie centre. 
See IViRE Bti'ICHIng. 

Stoa {Arcleiicet.) A Greek term usually cniployed 
to denote a portico {q.r.) The Greek jiortico was 
often detached and of considerable extent. It 
afforded shelter while walking. 

Stock {Arehttol.) (1) The portion of a tally 
(generaUy a notched stick) which a creditor retained 
as evidence of the king’s debt. The counterstock 
was retained in the Exchequer. (2) A band of 
leather or other stiff material, sometimes covered 
with a soft fabric, worn in place of a cravat. 

- {Eng.) {!) A gcneml term for part of a 

machine or device which supports or contains an 
ojierating part or a part on which work is actually 
performed, e.g. the support of an anvil. SeeHJ3AT> 
Btock {Eng.) and Btocks and Dies. (2) I'he mass 
of heated coal not yet ignited surrounding the hot 
part of a smith’s fire. 

- {Her.) A bearing consisting of the stump 

of a tree out off square at the top and eradicated 
at the roots, the main roots being shown. 
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Btooklngette Cloth {^Teintile Manvfae^ Maj be 
either knitting wliioh is the origpinal stockingette, or 
woven in the ordinary way, what is termed a “ stock* 
ingette ” weave being used. 

Stook Rail (^y.) The fixed rail which is fitted 
at points (jr.v.) in a railway, as distinguished from 
t he hinged rail or point proper. See Bailwats. 

Stocks. Bricks burnt in a clamp. See BmoKS. 

- {Arelimol.’) A device for punishing petty 

offenders. It consisted of a heavy wooden frame 
with movable planks placed horizontally on edge, the 
latter being pierced with holes for confining t^ legs 
or arms or both. 

- (Civil Eng.) The massive timbers on which 

a ship rests while Iwing built. 

-( Woollen Manufae.) An old form of fulling 

or felting (g.r.) Usu^ly the machine consists of a 
pair of stocks, but they have also been mafle with 
only one stock foot, and with three. In the older 
form of tiic machine the stocks are allowed to fall 
on the material by gravity; in the newer form they are 
controlled by crank gearing, and the length of the 
traverse con be dimimsbed or lengthened as required. 

Stocks and Dies {.Eng., etc.) Tools used for cutting 
external or “ male ” threads. The die consists essen¬ 
tially of a hardened steel nut, which is usually 
divided into two parts, the ends of the threads 
where they are cut across serving as cutting edges 
for ftroducing the new thread which is to be cut. 
The STOCK is a suitable holder for the dies, commonly 
with a screw by means of which tlm distance apart 
of the two halves of the nut may bo adjusted, and 
two straight handles by means of which it is turned 
in order to produce the thread. When commencing 
to cut a thread the two halves of the die are 
separated to such a distance that they will just 
allow the blank on which the thread is to be cut 
to enter; the stock is then turned and the dies 
gradually cut a thread, which is deepem-d by screw¬ 
ing the dies closer together after eacii cut. 

Stocks, Grey, and London. See Bbicks. 

Stokehold (Eng.) A term commonly used in 
marine practice as the equivalent of “ boiler house ”; 
the place in which the stoking of the boilers is 
caiTicd on. 

Stokehole {Eng.) (1) A pit or other space in or 
from which stoking is c.ari'iedon. The space allotted 
to the stokers or firemen in a steamship for supplying 
fuel to the furnaces is usually sermed a stokehold 
{q.v.) (2) A bole in a roverlieratory furnace for intro- 
during a rabble (q.v.) or otl>er tool. 

Stoking (Eng.) Putting fuel into a furnace, etc., 
removing clinkers, and generally attending to the 
fire. 

Stola (Arohaol.) The outer garment worn by the 
Roman matron. Cf. I’ALLA. 

Stole (Cost.) A narrow band, fringed at the ends, 
worn by the clergy over the shoulders. 

Stomata (Botany). Minute openings in the epi¬ 
dermis of leaves and other green parts of a plant 
concerned in gaseous interchange between the tissues 
and the atmosphere. Special “ guard cells ” surround 
an opening which leads to the intercellular spaces 
of the leaf. 

Btene Age. The Prehistoric Period during which 
Early Man shaped and used implements of stone. It 
is usually regarded as divisible into two periods:— 


an Earlier or Paleolithic, during which rudely 
shaped and unpolished stone implements were usra, 
and a Later or Neolithic, at which time a more Care¬ 
fully finished type was used. The Earlier Stone A^ 
may have lasted all through the Glacial Period, while 
the Later is certainly posterior in date to the Age of 
Snow. 

Stonevaro. A species of hard glazed potteix 
composed of silicious clay; or of clay and flint 
which has been ground and calcined, mixed in proper 
proportions. The glaze is effected by means of 
common salt, which is thrown into the furnace in 
which the ware is baked. Pottkby. 

Stool (livild.) The small surface worked on a 
stone sill to form a butt joint for the mulUon, 

Stoop, (1) A flagon or large cup for holding 
liquor. (2) A low platform or a portico in fix)nt 
of a house. 

Stop. A very general term for a piece of metal or 
other material used to fill up some cavity, or to limit 
or check the motion of some piece of mechanism. 

- (Build.) The termination of a chamfer when 

it Ls not worked the whole length of a stone. 

-( Carp, and Join., etc.) (1) A projecting piece 

of wood or metal, used to keep a piece of wood from 
sliding along the bench when being planed. (2) One 
of the pieces of wood fastened to the frame of a door 
to form a recess into which the door shuts. 

- (M^aie). (1) A set of pipes in an organ. 

(2) Each knob by which the organist puts into action 
the various sliders. Properly known as a Draw stop. 
Sec Musioal Instbuments, p. 439. 

Stop Cock (linild.) A cock or tap fixed near the 
main pipe to turn on or shut off the supply of gas or 
water in a house. 

- (Eng.) A term often applied to any cock 

or tap. 

Stope (Alining). The parts of a mine between 
two levels, from which the ore is obtained in work¬ 
ings usually having the form of stejis. OvebhaKD 
Stofixq consists in working from the under side, 
when the steps have the appearance of the under 
side of a staircase; in Unbebhand Stopibg the 
men work while actually standing on the steps. 

Btoping (Mining). The excavation of minerals in 
steps, eittior above or below a certain level. OVBB- 
UAKJ) Stopikq : Excavating in an upward direction, 
the usual method. Underhakd Stopiko : Ex¬ 
cavating in a downward direction. See also Stope. 

Stopped Pipe (Mwsie). An organ pipe having the 
upper end closed cither by a Stopper (q.v.) or metal 
cap. A stopped pipe fpves a sound an octave lower 
than an open pipe. This is spoken of as so many feet 
tone; e.g. stopped diapason 8 ft. tone gives the same 
pitch as the open diapason 8 ft. In the former case 
the lowest pipe is 4 ft. long, in the latter 8 ft. long. 

Stopper (Glass Manufae.) A slab of fireclay 
used for temporarily stopping up the mouth of the 
pot Cq.v.) during founding, 

- (Mvsie). The wooden plug inserted at the 

lop of certain organ pipes, which causes the sound 
produced to bo an octavo lower than when un¬ 
stopped (open). 

Stoppering (Met.) Closing up the opening of the 
mould used for casting steel ingots, in order to 
prevent the action of the air on the fluid metal. 
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Btiqppbii i-Bvild., Dee., etc.) A Bubstance, e.g. a 
mixture of siae and whiting, used for filling nail-holes, 
shakes, cracks and flaws, etc., in the sui-face of work 
which has to present a smooth and finished appear¬ 
ance. Of. Bbaomontaoe. 

- {Mime'). The pressing of the fingers on 

the strings of stringed instruments to obtain other 
sounds t&in those given by the open strings (^.r.) 
\Vlien two notes are produced at once in this way, 
ijt. by stopping two strings, it is termed Double 
BTOPPIUG. 

Stopping Knife ( Dec.') A knife used by painters 
for stopping nail-holes, etc,, with putty. 

Stopping Off {thundry). Closing or filling up 
part of a mould in order to modify the size or shape 
of the casting. 

Stopping Out {Ktching). Covering with lamp¬ 
black, or otlur acid-resisting substance, certain 
portions of a plate which is being etched in order 
to prevent further elching of those jiarts. See 
Engbavikg and Etching aiid rnoTO-ENGEAViNG, 

Stop ValTO (Dn/j.) A Stop Cock {g.v.) 

Stop Watch {Cleeke and Wafehest), A watch 
whose mechanism c‘an be stopped or started at will 
by pressing a projecting stud. The most convenient 
type possesses separate mechanism, furnished with 
sj)ecial indicating hands, capable of being stopped 
or started at any time w'itliout interference with the 
ordinary movement. One of these hands usually 
makes one comjJcte revolution per minute, and 
indicates to the fiftli of a second, wliile a second or 
smaller hand records the minutes completed since 
the watch was started. 

Stop Work ( flwZ Tr<ifc7»c#'). Tlie .nrrangc- 
ment limiting the amount of winding up j)crmitled 
to the w^eiglit or mainspring. 

Storage Battery {Elect.) A set of storage cells 
or accumnlaturs {g.e.% 

Storage Cell {Elect.) An Accumulator {q r.). 

Storm {Meteorol.) A violent commotion of the 
atmospliere, occurring in all I'limates and differing 
from other atmo.splKiric di.sturbaneies in its destruc¬ 
tive power and the extent over which it spreads. 

Storm Beach {Gcol.) The maritime zone along 
which the direct effects of the sea are manifested 
only daring heavy gales. In general terms it may 
be said to range along the shore to a short distance 
inland from high-water mark. 

Storm, Magnetic! Irregular or excej'tional \aria- 
tious in the earth’s magnetic element. 

Storm WamingB {Meteorol.) Notices, tclegraidied 
or published, predicting the approach of storms from 
the behaviour of the barometer or other instruments. 

Storm Wavei (Meteorol.) Exceptionally liigh 
waves occasioned by low atmo.sphcric pressure during 
storms. Bendered more severe wlien occurring at 
high water and violent wdnd. 

Stor]|r Bod {Carp, and Join.) A long stick used 
for setting out stairs, e.g. for measuring the vertical 
height from floor to floor. 

Stonp. See Btoop. 

Stonrbridge Clay. A fireclay occurring in the 
C<^ Measures at Stourbridge and elsewhere; it con¬ 
tains but little iron and very little lime or alkali. 
As it is very refractory, and can be heated to very 


high temperatures without melting or becoming 
pasty, it is much used lor firebricks, crucibles, etc. 

Stove. (1) A term loosely applied both to open 
fireplaces and to stoves proper, which are closed 
chambers. See Btoves. (2) A form of oven nsod 
fur drying, enamelling, and many other purposes. 

Stoves {Mj/gieno). Arc commonly made of oast 
iron, the smoke and products of combustion escaping 
by an iron flue to the chimney or outer air, while the 
main portion of the beat radiates in all directions 
round the stove. This is a more economical but less 
liealthy mode of heating than by an ojien fireplace, 
the ventilating power being less. There are three 
chief objections to the use of stoves: (1) They 
render the air hot and drj-; this may be in a measure 
obviated by placing a vessel of water on the stove. 
(2) The escape of carbon monoxide through the walls 
of the stove; this objection may be overcome by 
lining the stove with firebrick and casing it with 
tiles, as is done on the Continent. (.3) The bjxd smell 
sometimes caused by the decomposition of organic 
matters jtrcsent in the air, due to their contact with 
the heated surface of the stoves. 

Stove Bereuf (Bvlld.) A screw witli the thread 
cut close up to the bead, used in fitting togetlier the 
2 »aris of stoves. 

Straight Arch {Build ) Soo ('AMBm Ancn. 

Straight Edge {Eng., Carp., etc.) A fiat rod of 
wood or metal; the edge is used for testing the 
accuracy of straight lines or piano surfaces. 

Straight Pass {TexUle Manvfac.) Sec Enteeing. 

Strain {Phyt., Eng., etc.) A change in the dimen¬ 
sions or form of a body, produciiid by the action of 
forces termed Stbe.sses. Various kinds of strains 
are ilcfiiied under Elasticity (q.r.) 

Strainer {Eng.) A perforated cover attached to 
the etid of the suction pipe of a pumji, to jirevent 
the entry of pieces of material which would obstruct 
the valves. 

Straining (Leather Monvfac.) The stretching or 
straining ol .skins in ll'.;ir wet state by nailing them 
vmt on frames and drying the.m in thi.s strained 
condition, thus pi.'-venting contraction. 

Straining Beam (Carp, and Join.') I’he hori¬ 
zontal tiiidior that extends between the head.s of the 
queen pi'ats. See It OOFS. 

Strain Slip Cleavage (Ocol.) A structnre de- 
vcbqjed in eeilain roeks by dynamic mctamoipbism. 
Intense lateral pressure, such as that exerted during 
the upheaval of gieat mountain nuisses, throws the 
finer lamime of a st ratified rock into minutejiuckcrs, 
which fracture at their crests and troughs, and even¬ 
tually slip, or become faulted, on a very minute scale, 
along parallel planes wliioh lie nearly at right angles 
to the direction of the pressure. A rock so affected 
Is said to be hbeared. If new minerals are developed 
along the planes of slip the rock becomes a ScHIST. 

Straits Tin {Met.) Tin from the Straits Settle¬ 
ments— e.g. tlie Malay I’cninsula, the i.slauds of 
Eanea an(l Bilitong, etc.; usually considered one of 
the very best varieties obtainable. 

Strait Work {Mining). See under ^Iinikg. 

Strake {Mining). A sloping board used in sorting 
gold ore. 

Stramonium {Botany). The dried leaves and 
seeds of Datura etramonium (order, Solanaeeee) are 
used in the preparation of the drug. 



STB 


725 


BTR 


Bteuid. (1) A number of single threads of some 
material (yarn, etc.) twisted together and forming 
one of the principal parts of a rope. (2) A single 
thready filament or small cord. 

Btraoded Condootop (^Eleot. Eng.) A conductor 
formed of a number of lino wires grouped into 
strands; used when flexibility is required. 

Btrap (Eng.) (1) A belt (q.v.) (2) A strip of 
metal specially shaped for holding together and 
strengthening parts of a structure round which it 
fits, e.y. an eccentric strap. 

Strap Bar (Eng.) A bar sliding through fixed 
supports and carrying the Stbap Fork (q.v.) 

Btrap Brake (Eng.) A strip of metal, firmly fixed 
at one end, bent over a wheel or brake drum: when 
drawn tight by means of a lever, so as to grip the 
wheel closely, it acts as a brake. Used both as a 
brake proper and in certain fonns of Dy5» amombtbe 

Strap End (Eng.) The end of a connecting rod 
in wliicii the bras.'jes are held in place by a strap 
passed round them and fixed to the rod by means of 
a gib and cottar (^.r.) 

Strap Fork (Eng.) A two-pronged fork which 
loosely encloses a belt, for the purpose of shifting 
it from one pulley to another of equal size, turning 
on the same a.\is atid placed along.side the first. 

Strapping Motion (Cntton Manvfar.) See 
Govh;lt^■r^u Motjon, 

Btrap Work (Architect.) An Elizabethan orna¬ 
ment resembling interlacing stra])s. 

Strains Clouds (Meteornt.) Arc those which pre¬ 
sent it .strutiiied or band-like form. They may be 
high- or low-hiug clouds. See alee Cl.OUDS. 

Strawberry (JMavy). The fruit of Fragaria 
rreea (Itcearetr) consist-s of a fleshy receptacle 
bearing numerous minute achenes (the so-called 
seeds ). 

Strawberry Leaf (Her.) An ornament of ron- 
vcntional form rchciubling a strawberry leaf api^ears 
on many ancient.crowns and coronets. They now 
appear on tlic coronets of dukes, marquosse-s, and 
earls. See Cohonet. 

Stray Field (Elect. Eng.) A magnetic field, pro¬ 
duced by lines of force from the field magnets of a 
d 3 'namo which do m>t pass through the armature, 
and which are therefore useless for the purpose of 
inducing an electromotive force in the armature 
conductors. 

Streak (il/iw.) The apitcarance produced when a 
piece of a mineral is mbbetl over an abrading 
surface harder than its own. The hi.strc and general 
apiKiarfiiico of the streak is often a useful guide in 
the identification of a mineral. 

Stream Currents (MeteoroL) Currents produced 
when Dbift Cubkents (q.v.) are deflected by a 
coast line or other obstacle. 

Stream Lines, Imaginary lines drawn in a fluid 
in motion, such that the direction of motion of any 
particle at any given instant is a tangent to the 
curve passing through the particle. 

Stream Tin (Min.) Tin-stone in a state of fine 
division which has been wasl'-cd down and deposited 
by rivers. 


Strength of Field (Elect.) The strengUi nf an 
electric field at a point is measured by Him aninber 
of lines of force per square centimetre atrtliaimrint. 
In air this is numerically equal to the force, in. dynes 
exerted on a unit charge placed at the same point, 
but this w'ill not be true for other media, the general 
relation between Force (dynes) and Field (lines per 
sq, cent.) being. Field=K x Force, where K is the 
dielectric con.'.tant (or specific inductive capacity), 
and is arbitrarily taken as unity for air. The stren^h 
of a magnetic field is similarly defined. In air this 
is numerically equal to force in dynes on unit pole at 
the given point, but the force is not to be confused 
with the field, the general relation being Field =/t x 
Force, where fi is the permeability of the medium. 
This practically only differs from unity in the case of 
iron and a few magnetic substances. 

Strength of Pole. S<-c Magnet. 

StrepitoBO (Mneic). In an impetuous or boisterous 
manner. 

Stress (Phy»„ Eng., etc.) A stress, from the 
practical point of view, is a force which produces, 
or tends to produce, an alteration in the form or 
dimensions of a body upon which it acts. Tlie external 
force is re.sistcd by internal forces acting between 
the molecules of the body, and to these internal 
forces tlic terra “ stress ’’ is more properly applied. 
See aleo liT.ASTIOiTY. 


Stress Diagram. A drawing made for the pur¬ 
pose of calculating the different stresses in the 
members of a loaded structure. See. also Gbafhio 
Statics. 


Stretched String (Sound). Vibrating strings form 
an essef'tial jiart of many musical instruments (q.v.) 
and certain pieces of scientific appaiutus, e.g. a 
SoNOMETEB (q.v.) The frequency of vibration of a 
string depend on its length, its mass, and the tension 
a])plied to it. Let I be the length, m the mass per 
unit length, and T the tension, expressed in the 
corresponding units of force (i.e. if I i.s in cms., m in 
grams, then T must be in dynes). The frequency n 
(or number of vibrations per second), when the string 
is vibrating as a whole aiul therefore emitting its 

1 /T 

fundamental note, is n = The frequencies 

of the over-tones (q.r.) will bo 2n, (in, etc. 


Stretcher (J^MJ’fd.) (1) A brick or atone laid with 
the greatest length paialicl to the surface of tho 
w.'ill, tf, IlBADEB. (2) A tie-beam in the framing 
of a building. 

- (Eng., etc.) A strut or member of a structure 

which fixes two other j)art.s a definite distance apart: 
e.g., the horizontal member in an A-frame. 

- (Paint.) A frame on which a canvas in¬ 
tended for painting i.s fastened, ami then stretched 
by means of wedges forced in at the comers, or by 
some other device. 


Stretching Course (Evild.) A row of bricks laid 
lengthwiso on the face of a wall. Cf. Stbetchbb. 

Stretto (Mveic). Contracted; close. SeeWvaxm. 

Stria ( (^laes Manufae .) Markings or cords caused 
liy variations in the temperatuie of the furnace. In 
flint glass they are chiefly due to the unequal density 
of the materials employed. 


- or Striations ( Elect.) A banded appearance 

due to alternations of dark and bright spaces pro¬ 
duced under certain conditions in vacuum tubes (£.».) 
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Strickle (^Foundry). A piece of wood or metal 
used to produce a surface of definite form on the 
sand in a moulding box. The strickle is cut to 
the required slmpe and drawn, over the sand in 
the proper direction, which is maintained b; means 
of suitable guides, pivots, etc. 

Btriekling {Foundry"). Forming a simple mould 
or part of a mould by means of the Stbiokle (j.u.) 
instead of by the use of a pattern. 

Strict Gonnterpolat {Mvtie). By strict counter¬ 
point is understood the art of combining melodies 
under the following restrictions: (1) Common chords 
and their first inversions only allowed. (2) A com¬ 
plete absence of discords, except the snsjxinsions of 
the 4-3; 9-8; 7-6; 7-8; 5-6, and passing notes. (3) 
Diatonic progressions only. The study of strict 
counterpoint is perhaps the most essential part of 
a thorough musical training, as it enables the student 
to write in a flowing manner under very severe con¬ 
ditions. He is then fit to enter the much wider 
sphere of coiniwsition, which comprises writing and 
combining the five different species of counterpoint 
under modem conditions, using chromatic pro¬ 
gressions, discords, and all the combinations and 
progressions of modern harmony. Ibis is known ns 
Free Counterpoint. These are also called respectively 
Students’ Counteipoint and Composers* Counterpoint, 
terms which in many ways seem to bo better. See 
Couj;tbrpotnt. 

Strict Fugue {Mu*ie). A real FutttiE (//.r.) 

Btrigil {AreheBol.) A scr.aper, fashioned variou.sly, 
of metel, ivory, bone, etc., ami used for scraping tlie 
skin at the bath or on other occasions. 

Strike {Build., etc.) To lower or take <li>wn, e.g- 
a scaffold or the centre of an arch. 

- {Geol.) The direction of a horizontal line 

on the bedding xdane of an inclined stratum. Olljer- 
wise ; the compass bearing of the line formed by the 
intersection of the plane of an inclined stratum and 
a horizontal surface. It may best be realised by 
partly immersing a slate, inclined at any angle from 
the horizontal position, in a bowl of water; (ha line 
of contact of the water surface with the faec of the 
slate is the direction of the strike. The definition 
of “ strike ” given in most text books is incorrect, 

- (Typefnunding). Tho term applied to the 

matrix in which a ty^jc is cast. S<’e TyrEFOUNUiNO. 

Striker {Print.) A lever for shifting tlie driving 
belt of a machine to stop or start it. 

Striking on Are {Fleet.) Rtarting an electric arc 
by bringing tho carbons into contact and immediately 
separating them. 

Striking a Screw (Png., etc.) Commencing th.c 
catting or a screw-thread with a cha.ser {q.v.) 

Striking Oiatance {Elect.) The distance between 
two conductors, across which a spark will pass with 
a given difference of potential. 

Striking Knife {Carj>., etc.) A knife or scriber 
used in striking out or marking timber remly for 
cutting to shape. 

StrikingHeehanismCJ^fecf. Eng.) Thomeebanism, 
usually w’orked by the current, by which the striking 
of an arc {q.v.) is effected 

Striking Out {Carp., Eng., etc.) Drawing a piece 
of work, especially drawing it full size in tho work¬ 
shop, or actually marking out liue<’, etc,, on the 
material itself. 


Striking Plate (Car^. and Join.) The plate fixed 
to the jamb of a door frame for the bolt of the 
look to shoot into. 

Striking Reed {Mutia). See Heed. 

Striking Up, or BtriUag {Foundry), STBiCKUna 
(q.v.) 

String {Mech.) In theoretical mechanics tho term 
string is applied to an imaginary body which is 
capable of transmitting a force only in the direction 
of its own length, i.c. which is perfectly fieziblc. 

- {Mining). A thin vein of ore. 

- {Phye.) See Stbetcbeo Stbieg. 

- (Woollen and Worsted Manvfae.) A length of 

10 ft. The chain or warp is freiiuently defined in 
stringa 

String Couree (Architect.) A horizontal moulding 
or a coloured or projecting band on the face of a 
building. 

Stringendo (Music). Hurrying the time with 
excitement. 

String Quartet (Music). A composition for four 
stringoil in.struiiicn(s, generally first and .‘.econd 
violins, viola, and violoncello. 

Stringa (Carp, and Join.) The incliiu'il boards 
snpiK)rting the ends of steps. See St.vi uc.vsk. 

Strip or Taper {Foundry). See Tapbu, 

Strippera «r Workera {Teset'de Manufae.) See 
C'ABDixrt Engine. 

Stripping (Eng.) Tearing or breaking off the 
thread of a screw or tho teeth of gear wheels through 
improiicr usage. 

- (Lace Manvfae.) A simple method of ic- 

moving the uuiised cotton that remains upon the 
brass bobbins, when time is an object or the material 
not of Huflicient value to pay the expense of “ jacking 
off.” See Jack Off. , 

Stripping Film ( Photo.) A .sensitive gelatine film 
which is nioujited on paper or olher non-lransjiarent 
support; after the film lias been developed and tixtsl, 
it is removed or stripped from the support, for 
printing. 

Stripping Plate (Met.) A bevel ot^cd template 
fitted tangentially to the rolls of a mill to coincide 
with the grooves, thu.s clearing tl;c bars from the 
bottom roll, and preventing them “collaiing” or 
wrapping round the bottom roll. It is fitted at the 
b.ack of the rolls in almost the same position as the 
foreplate (q.v.) at the front. 

Stroboscope (Phys.) An instrument for observing 
a body which is executing rapid vibrations. The 
body is viewed through a small opening in an opaque 
screen which is moving in the siimc plane os itself; 
if the rate of motion of the screen he the same as 
that of the vibrating body, the latter will appear 
at rest when viewed through the opening. For ex¬ 
ample, the screen may he mounted on the tip of the 
prong of a tuning fork; then if it be set in vibration, 
and another fork, vibrating in the same plane, with 
the same frequency, be observed through the slit, the 
prongs of the second fork will appear at rest; if the 
frequencies of tho forks differ by n small amount, 
then the prong of tho second fork will appear to 
move slowly to and fro. 

Stroke (Eng.) The distanco moved through by 
the piston of an engine, plunger of a pump, or other 
reciprocating mechanism. 
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Stroker iPrint.) A piece of wood with a smooth 
metal face, used for stroking the sheets of paper 
towards the grippers of the printing machine. 

EKrong Sand {Foundry). Moulding sand rendered 
adhesive by the admixture of loam, etc. 

Btoontla {Ckem.) Strontium oxide or hydroxide. 

StaNHitiaiilte {JUin.) Strontium carlwnate, SrCO,; 
etrontia « 70-2, carbon dioxide — 29*8 per cent. 
Orthorhombic, usually in divergently fibrous masses. 
Pale apple green, greyish or white. The principal 
source of strontium compounds. From Strontiau in 
Argyleshire, Yorkshire, the Harz, New York State, 
etc. 

Btraatimn {3Itn.) The element does not occur 
native. Only two minerals containing it are at all 
abundant, the carbonate Strontianite (q.v.) and the 
sulphate Cclcstine {q.v.) 

Btrontium and its Compoanda {Cliem.) Stbok- 
TiDU (Sr, atomic weight 87*6) belongs to the same 
group of elements as calcium and barium; like them 
it is a white metal, which decomposes water at the 
ordinary temperature, forming the hydroxide and 
liberating hydrogen; like them, also, it occurs as 
carbonate (Strontianite) and sulphate (Celestine); 
it is obtained pure in the same way as barium. 
Compounds: Strontium Oxide, SrO, resembles 
quicklime in appearance; melts about 3000°; more 
soluble in water than quicklime, giving a strongly 
alkaline solution of .strontium hydroxide, Sr(OH),. 
The oxide is obtained by hehtiug the nitrate or by 
very strongly heating the carbonate; the hydroxide 
is obtained by adding water to the oxide or by 
heating the carbonate in a current of steam. The 
Hydroxide is .a white solid which crystallises from 
hot water, as Sr(OH),8lI.jO; it combines with cane 
sugar to form a saccharate, which is insoluble iu 
water, and on this account strontium hydroxide is 
used in recovering canc sugar (y.r.) from the nn- 
crystajlisablo molasses. Strontium Chloride, 
SrCij, crystalli.ses with six molecules of water, and 
is soluble in water and alcohol; the anhydrous salt 
melts at 832"; it is obtained by dissolving tho car¬ 
bonate or hj droxido in hydrochloric acid and crys¬ 
tallising. Strontium Nitrate, Sr(N0j),,ci7stalli8es 
in anhydious octahedra; very soluble in water; ob¬ 
tained by dissolviug the carbonate in dilute nitric 
acid and’ evaporating. It is much used in making 
red fire. The carbonate and sulphate resemble the 
corresponding barium salts, but the sulphate is more 
soluble in water (•014.’i gram SrSO^ in 100 cc. water 
at 20"; -00026 gram BaSO, in 1(K> cc. at 18"). 


Btniok Core {Foundry). See Cork. 


Btructure {Fng., rt-c.) An assemblage of related 
parts attached to one anotl er in a definite manner. 
In practice the term is usually, though not alvvavs, 
restricted to buildings, bridges, roofs, etc., as dis¬ 
tinguished H-oro machines. 

BtPUt {JiuUd., Eng., etc.) A member of a stnicture 
which is in compression, *.c. the forces applied at the 
two ends act towards each other. 


Btryobnine {Botany). The alkaloid obtaineil from 
the disclike seeds (Nux Vomica) of Strycknot nux 
vomica (order, Loganiaccte). 

- {Chefn.) C„H*iN.p^ Forms iMgc white 

rhombic prisms ; melts aoout 206°; distils^at 270° 
under a pressure of 5 mm.; slightly soluble in water 
(100 parts water dissolve ‘025 parts at 14-5 ), more 
soluble in alcohol (100 parts absolute dissolve -302 


at 6-26"): chloroform is the best solvent (1 part 
in 6*9); its solutions are Isevorotatory. It has an 
extremely bitter taste—1 part in 70,000 of water 
is distinotly perceptible. Btrychnine ik intensely 
poisonous. The fatal dose is not known; a little 
over a grain has proved fetal, while larger doses 
have not. Medicinal dose, ^ to ^ grain; it is used 
in making many vermin killt rs, in which it is mixed 
with starch and a colouring matter such as ultra¬ 
marine. In medicine it is used as a tonic on account 
of its stimulating action on various centres. In 
poisonous doses it causes violent and frequent con¬ 
vulsions, affecting nearly all the muscles; apomor- 
phinc and chloral are used as antidotes. Btrychnine 
i.s a strong uionacid base; its commoner salts are the 
sulphate, hydrochloride, nitrate, and acetate, all of 
which are more soluble in water than the alkaloid. 
In pure chemistry strychnine is used to resolve 
racemic mixtures or compounds into their optically 
active components. See Stereoisomerism and 
Dextrose. It occurs in nux vomica (dried ripe 
seeds) to the extent of from 0-9 to 1-9 per cent., 
and in Bt. Ignatius bean to 1-6 per cent.; brucine 
occurs with it in these. To obtain it the nuts are 
softened by exposure to steam, powdoied, and ex- 
trsuited with somewhat diluted alcohol containing 
a little* sulphuric acid; the filtered extract is neu¬ 
tralised with lime, and the clear solution evaporated ; 
the residue is extracted with dilute acid, the extract 
filtered and precipitated with ammonia; the precipi¬ 
tate contains brucine, from which it can be freed by 
crystallisation from alcohol, in which bruciue is the 
more soluble; or the alkaloids are dissolved in acetic 
acid, the solution evaporated on the water bath, 
when the strychnine acetate is decomposed, and 
water ficly dissolves brucine acetate from the resi¬ 
due. The con.stitution of strychnine is unknown; 
but it is a tertiary base, as it unitt-s with alkyl 
iodides, and it appears to contain a benzene ring 
condensed with a nitrogen ring, tho nature of which 
is not settled, for it yields halogen substitution pro¬ 
ducts, of which bromstryclmine yicld-s picric acid by 
Ihe action of fuming nitric acid; also when distilled 
with caustic potash, quinoline ami indole are among 
tho products, while when distilled with zinc dust, 
carbazole is obtained. Strychnine gives the nsiial 
alkaloid reactions ; the best test for it is the addition 
of strong sulphuric acid and a little dichromate of 
potash, when a transient violet coloration is observeti. 

Stuart's Oranolith. See Artificial Btone. 

Stub Tenon {Carj}. and Join.) A short tenon 
which does not pass right through the piece which 
contains the mortice. 

Btneeo {SviJd.) (1) Plaster of fine quality made 
from powdered white marble, gypsum, sand, and 
water: used to form the surface of walls and for 
ornament in relief. (2) Generally any plaster or 
cement used to fom the external surface of a building, 
often finished off to imitate masonry. 

Stuck (3Ivsic). I hc German term for piece, as 
ConcertutiieJt, a concert piece. 

Stuck Monlding (Carjt. and Join.) Moulding 
which is worked on the solid wood, as distinguished 
from moulding which is formed on a separate piece 
of wood and afterwards attached to the main part 
of the work. 

Btnd {Build.) A post or upright support. One 
of the scantlings to which the match boards are 
nailed in a frame building. , 
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Stud (E/iff.y (1) A short projecting pin or boss. 
(2) A .-crow, having no fixed head, which is screwed 
into a tapped hole in some larger object, the nnt 
being screwed on to the projecting end. (H) Tlie 
transverse piece of cast iron in the link of a cable 
chain for the purpose of keeptng the sides apart. 

- (Wafofws and Cloeks). The fixed piece to 

which the outer end of a balance spring is attachoil. 
Any fixed piece forming a centre of motion for 
mo^'able piecc.s, e.{i. the various studs on which the 
different parts of the striking mechanism of a clock 
turn, fiec aho Stop Watch. 

Stud Block (Enff.) A piece of metal having a 
tapped bole which docs not pass right through the 
block. It is used for screwing studs iq.v.y into their 
boles. 

Studded Chain {Eng.) A cliain with Stayed 
Links (q.v.) 

Studio (Art). The workroom of an arti.xt; an 
atelier. 

Stud Wheel (Eng.) A wheel revolving on a short 
fixed axle projecting from the framework of a 
machine; especially applied to a wheel used in 
.screw-cutting lathc.s to connect the wheel on the 
mandrel uilh that on the leading screw. 

Stuff. (1) A general term for material. (2) 
Woven material, esixicially a woollen fabric. (8) in 
joinery the term is applied to wood. 

Stuff Chest (PajKr Mamifac.) A eylindritial tank, 
containing the stock of beaten puli) ready foi 
moulding in the machine. 

Stuffing (ZcatAcr Manufar.) Impregnating leal her 
with grease. The two terms “ slntfing’* and curry¬ 
ing” differ only in degree, stuffing mciining a heavy 
currying, Thcteim ‘‘cuiTving” is used when only 
a light oiling is applied. Ecr Clekyin'o. 

Stuffing Box (Eng.) nic device by which a steam- 
tight joint is obtained where a piston rod enters a 
cylinder. The rod A passes through a hole in the 
cylinder cover, wLicl) fits the rod smoothly ; this hole 
widens out into a cylindrical chamber b of larger 
diameter than the ro<l, and soft packing of asbestos, 
etc., is placed in it so 
as to saiTound the lod. 

The end of tho rece.s.s is 
filled by a short tnbe 
or sleeve c, termed a 
G LAXD; this fits into 
the recess, and is bored 
out to such a size that 
the piston rod csin move 
easily through it. Ihe 
gland is held in place 
by bolls, and compresses 
the packing so as to fill 
the cavity round tho rod, thereby making a steam- 
tight joint in which friction is reduced to a minimum. 

Style (Archaol., etc.) (1) An in.strament of bone, 
metal, or ivory, with one end pointed and the other 
end blunt, the pointed end being employed for 
in.scribing on wax-covered tablets, and the other end 
for erasing and for smoothing the surface of the 
wax. (2) A pointed tool u.sed in engraving, etc, 
(8) The marking point of a telegraph receiver, etc. 

Style of the House (Pypog.) A code framed 
for the guidance of compositors and others respect¬ 
ing punctuation, capitalisation, divisions, spacing, 
etc. 
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Styles (Carp, and Join.) The outside vertical 
members of a piece of framed work, such as a door. 

Stylffibate (Architect.) Tho substructure support¬ 
ing a colonnado. It can be either in the form of a 
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iwdiura (q.v.) or a series of steps. Tho stylobate of 
the Parthenon consists of three steps. 


CTICgHs 

Styrolene (I7jcffi.) |1 calZed Phekyl- 

CH., 

ETHYLENE StyueniO. A colourless liquid ; Imils at 
114“; aromatic smell; soluble in alcohol and ether; 
polymcri.se8 on keeping, csixjcially in light; it occurs 
in tho balsam Storax (1 to 5 per cent.) and in coal 
tar. It can be obtained by distilling storax witli 
water ; by decomposing /S-broinhydrooinuamic acid 
(from cinnamic acid an(i hydrobromic acid) with 
caustic soda— 

CilBr.C*!!., riK'^ns 
I =11 + HRr + CO,, 


CIIg.COOH (TL 

or by condemning benzene and acelyleno with 
aluminium chloride. 


Suabe Flute (Mmie). An organ stop of wood, 
having an iuvcrte<l mouth. Its lone is of a .some¬ 
what sorrowful character. It suliloiii goes below 
tenor (', but is grooved into a stoppeil diaiuisou. 

Suave (Agrocable ; .nweet. 


I Subaeria] Denudation (CeoJ) Denudation. 

i Sub-baSB tA/uiiU-). A pedal stop on organ.s of 
) 82 ft. tone. Tin* term is, however, .soniclimes used 
! in the same sen.se as, or instead of, boimlon, and then 
{ i.s of 16 ft. tone. 

Subdominant (.I/w.«m). The tMtler-dimunant. 
The technical name of the fourth note of a scale, 
so calh'd from it.s being in the same position below 
the tonic as the dominant is above. 


Subito (Mime). Suddenly: quickly. 

Subject (Mvslc). (1) Tho principal phrase, or sets 
of i)hrases, constituting the comi)lete theme of a 
movement. (2) The oi)euing phrase of a fngue. 
Cj\ Answeb. 

Sublimation (Chem.) Strictly speaking, i.s the 
change of a solid 1o a gas without previous molting, 
and the change of the gas back to the solid without 
liquefaction. Hut the term is often api)licd to a 
s)ibstanec which melts on heating, and then boils 
ami gives off a gas which condenses to a solid 
without liquefaction. Any substance will come 
under the strict definilaon which has a sufficient 
vapour pressure at a temperature below its melting 
point. TIius Ciuuplior melta at 180“ but it sublime.s 
at the orrlinary temperature; this is due to the fact 
that camphor has a considerable vapour pre.ssure at, 
s:iy, 15°, so that if a piece of camphor is placed under 
a bell jar at this temi)erature, the space is filled with 
vapour of camphor, and part of it condenses again on 
the colder sides of the jar. Again, when sulphur is 
purified by distilling it in iron vessels and passing 
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the vaponr into a large brick cbambar, the vapour 
Holiilifice at first without liquefying; this is not astrict 
aubliniation, and the suiphar solidifies in this case 
because of the lowering of its temperature by expan¬ 
sion against the pressure of the air and the lowering 
of its vaponr pressure owing to tho vapour mixing 
with air. In the diagram let the horizontal line 
represent temperatures, the vertical line pressures, 
the curve ab the vajiour pressure of tho solid, the 
curve BD the vapour pressure of the liquid, and the 
curve BO the effect of pressure on tho melting point; 



then it is soon that at any pressure below that at the 
triple point B a solid fsin pass into the state of vapour 
witliout liquefaction, and vajsiur to solid withf)ut 
liquefaction. Keloct a pressure FE, and heat the 
solid in a vessel at temperature a, ami let the ves.sol 
coiiimunicatc with anotlier at temperature F; then 
the solid will sublime without melting. Ice melt-t 
at (»® very nearly, and the value of B is about 4-6 inm ; 
so tliat if ice i.s iilaced in a vessel the pressure inside 
which is kept, say, at 3 mm. and the temperature 0°, 
the ice would slowly sublime, and might be condensed 
in a second vessel at the same pressure as tlio first, 
but at a lower temperature. Many substances arc 
purified by siililiniing them, as, for example, iodine, 
arscn«>ns oxide, benzoic acid, ammonium chloride. 

Submarine Cable (AVerf.) A conductor or system 
of conductors, tdectrically insulated and provided w il h 
a strong <'ovcring, proof against the action of sia 
water. Used chiefly for telegraphic communication. 

Bubmediant (Mu*ic). llie Vnier-vicdiant. The 
teciinical imme of the sixth note of a scale; so called 
from its iKing in Uie same imsitioii, t.c. mid\yay, 
between tonic and tlie subdorainant in descending, 
as tlm mediant is between tonic and dominant in 
ascending. 

Sab-octave iMusAc). A coupler in an organ which 
causes tho note an octave below the note played to 
fall. 

Babstitution (Chem.') The replacement of one or 
more atoms in the molecule of a comjxjund by one or 
more tiifleri'iit atoms or groups of atoms, the vaieney 
of which is eeiuai to tliat of the atom or atoms 
replaced. Tlio jiroduct of sucli a change is called a 
substitution product. As an example of substitution 
mnv be given tho action of chlorine on acetic acid ; 

CH, 011,01 CHOI, 

rOOH OOOII COOIT 

Acetic Acid. Monoohloracotic Dichloi^tic 
Ji ,;ia, Acul. 

great part of the reactions of organic e.hemistry 
are substitution reactions, and organic chemistry 
has been defined as the chemistry of the hydro- 
carboDB and thtsir derivatives, that is, their substitu¬ 


cci, 

(llOOH 

Triciiloriicotic 

Acid. 


tion products. The substituent, as the entering 
group is called, always changes the properties of 
the original compound; thus in the example above 
the strength of the acid increases with the number 
of chlorine atoms. In some classes of compounds 
rules are known relating to tlie place where a 
substituent will enter; thus in tho fatty acids 
halogens enter the group next to the carboxyl group. 
In benzene, if a hydrogen atom is substitute by one 
of the following, 01, Br, I, CH,, and other alkyls, 
CH.,C1, OH,CK, Cir.,COOH, OH, OCH,, NH„ 
NHCOCH,, — N —N—, C,H^, a new substituent 
enters the ortho- or }>ara'po8ition, and little or no 
meta-derivative is formed ; but if a hydrogen is 
substituted by one of the following, NO,, S0,0H, 
OHO, OOOH, COCII,, ON, a new substituent will 
enter the meta-position, and little or no ortho- and 
para-derivative will be formed. 

Subtonio The Leadikq Note (f.v.) 

Succentor (^Muaio). The deputy of the rBECENTOB 
(r/.v.) 


Succinic Acid ( Cliem.) 

Cn.,C00H 

Wliite monoolinic prisms; melts at 185"; boils at 
235°, \yitli decomposition into anhydride, 

CH,.C0v 

and water ; soluble in water and alcohol; sparingly 
soluble in ether. It occurs in amber, many resins, in. 
turpentine, in the oxidation of fats with nitric acid, 
in the alcoliolic fermentation of sugar, and in urine. 
It can be prepared by tlie distillation of amber ; by 
fermefitation of ammonium tartrate in presence of 
small quantities of iKjtassium phosphate, magnesium 
sulphate, and calcium carbonate to serve as food for 
the ferment. The fermentation starts on exposure to 
air, and with 2,000 gr.s. of tartaric acid it is com¬ 
plete in about seven weeks at 26° to 30°. The liquid 
i.s concentrated, cleared by albumen, precipitated 
witli lime, and the calcium succinate decomposed by 
sulphuric acid ; it is also formed by fermentation of 
calcium malate. Synthetically it can bo obtained in 
inany way-s, t-.!/. from lualonic acid (jf.®.). “ad in a 
similar way from ethyl aoetoacetato (j.®-); from 
ethylene by ll>o following reactions; 

CH, CH,Br Cn,CN r:il„COOII 

II ->• I I 1 


CII, Br OHjBr KCN CH.CN 11,0 (.'H.,COOH 
With phosphorus pentaohloride it gives either the 
anhydride or succiuyl chloride : 

CH,.CCL 

1 >o 

tlI,.C0 

Its sodium salt on distillation yields ^>-diketohexa- 


niethylene: 

CH,COOXa NaOOC.CH, CH,r—t^'O—CH, 

I + I -2Na,CO,+ J I 

CH,COONa NaOOC.CH, CH,—C'O—OH., 

When heated with phosphorus trisnlphide it yields 
thiophene also ItKsonciit. 

Succinimide See PrKBOLH. 

Suction iEuff., etc.) The drawing of fluid into a 
vacuum produced by the movement <;f a piston eir 
plunger in a pump barrel. 

Suction Pump. See Tumps. 


Buffolks. Sec Bbicks. 
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Sugar Cane. Cane sugar is prepared from the 
jnjoe of the stem of a tall, strong perennial grass, 
Saeeharum q/Heitutnm (ortler, Graminem), growing 
in tropical and subtropical regions. Molasses, 
treacle, and mm are derived from the sugar cane. 

Sugar made from Raga, eto. (C%em.) See 
Cellulose. 

Sugars(Compounds} (1) of the formnla 
R — (CH01I)n — CHO, wliere R is hj-drogen or occa¬ 
sionally CH, and n = 1, 2, 3, , . . etc. ; (2) of the 
formula 11 — (CHOH)n -- 00 — CHgOH, where R and 
n have the same meaning as in (1) ; (3) derived from 
(1) and (2) by anhydride formation Itetween a mem¬ 
ber from each or between two members from (1) or 
between two members of (1) and one member of (2). 
Members of Class (1) are called aldoses because they 
are all aldehydes; mcmljers of Class (2) are called 
ketoses because they are all ketones. Members of 
■each class are distinguished bv the number of carbon 
atoms they contain (not counting R), and it will be 
seen that the simplest member of Class (1) contains 
two carbon atoms— 

CHjOII 

CHO 

It is a biose; the simplest member of Class (2) con¬ 
tains three carbon atoms— 

CITjjOll 

CO 

1 

CIIjOII 

It is a triosc, and to distinguish it from the tripsc of 
Class Cl)— 

CIIsOH 

I 

cHoir 

6110 

the former is a ketotrio.se and the latter is an aMo- 
triosc. A mixture of these two trioses is obtained by 
the cautious oxidation of glycerine and has 

been called glycerose, and glyxcro-re has been u.sed 
in the synthesis of sugars. See Dextbose, Tlie 
six carbon atom sugans are called hexo.scs, also 
.saccharoses; members of Class (3), derived fiom two 
saccharoses, are called disaccharoses, etc. (sometimes 
di-saccharklesj. Most of the sugars are known by 
names given to them before any sy.stomatio way of 
naming them was in ti.se, and these iinmes are re¬ 
tained; also the above names serve only a.s clas.s 
names, and would not serve to distinguish between 
stereoisomers, which arc very numerous in the sugars. 
Examples of sugars are: Biose (glycollic aldehyde), 

CH.OII 

I 

Clio 

trioses, glycerose; tetroses, erythrosc {*ee under 
EaxTuaiTOL); tetroses, arabinoso (i?.e.); methyl- 
pentose, rljaumose (y.c.); hexoses, dextrose (.q.v.), 
licvulose (y.f.X galactose (y.r.) ; disaoobaroses, cane 
sugar (fy.r.), maltose (j.r.), lactose tiisacclia- 

roses, ratBnose iq.v.) For the properties of a 
■typical aldose, $ee Dextrose; of a typical ketose, 
xe L-evulose. See aim Osazoxes a’nd Oximes. 

Bulnt. The natural grease impregnating freshly 
ent sheep's wool. It is the raw material from which 
Janoline (j^.e.) is preparecL 


Bulte4 (1) A series of apartments connected 
together. (2) A number of pictures illustrating oon- 
seontive events. 

-(Mwsic). A set of dance tunes in one key. 

The precursor of the Sonata (jf.r.) 

Buivez (AftMie.) A term warning an accompanist 
to bo extra watchfni. 

Bullage (A/ir*/.) Dross, scorise, etc., which collect 
on the surface of fluid metal. 

C.NII- 

FIP -PH 

BulphaniUo Icid ((’Am.) 

0 

80,0H 

Crystallises in rhombic plates containing one mole- 
cnle of water; sparingly soluble in cold water, more 
[ soluble on boiling; the crystals effloresce; fused 
with caustic {jotash, it gives aniline; bromine water 
converts it into tribromaniline; on oxidation with 
manganese dioxide and sulphuric acid it gives 
quinoncs; it is easily diazotised. To prepare it 
aniline (100 parts) and sulphuric acid (l(i5 parts) 
are hoate<l at. ]W)“ to 220”, till all the aniline is 
changed. Sulphniiilie acid is largely used in the 
preparation of dyes, e.q. methyl orange. 

Bulphate of Baryta {Mhi.) A synonym for 
Barytes (^r.r.) 

Bulphate of Iron {Min.) See Copperas. 

Bulphate of Lead {Mtn.) Anule.site. 

Sulphate of Lime (Mi'n.) See Gvpsum. 

Sulphate of Strontia (Min.) See Celestink 

Sulphates (f^’Acm.) Halts derived from .‘-ulphiiric 
acid. Tiie more important sulphates are described 
under the respective metals, q.r, " 

Bulphatlnd (Eleet. Ena.) A defect due to the 
funuatioii of lead sulpiiate on the plate.s of a 
secondary or storage cell. 

Sulphides Compounds forme<I by the 

union of sulphvir with another element or group of 
elements acting as a single element. The tiietallic 
sulpliides may be regarded as salts of sul])hure(tcd 
hydrog' ii. The more important sulphides are de- 
sciibed under the respective metals, eto. 

Sulphites (Chem.) Halts derived from sulphurous 
m.id. Tlic more important sulphites are described 
under the respective metals, etc. 

Sulphite Wood Pulp (Paper Mamfae.) I’ulp 
prcpiired from wood by treatment a ith bisulphite of 
lime under pressure. See Wood Pulp. 

Sulphoeyanatei (f^etn.) (alto called Sulpho- 
eyanldee). Halt.s of the unstable sulpbocvanic acid, 
IICNH. The most imjan-tant sulphocyanates are 
tiiose of potassium, ammonium, mercury, and silver. 
Ammonium snlphocyanate closely re-sembles the 
potassium salt (me Potassium Compounds! ; it is 
obtained by warming a mixture of alcohol, ammonia, 
and carbon disulphide; like the cyanate, it undergoes 
rearrangement on heating—forms sulphourca. See 
(JUANiDiNE. Tire mercuric salt, Hg(CN8)j, is formed 
by double decomposition; it is the substance used in 
making Pharaoh’s serpents. Tlie silver salt, AgCNS, 
is also made by doable decomposition, and is 
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insolnble in nitric acids. Ferric sulphocyanate gives 
a blood red coloration in water, and its formation is 
used as a delicate test for ferric salts. 


Bnlphooal (C7i«n.) (CHAC (SO,C Hj), (Diethyl 
sulphonedimetbylmethane). Thick,colourless prisms; 
melts at 12(>°; boils about SOU” ; sparingly soluble 
in cold water, much more soluble in hot water; 
spuingly soluble in alcohol; soluble in chloroform. 
It is a good hypnotic, and is used in medicine. It is 
a very stable sobstanoe; heated with potassium 
cyanide or charcoal it gives a smell of mercaptan; 
fused with caustic potash it gives a smell of mustard 
oil. It is prepared by treating sodium ethyl tluo< 
sulphate (from aqueous solution of sodium thio¬ 
sulphate by heating with ethyl bromide) with acetone 
and hydrochloric acid, when acetone mercaptol is 
obtained. The thiosulphate and hydrochloric acid 
give mercaptan, 

(CH,),CO + 2H8. aHj = (CH,),C(SC,ns), + n^o. 
The acetone mercaptol on oxidation with potassian\ 
permanganate gives sulphonal. Also obtained by 
condensing aldehyde and mercaptan with hydro¬ 
chloric acid, oxidising the priMluct witli potassium 
permanganate, and dissolving the cthylidenc dictbA 1- 
sulpbone with methyl iodide in benzene, and adding 
sodium : 


cn.cHO _> 

Glbjrlitlcue Mercaptol, 
B.P. 1FC» 

Bthylulene PiettiTlsalphone, 

M.P. 75“. 


Bulphonation (Cliem.) The operation of making 
bulplionic acids. 

Bulphonic JLeids (Chem.) Acids of the formula 
R.SO.,.OH. Tliey are strong acids isomeric with 
tlio sorrt-sponcling snljdiites. The alkaline snlphitc.s, 
however, liave mtjst probably the sulphonic constitu¬ 
tion. Examples of inorganic stilplionic acid.s arc 

chlorosiilphonic acid, from .sulphuric acid 

by the action of phosphorus pcntacliloride, and 
hydroxylainine disulplionic acid (salts only known), 
obtauied by passing sulphur dioxide in a solution in 
molecular profiortions of potassium nitrate and 
bicarbonate— 

110. NO + 211.80,011 = HO. N(RO,OIl)„ + Iip 
The sulphonic, acids of Mie fatty series iirc not \ery 
important j they may lie obtained by oxidi.sing 
merca]>taus iq.v.') with nitric acid. Taurine (f/.r.) 
is a fatty sulphonic acid of pliysiological interest. 
The aromatic sulphonic acids arc of great technical 
Importance; unlike the fatty acids, they can be 
obtained by the direct action of sulphuric acid on 
aromatic comjxumds. All suljihouic acids yield 
chlorides when their alkali salts are treated witli 
phosphorus chlorides, and the sulphonic chlorides 
easily yield sulphonaraides when treated with 
ammonium carbonate— 

K.SO.OK -> RS0.,C1 RSOjNH, 

TClj Nil,1100, 

For examples of sulphonic acids, get’ Bknzenk 
Sulphonic Acid; the various Naphthalene 
Deeivatives; Sacchabin ; Bdlphakihc Acid. 

Bulphor (Cfiem.) 8. Atomic weight, 32-06. A 
yellow solid elemtint which belongs to the same 
chemical family as oxygen, Group VI. of the Periodic 


System. It is capable of existing in many different 
forms: a- or rhombic form: this occurs natumlly, 
and is obtained in octahedral crystals, when any 
solution of sulphur in carbon disulphiite is allowed 
to evaporate at the ordinary temperature; it melts 
at 114*6°. This form can exist in various crystalline 
modifications, or monoclinic sulphur is obtain^ 
in monoolinic prisms by melting sulphur, allowing 
it to cool till a crust forms, piercing the crust in 
several places, and pouring out the still liquid 
sulphur; it melts at ]19’26°, is soluble in carbon 
disulphide, and exists in at least three crystalline 
modifications. The transition point for «- and 
, ^-sulphur is 95-5°; but if a-sulphur is heated some- 
I what above this temperature it will not pass into 
I the /S-forrn, owing to pljase inertia. On touching it 
with a crystal of /3-snlphar it will change at once; 

1 similarly /S-sulpbur can persist for a while, but 
ultimately passes into the a-form at the ordinary 
temperature. When benzene is saturated with 
sulphur at its boiling point, tlie solution will de- 
po.sit the /3-form above 75°, tl'cn a mixture of /S- and 
a-foims till 22°, below wlii<-li o-sulphur crs-stallises 
out. The cliangc of /3 to a is accompanied by 
I evolution of Ijeat. When sulphur near its boiling 
point is poured into cold water, plastic snljihur is 
obtained, an cla.«tic solid becoming brittle on stand- 
I ing, and insoluble in carbon disulphide. Milk OF 
I Sir:.PHt:B, which is used in medicine, is amor]-)hons 
I and soluble in carbon disulphide j it i.s obtained by 
i boiling flowers of sulplmv (2 parts) with quicklime 
i (I part) which has boon slaked with 3 parts of 
} water, and 13 parts of water, and precipitating the 
' solution with hydrochloric acid. When sulphur is 
! heated above its melting point, it changes from a 
' palc^-cllow liquid to a red liquid at 156’, increases in 
, viscosity to a maximum at 180°, and then diminishes 
I in viscosity to its boiling point at 444-5°. Its vapoui- 
density ju.st above its l>oiling point indioati-s a coni- 
plcx moleoule, probably 8j, but about 1,000° its 
vapour density corresponds to that of a diatomic 
! molecule, 8,. Its molccuLir weight, determined by 
the lowering of the freezing point (in naphthalene) 
and by the raising of the boiling point (in carbon 
disulphide), corresiwnds to 8g. Bulphur eonibints 
directly uritU most of tlie other elements on heating, 
i and with some at the ordinary temiwraturo. In air 
, it slowly combines with tl-.o o.xygen at ihc ordin.-iry 
temperature, forming the dioxide; in oxj gen it unites 
j at about 276° or in air at .360°, and burns with a blue 
'• flame; the principal product bcii^ the dioxide, only 
; a trace of the trioxido is formed. It combines with 
j mei-cury and silver at the ordinary temperature. 

1 Sulphur occurs uncombined in all volcanic regions. 
In combination it occurs as sulpludes. such as iron 
pyrites, FeS„, coi)per pyrites, CuFeBj, gali-ua. I’bS, 
zinc blende,' ZnS, cinnabar, 11 gS, stibnite, Rb^Sj. 
orpiment, As„S„ realgar, As^S.^; as sulphates, sucli 
as gypsum, CaSO ,21130 {see nUo Alab.istbk anil 
Selenite), heavy spar, BaSO^, ceiestino, SrSO^, 
j kie.scrite, MgSO.lljO; it also occura iu combination 
i in hair, protewis. mustard oils, bile acids, and as 
sulphuretted hydrogen ill many mineral springs. Most 
sulphur IS obtained in Sicily; the crude sulphur is 
linilt up in stacks on a sloping floor, the stack being 
covered with spent stuff from a previous operation; 
air openings are provide<l in the stack and cover, and 
the sulphur is ignited, when it melts and flows out 
at the lowest part of the floor into troughs. It Is 
purified by distillation in an iron retort, and con¬ 
densation in a large brick chamber; the first portions 
are solid and form the flowers of sulphur of com- 
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merce; but when tlie chamber gets hot the sulphur 
melts, and this part is cast, forming ordinarj stick 
sulphur. A certain amount of sulphur is obtained 
from alkali waste by Chance's process {q.v.y 

Bnlphui* (Min.) Native sulphur; oi%orbombic, 
also massive and in incrustation; yellow to reddish. 
U is one of the group of minerals often asssociated 
with Gypsum. Rarely found in metalliferous veins, 
as at Rufton mines in Westmorland. Considerable 
deposits occur in volcanic regions, as in Sicily, near 
Naples, in Iceland, Java, etc. Also from Spain, 
Chile, California, Hawaii, etc. 

SalphttP Compounds (Cliem.) Htdbogbn Sul- 
pniDK, IljS (Sulphuretted hydrogen). Is a colourless 

f as; melts at —86°; boils at —62°; soluble in water 
1 vol. of water dissolves 3’23 vols. of the gas at 16°), 
It has a foetid smell and is very poi.sonous (0-05 per 
cent, in air produces marked symptoms of poisoning 
in a few minutes). On heating, the ga.s begins to de¬ 
compose into its elements at 4()t)^. It burns easily in 
air or oxygen—to sulpburdioxide and water when tbo 
supply of oxygen is sufficient; to sulphur ami water 
otherwise. The halogens decompose it, chlorine, for 
example, giving sulphur and hydrochloric acid, or if 
the halogen is in excess, sulphur chloride and hydro¬ 
chloric acid. Many metals decompose it: thus silver 
is blackened by it, being changed to sulphide, and 
tin, when heated m tlie gas, also decompo.scs it. 
Hydrogen 8uli>hido is a reducing agent, as the follow¬ 
ing examples show; 

2FeClj + H.,S = 2FeCl 2 + 2nCl + S 
2KMnO, + 41i..SO, + 5 H,.S = 2K11S(\ + 2MnSO, + 

811,f) + .IS 

2HsS + SO,,=211,0-t-3S 

A solution of the gas in water behaves .as a feeble 
acid ; when tlte gas is passed into solutions of alkalis 
it forms salts: 2KOH + Ilg,S = K.jS +211,0 and K.OH 
+ H.R = KSH+H„0. On passing the gas into a 
solution of a salt of a metal wliit;h forms a sulphiile 
insoluble in water, thatsulpliide is precipitated, com¬ 
pletely if the sulphide is insoluble in the dilute ircid 
liberated, incoraplotcly if the sulphide is soluble in 
the dilute acid liberated, e.t/, 

HgCh + 1L8=IlgS + 2HC1 

Imuituble. 

rrocipitation cotniilete. 

ZnRO, + IT„S=ZnS + H.,S(\ 

Suliiblo, 

Preciiiitatiun iiicomiilcte. 

Hence the use of ljy<lrogen sulphide as a reagent in 
qualitative analysis ( q . v .) Kulplmrettcd hydrogen 
occurs as a pro<luct of the putrefaction of proleid; it 
also occurs in many mineral waters, such as those of 
Btrathptdfer and Harrogate. It is obtained by pass¬ 
ing hydrogen into boiling sulphur or for ordinary 
laboratory puiposes by the action of dilute hydro¬ 
chloric or sulphuric acids on ferrous suljihide. Wlicn 
required pure, black antimony sulphide is heated 
with concentrated hydrochloric acid. The gas Is 
easily recognised by its turning strip.s of filter |>aper 
which have been dipped in lead acetate solution 
black, or by its smell. Jialotjen Compounds: Tlie 
HBXAFLUOltlUE, BFg, is a colourless, otlourles.s, and 
very stable gas; it is obtained by the direct action of 
fluonne on sulphur, when tlio sulphur burns and forms 
•a mixture of fluorides. The mixture is liquefied at 
—80°, fractionally distilled, treated with concen¬ 
trated caustic potash, and dried over solid potash. 
SULI'HUU Monochlobidk, S.,C1„ is a reildish yellow 
liquid ; boils at 138° ; has unpleasant smell; readily 
dissolves sulphur, and is on. this account used in 


vulcanising indiarubber; it is decomposed by water, 
but not in a simple way. Among the products are 
sulphur, sulphuf dioxide, and hydrochloric acid; 
metals yield chlorides and sulphur. It is prepared 
by passing dry chlorine over gently heated sulphur, 
leaving some undissolved sulph^ur, and reel ifying the 
pi;oduct till it boils constantly at 138°. The remain¬ 
ing halogen OOmimunds are unimportant. Omdes: 
SULPUCB Dioxidk, bo, (Sulphurous anhydride), is a 
colourless gas; molts at —76°; boils at —8°; has a 
keen, choking smell; very soluble in water; at Of 
1 vol. water dissolves 7!>‘79 vols. of the gas, and 
at 20°, 3‘J’37 vols. It is a very heavy gas, being 
just over two and a quarter times as heavy as air. 
Sulphur dioxide is decomposed by strong sunlight to 
sulphur and sulphur trioxide, and electric spark.s 
priMlnco the same elfcet,, but tbo decomposition is not 
complete. It unites directly with chlorine in sun¬ 
light to form sulphury] chloride, SO, + Cl..=80,01;,. 
It. unites witli oxygen when the two gases, dried over 
sulphuric acid, are pas.‘<ing over heated platinum 
l>lack, BO, + O = 80,, A nuinlier of metals burn in it 
when heated, forming sulphides and oxides, and in 
the case of pot.'i.^sium, su4>liitc and thiosulphate ; 
lead dioxide unit»is energetically with it to form 
lead sulphate. The stilutnin of snlphnr dioxide in. 
water behaves as a weak dibasic acid—SUPPHUHOTTs 
Acid, 80.j + H,0 = H,S0,; its salts are calle<l Siri-- 
PHiTKS. SuliAiurous acid unites with oxygen to 
form sulphuric acid, and is therefore a reducing 
agent, a disinfectant, and a bleaching agent. As 
examples of its reducing action m.ay bo given : 

Fo..(SO,), + II .SO, + H,.0=2FeSO, + 2H..SO, 

■ 2Cr»), + :fH.,80, -.‘Cr.,(SO,), + 3H.,0* 

Oran^. (irceu. 

As a <lihinfectani it is used in rooms which have 
been cjceupieil by persons suffering from infectious 
diseases. As a preservative it is used in solution for 
painting over meat in wai-m weatlier. In bleaching 
it is used for material which would be injiii'-d by 
chlorine, sueU as blankets and straw. The gas ffiay 
be prejiared in a variety of waj-s, e.g. by burning 
snlphnr in air or oxygen, by tho action of mo.st acids 
on sulphites, by heating copper, mercury, silvci-, or 
carbon with concentrated sulphuri^ aci<l when the 
latter is reduced to sulphurous aeid. The gas i.s 
{■asily <leteetcfl by its smell and its property of turn¬ 
ing a strip ot filter paper moistened with a solution 
of a chromate peon. Bci.phub Tbioxide, 80,(Sul¬ 
phuric anhydride), is a white solid crystallising in 
silky needles or in prisms; melts at 10°; cqjpabines 
with great energy with water to form sulphiiriu acid, 
and with ba.sie oxides to form salts: thus barium 
oxide becomes red liot and forms the sulphate. It is 
prepared by direct union of the dioxido and oxygen 
in jiresencc of heated, finely divided platinum. Both 
gases must be dry, and so, toOj the apparatus; it may 
also be prepared by distilling faming sulphuric acid. 
By the former of these methods it is prepared on a 
very largo .scale for the manufacture of concentrated 
sulphuric acid and faming sulphuric aeid, BUL- 
FHUBic Acid, Hj^SO, (oil of vitriol), is a colourless oily 
liquid which fumes slightly in ah*; melts at 10*5°; 
sp. gr. at 1.6°, 1-8.‘18; Ixjil.s, with decomposition into 
anhydride and water, and its boiling point attains a 
maximum at 338°. The ordinary pure concentrated 
acid of the laboratory contains about 96‘6 per cent. 
H,S0„ and has a specific gravity of l'84*at 16°, Acid 
or 97'7 per cent, has a specific gravity of 1'8415, and 
acid of 99‘2 per cent, has again a specific gravity of 
1'84. The acid of strength between the last two 
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appears to have some remarkable properties; thus it 
absorbs sulphur trioxide far better than at any other 
concentration; the maximum boiling point is possessed 
by an acid of per cent. ; further, acid over 97-7 
per cent, has a peculiar action on cast iron, for when 
heated in cast iron vessels they do not appear to be 
attacked, but after a while they will suddenly break. 
Such acid can be heated in wrought iron vessels 
without these being attacked. 8ulph0rio acid unitc-s 
with water to form several definite hydrates, e.g. 
ll„80,Ilj,(), which is a crystalline solid and melts at 
'8°, and IIjS(\4H„0, which melts at —25“. On mixing 
the acid with water, nruch heat is given out; the 
mixture in gram molecular proportions evolves 6,33fi 
calories, while every extra gram molecule of water 
added gives a less and less amount: thus, when 5 
gram molecules of water have been a'dded, the total 
heat evolved is 13,020 calories. On account of its 
allinity for water, sulphuric acid is often-used as a 
drying agent: thus gases not acted on hy it are 
bubbled through it to dry them, and substances are 
often dried by cxiiosing them in a basin over strong 
sulphuric acid iu a closed vessel (desiccalor), which 
may or may' not be cxliausted of air. Al.so the acid 
will often take away the elements of water from a 
compound when jillowed to stand with it, or on heat- 
• Ing with it ; e.g. blue copper sulphate bccorncs white, 
formic acid on heating gi\es carl)on monoxide,oxalic 
acid givc.s both oxides of carbon, cane sugar gives 
charcoal and water. The more easily oxidi.sable 
metals are oxidised to sulphates when heated witli 
the strong acid, while the part of the acid 
which has ciTccited the oxidation is reduced to 
sulphurous acid. Many ling compounds are 
converted by heating witli the strong acici into 
sulphonio acid.'i (i/.r.) Wh^ tlic strong acid is 
hcatc<l with salts of acids more volatile than sulphuric 
acid, a sulphate is formed, and the more volatile 
.acid will eseai>e if the reaction mixture is kept at a 
suitable tcinpc'rataro: the pre])avation of hydro¬ 
chloric acid, nitric acid, and ghioial acetic acid arc 
illustrations of this statement. The diluted atud has 
the properties of a strong dibasic .acid, dissolving 
many metals, with liber.ition of hydrogen and 
formation of a snlphatc, and converting innny basic, 
oxides, hydroxides, carbonates, and sulphides to 
euliihatcs. Tiio less concentrated acid is prepared 
by allowing a mixture of sulihur dioxide, air, higlicr 
oxides of nitrogen, and st(!:im to re,aet in le.-wlcn 
chandlers at alxuit fiO", when a complex sciies of 
reactions occur.'-, .such as-- 

, - Sn,-Hll„0 + N0,.=]I,St\ + N0 

/On 

' 2S0, -t up + >!(), + NO + 0*=2S0./ 

/Oil /OH 

2St)./ ■sH,0=280/ -t-NOj-t-NO 

*\no., \oh 

from which it i.s sw’n tliat the oxides of nitrogen act 
onlv as carriers of oxygon. The most concentrated 
acid and also fuming sulphuric acid are prepared by 
passing washed dust free and dried sulphur dioxide 
and excess of air over platinised asbestos, which is 
heated to about 425° to start the reaction, then cooled 
by the entering gases subsequently, ns the reaction 
once started evolves heat. Ordinary concentratea 
suiphitric acid (9o'C> per cent., can be cou'^rted 

into 100 per cent, acid by freezing or by adding 
the calculated quantity of sulphur tnoxide. 
SuiiPHUBXO Acid Manupactobb. Sulpbuno acid 


is used on an enormous scale iu the manufacture of 
sodium carbonate; of other acids, such as nitric and 
hyclruchloiic and acetic; in oil refining, in indigo 
inaking,.«in the manufacture of many dyes. Acid 
C uLOBiDBa* OP SuLPHCBic Aoid : (1) Chloro- 
-Cl 

sulphonio acid, BO„ \qui is a colourless fuming liquid; 

boils at l.'52°. It is obtained by the direct union of 
sulphur trioxide and hydrogen chloride— 

SO,-sHCl=SO,<^jj 

and by the action of phosphorus pcntachloride on 
sulphuric acid— 

/OH /Cl 

so/ +PCl.= SO,/ -frOOL + HCl 
••‘XOH ‘ \0H 

(2) Hulphuryl chloride, S0j<^,|, Is a colourless 

fuming liquid; boils at 69°. It is occasionally used 
as a chlorinating agent in organic chemistry. It is 
made by the direct action of chlorine on sulphur 
dioxide in sunlight, or by boiling cblorosulphonio 
.acid with mercuric sulphate (I per cent. : it acts 
!W a catalytic agent). Doth tliese chlorides of 
sulphuric acid are of interest as throwing light on 
the cqnslitution of sulphuric aoid, for besides the 
methods of formation which show their relation to 
sulpliuric acid vciy clearly, they are both decom¬ 
posed by water into hydrochloric and sulphuric 
acids— 

/ Oil /OH 

SO..( -^UOJI-SO./ -^HC1 

\ci ‘Noil 

/Cl /OH 

B0..( +2nOH = SO.,< -H 211 Cl 

‘\C1 \OH 


FuMiNf. Sulphuric Acid, (Nordhausen 

' sulphuric add; Disiilphuric acid; I'yro.sulphuric acid), 
i i.s a colourless, oily, fuming liquid. It gives off 
sulphur trio.\ide on warming. Unites with great 
energy with water. It is used in the preparati<m of 
.aromatic 6ulph''iiic adds. It forms a definite series 
ofsalt.s, of wliUh the sodium salt is typical. This 
salt is obtaiued by carefully heating acid sodium 
sul^ibate— 

/ON a /ONa 


SO/ 

\on 

/OH 

so/ 


SO,y + H,0 

80,/ 

\0Na 


\ONa 


The acid is prepared by pas.sing sulphur trioxide 
into concentrated sulphuric acid, also by distUling 
parti^ly roasted ferrous sulphate. As a manufac¬ 
turing process the latter method has been replaced 
by tlic former. Ordinary fuming sulphuric acid is 
usually a mixture of disulphuiic acid and ordinary 
snlphurio acid or sulphur tnoxide, according to the 
strength of the fuming achl. I»ew3ULPHU1UC Acid, 

/OUUO\ 


The pure substance is unknow»i. An aqueous solution 
is obtained by decomposing barium pc’^sulphate with - 
dilute sulphuric acid. The anhydride is obtained 
by passing a silent electric discharge through a 
mixture of suliilmr dioxide and oxygen, as an oil 
which cn-stallises at 0°, and has the formula ; 
but when water acts upon this it decomposes in part 
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to buljiliuric acid and oxygen. When strong &ul{>hatic 
acid acts on a pcrsnlpliate, persnlphario acid is 
liberated, but a part of it reacts with the snlpharic 
acid to form another acid—anhydromonopersnlphnric 
acid. When strong sulphuric acid is electrolysed or 
treated with hydrogen peroxide, persnlphutic acid is 
formed, but the excess of sulphuric acid converts some 
of it to anhydromonopersulpburio acid. It forms 
a whole scries of salts, of vrhich the potassium salt is 
the least soluble. See TotASSinM CoMPOtTNDS. 
AMHYDBOMONOPiSBsuLPnnBio AcH> (Caro’s acid) : 

Monopcrsulpfauric acid has the formula 

but it is unknown. Its anhydride, therefore, will 
have the formula 

/O-OHHO-Ov 
SO,. SOj 


which is Caro’s acid. This acid is not known pure, 
but forms a pretty stable sulphuric acid or phosphoric 
acid solution, which also contains persulpburic acid. 
Such a solution may be obtained by grinding one 
part of potassium persulphate with two parts of 
concentrated sulphuric acid, allowing to st.nnd an 
hour, pouring on to ice, and precipitating sulphuric 
acid bj’ barium ijho‘>phate. That it has the anhydride 
formula i.s shown by the fact tliat its calcium salt on 
hydrolysis decomposes thus: 

CaSjOg + IljO=CaSO, + H + 20 

Caro’s acid is much used as an oxidi.sing agent 
in organic chemistry. See Nithoso Comitoukds. 

Thiosulphubic Acid, IlA^s’^^^Xsir 

free acid is unknown, for when an acid is added to 
a thio.sulphate to liberate tbiosul]>hiiric acid, the 
liberated acid immediately begins to decompose— 
II,S„O,=IT,0+S0„+K 

See TiiiosrLpn ATKS end Kodittm Compoi'NDS. Other 
sulphur acids are known, t'.y. Oithionic acid, llj&i,/>„; 
Trithionic acid, Uj,!5gOo, etc., uj) to Ilcxathionic acid, 
IJ^iSgOj. For other inorganic sulpliur compounds Sic 
Carbon Disulphidu, HypostLPHUEoua Acid, 
and IlYPOSULPHlTRS. Jlany organic suljihur com¬ 
pounds are known (c.^. see Mebcaptan.s, Mt;.STABn 
OILS, Kulpmonic Acids). When four different 
monovalent atoms or radicals arc united to a sulphur 
atom, stereoisomerism is possible (asymmetric 
sulphur atom). Thus, when a-bromacctophenone and 
methyletliyl sulphide are allowed to act on each 
other, rticy readily react to form mcthylethylphenacyl- 
sulpbinc bromide— 


CH Ni 

" )S + BrCIl,CO.C„H.- 
C,H* 


cn,\ y^cngCoc.Hj 


sBr 


This compound, when boiled in alcoholic sfdution with 
silver rf-bromooamphorsulphonatc, yields a salt 
which by fractional cry'stallisation can be separated 
into the if-bromocamphorsulphonatc of the Isevo- 
base, which is the less soluble, and the d-bromo- 
camphorsulphonate of the dextro-basc, which is 
contained in the mother liquors, and is purified by 
crystallisation from acetone. 


Sulphuric Icld Manufacture. Chambeb Pbocebs: 
The “chamber” into which the nitroxygen gases, 
sulphur dioxide, and steam (or atomised water) are 
led in order to form the “ run ” of acid is a large 
rectangular arrangement composed of a “ saucer” and 
“ curtain ’’ (q.v.) usually supported on a floor carried 
by brick pillars about 12 or 16 ft. above the ground. 
Ilie enrtun is suspended by straps of sheet lead from 


a wooden framework or scaffolding. The yield of 
acid is gauged by the “ acid drip ” (g'.v.) The sulphur 
dioxide passes up the Glover Tower (j.t?.) before 
entering the chamber, while tlie exit gases are 
scrubbed with sulphuric acid in a Gay Lussac Tower 
(q.v.) in order to retain any nitroxygen gases that may 
escape. These are return^ to the chamber by means 
of the Glover Tower. The resultant chainber add is 
syphoned out of the saucer and concentrated to a 
specific gravity of 1*7. It is also further rectified in 
glass or platinum lined retorts. The commercial 
products are known as B. 0. V. (Brown Oil of Vitriol) 
and R, O. V. (Rectified Oil of Vitriol). The size and 
disposition of the chambers are of importance. It is 
now customary to allow 12 or 13 ft. of chamber space 
}ier lb. of sulphur burnt; also the cliambers should be 
at least four times as long as they are high. The 
introduction of the gases at the bottom of the chamber 
is now accepted as preferable. The object of such 
large chambers is to dissipate the heat evolved during 
the chemical reaction. The introduction of J’LATE 
Towebs between the chambers, in a series, is now 
often adui>lcd, tiic passage of the gases being assisted 
.aud controlled by fans. These plate towers are 
rectangular or round, and are packed with porcelain 
saucers or reticulated plates altoui 3 ft. in diameter, 
down which water or weak Jusid passes, meeting the 
gases a.s they ascend. A system of tangential 
cliambers is being introduced, but at yirosent is only 
in the experimenliil stage, though on the large scale. 
The nitroxygen gases required (vide Chamber Re¬ 
actions, suj/ra) arc always obtained by beating 
cubic nitre (nitrate of sodium), commonly known as 
Chili saltpetre, with sulplniric acid in nitre pots. The 
source of the sulyihur is of considerable im])ortance, 
and the finished prinluct is generally classified for 
trade purposes as pyrites acid, spent oxide acid, and 
brinistono acid, acconling to the source of sulphur. 
There is always the risk of arsenical contamination 
when iron jjyrites (FeS^) is used (see I'yaiTEa 
Burner), which is objectionable in the case of, acid 
destined for use in the blowing or mineral water 
industries. Brimstone acid is the pure.st for sucli 
fturpose.s, being made with sulphur di<jxide obtained 
by burning Sicilian sulphur. Spent oxide acid is also 
virtually a pure sulphur acid, since spent oxide is 
lijdrated oxide of iron which has been saturated with 
sulphur compounds and free sulphur in the purifica¬ 
tion of coal gas (q.r.) It is often preferred on this 
account for the manufacture of sulphate of ammonia, 
which is largely used as a fertiliser, in which arsenical 
compounds would bo objectionable. Caro must be 
exercised when working with unwashed spent oxide, 
or trouble will be experienced with the acidity of the 
chamber exit, which is restricted by law to 4 grains 
per cubic foot, calculated as sulphuric anhydride. 
The average acidity from all chambers in the United 
Kingdom during the yiast few years has been atout 
1*2 grains per cubic foot. Bomo spent oxides rich in 
ammonia and other nitrate-consuming compounds 
cannot be used without previous washing. Though 
the chemistry of the formation of sulphuric acid is 
at first sight comparatively simple, the actual re¬ 
actions taking place in the chamber have long been 
the subject of much controversy. The loss of nitre 
has always been a mystery that it has been sought to 
solve by many theories. Undoubtedly the amount of 
steam admitted into the chamber has much to do with 
successful working, though tliis has to be regulated 
so as to keep the yield of chamber acid at or below 
1-6 sp. gr. The careful working of the Gay Lussac 
Towei is anotliOT Important factor, particularly m 
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relation to the loss of nitre. Thanks, however, to 
physio-chemical researches in connection with the 
fractional distillation of liquefied gases, it has been 
possible to dispose of most theoretical arguments 
concerning the loss of nitre, for in this way it has 
been proved that the loss is due to mechanical con¬ 
ditions arising from working on a large scale. There 
is practically no chemical loss, and hydroxylamino 
products are not fonned in the normal working of a 
chamber (J.S.C.L vol. xxiii. p. 043). The establish¬ 
ment of this fact is of great assistance, us it points 
directly io the sections of the plant which must 
be watched for the leakage of nitre. By the aid of 
the Plate towers the loss has been reduced to 1‘3 
p.arts 100 of sulphur. -fiATALYTic on Contact 
Pbockssi This method is confined to the production 
of sulphuric anhydride (BO,) and very conccntnited 
sulxiburic acid, chieiiy in Germany and the United 
Btates of America. In 1888 only 18,.’KK) tons were 
being produced by one contact process, which in 
ISMX) Lad increased its output to ll(i,0fi0 tons. In 
1303 there were twenty-three plants abroad working 
the Behroeder contact process, apart from other 
jiatents. In this country, however, there arc only 
tliree works—two in England and one in Scotland. 
Mucti difficulty is experienced in keeping the acid 
exit below the legal limit, and ll.M. Chief Inspector 
of Alkali, etc., IVorks, expresses the opiuhui that, 
owing to the limited uses for such concentrated acid, 
the extension of this j)n>ccsa is not anticipated. It 
is choaper than conceutrutioii for the production of 
HO,, but for acid below G0° 1^. it cannot profitably 
compete witli the chamber ])rocess. 'J'he process has 
been briefly described under Hci.phi:b Tkioxtde 
(vide xujrrci), but the following additional points arc 
of interest. The contact material rcqnhcs to be 
kept at about dOtr. There is no reaction at 2(10“ but 
;it 300“ dissociation bikes jdace. the trioxide formed 
from the rni-xturc of HO, and air (1: 3) rcicrtiiig to 
the dioxide. As in the chamber process, it is most 
impor^nt to remove the heat of the reaction, which 
in this case amounts to 22,(!00 calories. The com¬ 
position of the mixture of BO, and air, and also the 
rate of flow, are faitors airu'cling the production. 
The presence of arsenic in pyritic BO, is very soon 
filial to the coni act material, and great care has to 
be exercised in keeping this and other impurities out 
of the reactinfj gases. A vast numl>cr of catalytic 
agents ha ve been suggested, but platinised a.sbe.stos 
or other allied material has so far been found best. 
The.])roccss is thus shown to bo essentially a refine¬ 
ment of the laboratory method operated by Bir 
Ilumphri’ Oavy in 1817.—C. Ji. N. 

Balphurie Ether (Chem.) A common name lor 
Ethei: (iji.e.) 

Sulphur in Iron (Met.) A small amount of 
sulphur renders iron IIed Bhokt or brittle when at 
a red heat; it also destroys its welding properties. 
The addition of manganese lcsscn.s the deleterious 
effect of the sulphur. 

Snlphnryl Chloride (f7/im.} flte HcLmrit Com¬ 
pounds. 

Sumach (Botany). The finely ground leaves of 
Hioiliau Sumach, Um$ (7i>rtart«(oriler, A }iacardiacea<\ 
and the myrtle-leaved Sumach, Coriaria MyHiJTKito, 
both cultivated in Southern Europe, constitute the 
tanning material known as sumach. See also Dtes 
AND Dybino. 

Bummer Bolstioe (Astron.) See Solstices. 


Bnmjp (Mining). Any mccavation below the floor 
of a mmc, especially a pit in which water collects. 

Bun (Astron.) (1) The nearest of all stars and the 
centre of our system. A hot self-lnminous body. 
Mean distance, 93,0(K),0()0 miles; diameter, 8CG,400 
miles; period of rotation about 25d. 7h. The sur¬ 
face of the sun, the Thotosphebb (q.v.) has a grey 
background covered with granular forms termed 19o* 
DVLES or liTOE-eBAiNa. Above this is the Chbomo- 
SPHEBE (q.v.), in which occurs the bevebsino LAYEB 
whence the Fraunhofer's lines (q.v.) arc supposed to 
originate. The Faculas (q.v.)ate found in all parts. 
lSe 3 'ond all these is the Cokoka (q.v,), to be observed 
only during eclipses. The material of the sun, as 
revealed by the spectrum, has many elements that 
are known on the earth, while others have no counter¬ 
parts. (2) Any star that is the centre of a system. 

Bun and Planet Motion (B7iy,) A device em¬ 
ployed by Watt in place of a crank; tliis use is now 
obsolete; but it is now used in certain forms of 
Speed Gears (q.v.) 

Sun Dial (Afitro)i.) A rod termed a Gnomon or 
Btyle casts a shadow on a suitably divided pJate. 
The position of f he edge of tlje shadow indicates the 
Apparent Bolar Time. Sec also MEAN Bolab Day. 

Sunk Winding (Elect. Eng.) Conductors laid or 
wound in slots or grooves in the surface of an 
armature. 

Sunk Work (Build., etc.) A recess or sinking 
below the general surface of an object. 

Sunn Hemp (Boiany). An Indian shrub, Crota- 
laria juncea (onler, Leguminosw), producing a valu¬ 
able fibre (or cordage, etc. It is prepared in a similar 
manner to Ilenip ami Flax. 

Sunshine Recorder (Mrtoreol.) An instrument for 
liroducing a continuous record (usually on 2 >bolo- 
graphic jjaper) of the time during which the sun 
shines each daj’. In some cases the intensity of the 
radiation received by the instrument is also recorded. 

Bun Spot (Axtron.) One of the apparent dark 
sjiots on the disc which appear from time to time, 
and which move across the disc owing to the solar 
rotation. Caused by relativelj' cool matter falling 
towards the centre from the higher roaches of the 
solar atmosphere. 

Bun Spot Periods (Astron.) The number of spots 
varies from year to year. The interval between the 
time when there are fewest spots to the next similar 
condition is about eleven years. I’here is jiossibly a 
longer jjeriod of about thirtj-five j ears in addition, 

Bunstone (Min.) This term is used for any of the 
Aventurine varieties of the Felspars (see I’bbcioL’S 
Ktones). The characteristic apiiearanco is duo to 
spangles of mica included in the Felspar giving a 
golden reflection. 

Bupercalenders (Paper Manufac.) A stack of 
specially arranged polished rolls, used for impaiting 
a very high surface to paper. 

SnperaoolinS or Buperfusion (PJiys.) A liquid 
which is free from solid particles can usually be 
cooled some distance below its irecring point if kept 
still. Movement, or the introduction of a piece of 
the solid, causes the liquid to solidify with evolution 
of latent heat and consequent rise of temperature. 

Buper-elevation (Eng.) The raising of the outer 
roil where a curve occurs in a railway. The object 
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is to counteract the centrifugal force, which tends to 
throw the vehicles off the rails when travelling at 
speed round the curve. 

Sapevheated Steam See Btbah. 

Buperlop Figures, Superior Letters 

Bmalt figures or letters on the shoulder of type, 
used as references to footnotes, abbreviations, etc., 

’ = *,**'*, N®‘ for number, ° for degree. 

Superior Planets {Aatron.') Those whoso orbits 
lie outside that of the Earth, Lc. those which are 
more distant from the Bun. Tlioy arc Mars, the 
Asteroids, Jupiter, Saturn, Uranus, and Neptune 

Supernumerary Bows ( Meteorol.) See Rainbows. 

Super-octave (Mvnc). A coupler in an organ 
which causes the note an ocliive above the note 
played to fall. Cf. Bi’b-octave. 

Superphosphate iChem. Terh.) A commorci.al 
term for monobasic plin.'^phatc of lime (f.c. soluble 
phosphate). Largely used n.s a source of plio.sphorus 
in the manufacture of compound fertilisers. Ob¬ 
tained by treating ordinary mineral pliospliate.s 
(tribasic phosphate of lime), such as Somme, Florida, 
Algerian, or Carolin.a pluisphale rock or pebbles, 
coprolites, etc., witJi suljihuric acid. Unless the 
tribasic phos])hatc is thoroughly converted by acid, 
there is a tendency to “revert” to dicalcic phos- 
j)halc, which is insoluble. 

Superphosphate of Lime {(.’hem..) Calcium 

OOMl'OUNDS. 

Super Boyal {Paper). I’rinting ])ap.ct size 
27^ X 20jiu. ; writing paper, 27 x 19 in. 

Supersaturated Solutions {Chem.) See Solu- 
TION.S. 

Supersaturation {Phye.) A saturated solution in 
which no solid particles of the di,■.solved substance 
are present can be cooled without deposition. Tlie 
solution then contains more of the ilissolved sub¬ 
stance than conesponds to a saturated condition, and 
is said to be Supersaturuted. 

Bupertonio Abo\c the touii-. Tlie 

technical name of tlic second note of a scale. 

Supplement of an Angle. The difference between 
the angle and 180“ or two right angle.s. 

Supply Mains {Elect.) The mains or principal 
contluctors by wViich electricity is distributed. 

Supply Steam (Eng.) 'l ive steam at entrance to 
a cylinder, as distinguished from tlic Exiiaubt 
Steam. 

Supporters (Her.) The figures which appear on 
each side of a shield, holding up or protecting the 
same. Their origin is uno«;rtain. Supporters are 
borne by peers of t he realm, by their sons who enjoy 
lionorary titles, and 1-y knights of various orders. 
They are also borne by persons of other rank, who 
have derived them from ancestors entitled to bear 
them. Bpiritual peers do not bear supporters. 

Surbase (Arehiteet.) The cornice or upper 
moi Idiiig of a pedestal (g.v.) 

Supcoat {Cost,) A loose outer garment; sjfecifically, 
a loo.se, sleeveless coat or robe worn over armour in 
the Middle Ages, and girt in at the waist by the 


sword belt. The later examples were generally em¬ 
blazoned with the arms of the wearer. 

Surface Carburetter (Motor Cars, etc.) A form 
of vaporiser for petrol engines, in which a large 
surface of liquid is exposed to contact with air, 
evaporation occuning at the ordinary temperature 
of the atmosphere. In the commonest forms a large 
tank is nearly lialf filled with the liquid petrol or 
other motor spirit, and the air in the space above the 
liquid becomes charged with vapour. From tliis 
space the gaseous mixture is drawn into the cylinder 
through a supply pijje. The supply of air is ad¬ 
mitted through a vertical pipe, the upper end of 
which opens into the atmosphere; while the lower 
end dips under the surface of the liquid in the tank. 
As the gaseous mixture is withdrawn, fresh air is 
drawn into the chamber through this})ipe, and it can 
only reach the space alwve the liquid l<y pa.ssing 
through the latter in a series of biibhles, thus pro¬ 
moting evaporation. Valves arc fitted for controlling 
the amount of the gaseous mixture dr.aw'n into the 
cy Under at each stroke, and also for regulatuig the 
amount of air in the mixture. The surface car¬ 
buretter is now little used, on ai-count of its large 
size and other objections, and the varion.s forms of 
Spray Carburetter (i^.r.) have largely superseded it. 

Surface Condenser (Eng.) The device employed 
for condensing exhaust steam, without mixing it with 
cold water. The steam is brought into contact with 
a cold surface, in the form of a large number of 
brass tubes. 'J'he.se are cooled by a regular How of 
cold water, the CIRCULATING WATER, which may 
tlow through the tul>cs while the. steam circulates 
round them, or rice versa. By this mctin.s impure 
water or salt water may be u.'.ed for ttondensing the 
steam, while the latter is kept pure, and may be 
returned to the boiler after condensation. Burfaco 
condensation is now universally used in marine 
engines. 

Surface Density (Elect.) The quantity of « Icc- 
tricity per unit of area of a charged body. 

Surface, Equipotential (l‘hys.) A surl'ucc such 
that the ]>otcntiat at any point has a constant 
value. The surface of a charged conductor is an 
ox.'implc of an equipotential surface; the equi- 
Ijotential surfaces due to a charged sithuro, at a 
rlistanco from other bodies, arc conceniric, spheres 
tlescjibed in the medium suiTonnding the sphere. 

-Measurement of. See Weights and 

Measures. 

Surface Plate (Etig.) A plate of metal for glass) 
who.se surface has been made as nearly as ])Ok.siblo a 
true idane. It is used for testing the accuracy of 
a plane surface such as that required to be produced 
on a slide valve, etc. 

Surface Water (Build.) Uain water which collects 
on the surface of the ground and is generally carried 
off by drains. 

Surfacing (/i'/fy.) (1) Turning up a plane surface 
in the lathe; this is only possible when the surface 
is at right angles to.the axis of the lathe. The tool 
moves across the lathe bed, at right angles to the 
axis; the slide rest is actuated either by hand or by 
gearing connected with a back shaft running along 
the back of the lathe bed; this shaft is itself rotated 
at a convenient speed by belts, etc., driven by the 
mandrel of the athe. (2) The term “surfacing” is 
also occasionally applied to the production of plane 
surfaces by comparison with a Surface Plate (y.«.). 
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iire^nlarities being grednally removed by a ScaAPBB 

4 T.) This process, however, is more usually termed 
Bobapino. 

BoHiB^diig Lathe (^»y.) Any lathe provided with 
mechanism for SuBFAcma (f.v.) 

Bnrmeimted Xpch (Build.') A stilted semicircular 
arch, a semicircular arch rising more than its 
span or radius. 

BiipyeyiiiB. Rurveying, in the widest sense, 
embraces the operations by which are determined the 
form, dimensions, and levels of portions of the 
earth’s surface, and of various works and structures 
permanently located thereon. These operations fall 
for the most part into three classes: (1) Measure¬ 
ment of Distances, (2) Measurement of Angles. 
(3) licvclling. (1) Meaturement of D'tgtarwn. This is 
effected in the great majority of practical cn,ses by a 
Chain, whose length is usually 66 ft. (or in certain 
cases 100 ft.) Tlic links, 100 in number, are made of 
straight pieces of steel wire, about 6 in. in length, 
with a loop at each end; consecutive links are 
joined by small loops, which, with the straight link, 
give a total length of 7-02 in. per link ; every tenth 
link is numbered by means of a small brass tall)'. 
Points are nuirkcd by rods or Aeuows stuck into 
the ground where the end of the chain rests at each 
measurement; the ends of a line, or other important, 
points oj- Stations, are marked by poles termed 
IlANGiNfj POLE.s, wldch are painted in prominent 
colours and may have a flag attaclied. Small dis¬ 
tances may be measured with a Tapk, preferably 
of steel, or with MliASUBINO Itoos. (2) Measure- 
•uirnt of Anglex. (a) The chain may bo used in 
cases wlierc the angle to be measured forms one 
of the angle.s of a triangle wliose sides can bo 
measured on tJio groun<l; llie length of the three 
sides being known, the triangle is completely deter¬ 
mined. (h) Tiie majority of angular measurements 
are made b\' the ‘J'iieodoi.ITE. This is in principle a 
tolescjpjio which can be turned about on either a 
vertical or a horizontal .axis, the angles of rotation 
being measured by graduated circles provi<lcd with 
VERNiKtiS (r/.e.) l’\)r ordinary me.asuremcnts of 

horizontal angles, the instrument is set up at the a{)c.v 
of the angle to be measured, and the telescope is 
directed at a suitable object which is situated in one 
of the lines containing the angle; a ranging pole 
is often set up for this ijurpose. The vernier reading 
of the horizontal scale is then read, the telescope 
directed at a pole or other object in the second line 
containing the angle, and the vernier read again. 
The difference of the two readings is the angle 
required. When used for measuring vortical angles 
in measuring the height of a lofty object), the 
telescope is rotated about the horizontal axis and the 
readings taken from the vertical circle, (o) For 
rough surveys or for filling in small details, the 
Peismatic (Jompabb is often used. This is a magnetic 
compass having a “ floating card,” i.e. a circular card 
divided into degrees, and attached to the needle so as 
to torn with it; tijc instrument is provided with 
sights which aio aligned witli any given object; 
by means of a reflecting prism the sights and the 
graduations of the scale may be read simultaneously. 
Thus the angle between any given line and the 
direction in which the compass points may be read off. 
(d) The Mineb’8 Dial, or (.’ibcumpeeentkb, is a 
compass of larger size than the foregoing, provided 
with sights which can be turned relatively to the 
box ; the object is viewed through these sights, and 
the angle made by the line of sight with the direction 


of the needle read off. (c) The SEXTANT iff 
sometimes used in angular measurement a small 
portable form termed the Box Sextant being very 
convenient for explorers. (3) Levelling. The LEVEL, 
consists essentially of a telescope mounted on a. 
vertu^l axis (without a graduated circle). A spirit 
level is contained in a “ level tube " which is attached 
to the telesooijc, and provided with means of adjust¬ 
ment so that the axis of the telescope can be made 
accurately parallel with that of the level itself; thus 
when the bubble of the level is in its central position, 
the axis of the telescope is truly horizontal. In using 
the instrument to determine the difference of level of 
two adjacent points, a Levellinq Staff is set up at 
each station; this is a graduated rod of convenient 
height, the divisions being clearly marked so as 
to tie distinctly visible through the telescope. If the 
instrument be placed between the stations, and turned 
so as to view the graduations of each staff in turn, 
like difference of the readings on the two stave.s gives 
the difference in level of the two points on which the 
feet of the staves are jdaced, provided that the instru¬ 
ment has first been correctly adjusted. For observing 
great dilTerences in level, such as the height of a 
mountain, some form of barometer is often used, or 
the change in levelling point ina)' be measured by the 
hypsometer (q.v.) Many other instruments are also 
used in surveying; for descriptions of these, works on 
Hurveying must be <'onsulted. 

Susceptibility, Magnetic (Elect.) The ratio of 
the induced nuignkitism in a piece of iron, etc,, to 
the magnetising f )rc!c. If I bo the Intensity of 
Magnetisation (q-v.) and 11 the magnetising force, 
the ratio of T to II is termed the Magnetic Rxjscbp- 
Timi-^TY, and usually denoted by the letter h, so 

that U = jy 

Suspended Coil Galvajiometer (Elect.) See Gal¬ 
vanometers. 

Suspended Magnet Galvanometers (Elect.) See 
G Ai vanometers. 


Suspended Solidification (flicm.) When a solid 
has lieou melted and allowed to stand protected from 
dust, and vibrsition, it will remain liquid for sumo 
degrees below its melting point. This phenomenon is 
known as suspended solidification : it is a particular 
case of a perfectly general resistance to change of 
phase. The liquid will solidify if a trace of the 
solid is thrown into it, and in doing so its tempera¬ 
ture will rise to its melting point. The rate at 
which the liquid reverts to the solid phase varies 
with the temperature to which it has liecn cooled 
below its melting point, except when it has been 
very sud<lenly cooled to a temperature far below this 
point. Ju such a case the “ liquid ” has really become 
an amorphous solid, which will only revert to the 
crystalline state very slowly. 

Suspension (Music). The holding back of one or 
more notes whilst the remainder of the chord moves, 
as 



instead of 
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The note D at (a) is called the Fbbpae^TIOK, at (i) 
the PEBCUSSION, and at (e) the note G is the Bsso- 
LUTiON, The most usual of the suspensions are the 
9-8 (a), and its inversion 7-6 (b ); the 4-3 (o) and 
its inversion (d) making a 9-8 over a first inversion; 
the 2-3 (^) ; the 6-6 over the mediant in the minor 
key (/) also found over the leading note; and the 
7-8 (^). The last three are sometimes called 
BKTABDATIOKS (ff.r,) 



Besides these there are the second inversion of the 
9-8 (/<), making a 6-4 over C; the second inversion 
of a 1-3 (/■) making a 7-6 over 4 ; the 9-8 in the bass 
(i) and the 4-3 in the bass (f). 
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Two or more of these suspensions may be taken 
together, as, for instance, the 9th and 4th (;«), (where 
the 9th is shown in the bass); the 6th and 7th (n) ; 
the 9th, 7th, and 5th (o). These arc known as 
double suspensions. 



There is also the suspension of a complete chord 
as at (p). 




Sec also last four bars of first variation of the Andante 
of Beethoven’s Honata in G, Op. 14, Ko. 2. It will 


seen that (1) the note or notes suspended are always 
essential notes of the “ preparation ” chord, and never 
of the “ pei-cuBsion ” chord; (2) ti^t the suspension 
moves by step of a second; (3) that the “ prepara¬ 
tion ” chord must not be at a stronger part of the 
bar than the “ percussion ” chord. If the preparation 
is shorter than the percussion, it is better to restrike 
the suspension than to tie it. 

Suspension (P%«.) The device by which a light 
object, such as a galvanometer needle, is supported, 
so as to be able to turn easily about a given axis. 
The most usual suspensions are fibres of unspun silk, 
quartz fibres, and fine wires, or strips, usually of 
phosphor bronze. Tlie term is also sometimes applied 
to a supjwrt formed by a pivot or a knife-edge. 

Suspension Bridge (C^'vil JSbtff.) A bridge con¬ 
sisting of one lai-go span, or ocoaslonally more, 
supported at suitable iutermediato points by cables 
I or tie rods placed above the roadway, and therefore 
I in tension. The most usual type has a tall tower at 
i (or near) each end of the bridge; between these 
' tewers arc suspended heavy drains, from which 
vertical rods are hung to support the bridge proper. 
The chain is prolonged beyond each tower on the 
land side, and made fast to the ground by means 
of masonrj', etc., in order to balance the force tend¬ 
ing to overturn the tower. 

Suspension Links (Eng.) Bods or bars by which 
the slotted link of the Link Motion (g.v.) in a 
locomotive, etc., is moved. 

Svegliato (Mvdo). Awakened. 

Swab (Foundry). A soft brush or mop used for 
wetting the parting edge of a mould before the 
pattern is withdrawn. 

Swage (Eng.) A piece of iron or steel of the 
nature <jf a die, used in giving some required shape 
to a forging. 

Sw^e Block (Eng.) A large piece of metal 
containing various holes, grooves, etc., used as 
swages (g.v.) 

Swaging (Eng.) Shaping a forging by means of 
Swages or dies (g.c.) 

I Swansea A manufactory of earthen- 

I ware was e.stablishcd at Swansea in 1750. In 1814 Mr. 
j Dillwyn acquired the works and proceeded to make 
I p'lrcelam with the assistance of William Billingsley, 
who came from Nautgarw. The porcelain was a 
remarkably fine soft paste, and excellent artists 
were employed. The manufactory was closed in 
1820. The chief characteristics of Swansea porcelain 
are a fine dark blue and beautifully executed paint¬ 
ings of flowers. I\ir Mabks tee %mder roTTBBY AND 
rOBCELAIN. 

Swan's Meek (Pltm A) 

A pipe with a double 
curve (concave and con¬ 
vex). 

Swarf (Chem. Tech.) 

The scrapings mid ebip- 
pings from soft iron 
castings. Used as a 
reducing agent in aniline 
manufacture. 

—— (Eng.) Fine 
particles of metal, re- swan's nzok. 

moved by a cutting 

tool; or particles of sand, etc., worn off a grindstone. 
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Swash Lstten iTypog.) The name given to a 
style of italic capital letters, with tails and flouriabes, 
in vogne in the seventeenth century. Example, 0^ 

SwaA Plato A. disc keyed on the end of 

a rotating shaft in such a way that its plane is not at 
right angles to. the shaft; it is used to communicate 
a reciprocating motion to a rod wliich rests on it. 

Sweating ( Chem. Tech.") See Manufacture of 
raraflln Wax under riSTEOLEUM. 

- {Eng., etc,') Joining metal objects by filling 

in or surrounding the joint with solder and flux and 
then heating by means of a soldering iron, lamp, or 
blowpipe until the solder “ runs.” 

- {Leather Manvfac.) Hides and skins are 

bung in a warm damp chamber, and allowed to 
sweat until the hair or wool is loose enough to be 
“pulled” or removed. This process is no longer 
employed in this country for hides, but is largely 
used in the treatment of sheepskins. 

Swedge {Eng.) See Hwaoe. 

Swedish Iron {JUet.) Iron made from certain 
Swedish iron ores which are voiy free from sulphur 
and phosphorus ; it is smelted with charcoal, thereby 
avoiding the introduction of tho impurities always 
found in coal and coke. It is of great value for the 
manufacture of ciucible cast steel, and for the pro¬ 
duction of soft wrought iron for electrical work {e.g. 
armature and transformer cores). 

Sweep, (1) A curve. C-) A curved Stuickle 

{fl.v.) 

Sweeping Up {Moulding). iiTBicKiNGor Ktbicic- 

LING {q.V.) 

Sweep Saw {Carp.) A Comi’Ass or Pad Saw, 
used for cutting curves. See S.ttvs. 

Sweet Spirits of Mitre {Chem.) See Ethyl 
Nitbite. 

SwAl {Gdton IVeaehig). A small lever of the 
tbinl order placed in the sJiuttle box back of a fast 
reed loom. The shuttle acts upon it in connection 
with the shuttle protector. 

- {Music). The part of an organ that has the 

pipe.s enclosed in a box, called the swell box. See 
Musigal Inhtbumbnts, p. 440. The first swell was 
made by Jordan at the beginning of the eighteenth 
century. 

Swifts ( Woollen Manufac.) See Cabdinq Enqike, 

Swing {Eng.) The swing of a lathe is the radius 
of tho largest piece of material vrhich can be tamed 
in it. 

Swing Back {Pheto.) A frame which is hinged to 
the camera in such a way that the dark slide and its 
contained plate can be brought vertical when the 
camera has to be tilted. 

Swing Bridge ( Ciril Eng.) A movable bridge of 
which the separate parts turn in a hoiisontal 
direction, i.e. about a vertical pivot or axis. A good 
example is the swing bridge over the Dee at Hawar- 
den, which is about 285 feet long. The pivot of this 
bridge is 116 feet from the end, thus dividing it into 
two nneqnal parts, of which the longer extends over 
the channel. A counterpoise weight of over 100 tons 
is carried by the shorter or tail end, and the total 
weight of the moving part is 760 tons. This biid^ 
can ^ opened so as to give an opening of 140 feet in 
2| minutes. 


Bwiaa Machine {Laee Manvfae.) The usual form 
of embroidery machine employed in Switzerland and 
other countries for producing embroidery upon net or 
other fabric. 

Switch Eng,) The device used for effecting 
a junction of one set of rails with another. See 
Bailways. 

—— {Elect.) A device for making and breaking 
the electrical connection in a circuit. 

Switchback {Civil Eng.) A form of siding used 
on some American railways in carrying a line up 
very steep slopes. The line forms a series of zigzags, 
and at each point where two straight lengths meet is 
the siding, the lines forming a letter Y. The train is 
drawn into the tail of the Y, the engine is then 
attached to the other end, and the train drawn out 
along the other branch. 

Switch Board {Elect. Eng.) A support carrying 
switches, terminals and connectors, and various 
measuring instruments, by which the connections of 
a complex system of electric circuits are made and 
controlled at a Central Station, 

Switch, Double Pole {Elect. Eng.) A switch which 
makes arxl breaks contact in both terminals of an 
electric circuit. The part of the circuit controlled 
by the .switcdi is entirely cut off from the remaining 
or “ live ” part when tho switch is opened. 

Switchiiig {Elect. Eng.) Operating a Switch 
{q.v.) 

Switch, Single Pole(A?leef. Eng.) A switch which 
breaks the electrical connection in one terminal only 
of a cijjcuit. 

Swivel. (1) A joint hinging or turning on a pin. 
(2) In gasfitting a joint that will turn horizontally. 

Swivel Weaving ( Cotton irmr/Mg), A method of 
i ornamenting good qualities of cloth by means of a 
scries of small shuttles containing weft of character 
anrl colour different from the ground. By this means 
small weft sp<jts, sprigs, etc., are produced. There 
arc two £orm.s—llorizoutal Swivel, Circle Swivel. 

Syeamore. Sre Woods. 

Syenite {(h-ol.) A I’liitonic rock having granitic 
structure {fj.v.), but of a less acid character than 
granite— i.e. containing from 60 to 65 per cent, of 
silica. A typical syenite contains orthoclaso felspar 
and hornblende, but no free quartz. Varieties, how- 
ever, occur which contain a little quartz; these are 
known as Quabtz Sy ek itbs. Other forms are termed 
Augitb Syenite, Mica Syenite (or Minette), 
etc., from the presence of these minerals. Tlie name 
is derived from Byene, in Upper Egypt, where the 
rock originally termed Syenite occurs; this rock was 
used in ancient times for architectural and orna¬ 
mental work. 

Sylvanite {Min.) A synonym forGraphic Tellurium 
(y.r.) 

Bylvine (Min.) Potassium chloride, KCl; potas¬ 
sium — 62-6, chlorine = 47‘6 per cent. Cubic; colour¬ 
less or white. One of the salts found in the salt 
mines of Stassfurt; also as a i olcanic product on 
Vesuvius. 

Bymboli, Chemical. See Cheuical Symbols. 

Symmetvle PIbbm of a Xiobi (Light). A pair of 
planes drawn through the Symubtbxo Points (^.r.) 
of a lens, at right angles to the axis. 
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Bymmetrlc Poiatt of a Lens {Light). Two points 
on the axis of u lens each being at a distance from 
the nearest Principal Point, equal to twice the Focal 
Length. 

Symmetry. The harmonious proportion or 
balancing of the parts of a design or body relative 
to each other. 

Sympathetic Inki (Chem.) See Ink 0 . 

Symphony See Bonata. 

SynohroBiser (Ctonhii). A mechanism, generally 
actuated b.v an electric- curiout, for making clocks 
keep identical time. Cf. Joubneymait. 

Synchronising {Phys., Meet. Png., etc.) The 
regulation of two (or more) machines or pieoes of 
apparatus so that their movements, or effects pro¬ 
duced by them occur simultaneously : e.g. two alter¬ 
nators which are to be run in parallel must pi-fuluce 
currents which not only possess the same frequency, 
but the same jihuse so that their maxima and 

minima occur at identical times. 

Synchronous Charts {Miteorol.) Cluirts which 
present the principal clomcnls of the weather at any 
given instant. 

Synchronous Motor {Meet. Png.) An alternating 
curieut. motor whicli must kee}) jn jihase with the 
aliernatiug current wliieh drives it, It.s speed is 
therefore abs ilutcl.v li.ved by tlio frequency of the 
Buppl.v. See lVroT()K.s, El.nCTBlO. 

Syncline or Synclinal Structure (Oeot.). Strat.a 
bent into a trough-likc form, so that tlic beds dip 
towards the axis about which the folding has occurred. 
Cf. ANTlCniYAU 

Syncopation (.l/wsic)- A false accent pi^Ktuced 
by ]iroloiig]ng a note begun on an unacecuted jiart 
of a bar over a ini're accented jiait. It is gencndly 
marked by an aecent >. 

Synodic Month {Antron.) Tlie interval of time 
between one conjunction (y.r.) of the moon and the 
succeeding one. 

Synodic Period (Astron.) The time in which a 
planet reluins to the same position with regard totlic 
sun and earth. 

Synoptic Charts {Meteorol.) See Bynchuon’ous 
Chakts. 

Synthesis {Chem.) 'J'he building up of a com¬ 
pound from its elements. Thus, wlaui hydrogen 
burns in oxygen, water, which is the jmiduct of tlic 
combustion, is built up from its elements or syii- 
thesiseil, In speaking of the synthesis of organic 
compounds—say,for instance, of glucose and indigo— 
when tile chemist says that these have been syn¬ 
thesised, he re-ally moans that if it were necessary 
they could be built up from their elements ; for in 
such cases tlic starting point for the synthesis is a 
fairly complex body, which could, if required, be 
made from its elcniciits. (liycerine and iiapliihalerK* 
are substances which could be made on a large scab; 
from their elements, but the processes would be long 
and costly; nevertheless, as glucose and indigo re¬ 
spectively can be artificially' made from these, they 
are said to have been symthesised. Before a com¬ 
pound can be synthesised, its constitution must he 
known; then, as a rule, the com)iound can be syn¬ 
thesised ; but even tlii-.n a synthesis may provo 
exceedingly difficult; the constitution of camphor 
was known long before it could be synthesised. 

Syphon. See, Sirutts. 


Syren. See Bibbh. 

System ( Qeol.) A group of formations {q.v.) which 
occur in association with one another, and which 
contain a closely related set of fossils; «.y. the 
(IKETACBOUS System, including the Chalk, O-roeu- 
sands, and the Wealden Bocks. Sea alee Btbata, 
Table of {i% Apjtendix). 

Systems of Crystals {Min.) A crystal system is a 
groupof crystals, all themembersof whichbavecertain 
similar properties us regards the lengths and mutual 
inclinations of their axes, and as regards symmetry 
of form. If a comparison bo made of the lengths 
of the axes cut off by the several planes of a crystal 
(fho Iktebcepts of these planes), it is found that 
these lengths bear a definite and comparatively 
simple relation to one anotlicr. Suppose a certain 
plane is found to cut off. on lliroc axes meeting in 
a common point called the Origin, three unequal 
lengths, a, h, e ; the intercept of other planes on these 
three axes taken in the same order are found to boar 
^ to <r. b, c, some sur-h simple relation as a, b. Sc, or 
' ‘2a, 2h, oe, or 00 «, b, e.. Then the lengths a, h. e, are 
called tlie J‘AKAAfBTHRS of the crysUil, and it i.s these 
parametral lengths wliii-h have to be considered in 
i laxj.ilying cry.stals according to their systems. It is 
found that all cry.slal fonus of one mineral liave 
intercepts on the axes which can be exi^rcsscd in 
simple integral terms (positive or negative, and 
including zero and infinity) of a, b, e, the integral 
niiudiers in nio.s( case.s not being higher t han 7. Tlic 
interci'iit of a plane on one of tlie axes may' seemingly 

be a fraction of the parametml length, as , h, 2e, 

but since for crystallcgraiihic purposes planes that arc 
parallel and on the same side of the origin are 
idi’iitical, those iuleicepts can be exiircssed as 
a, 2b, 4e. 

Kiucc the iiarametral lengths are taken as units 
once tlieir valuc.‘. arc determined, the intercepts of any 
j.lanc ma.v be stated by using tlie numeratois of 
a, b, e ; e.g. in the aboi-e insiHiice. the interciqits can 
be ex})iehsud by 1 J 4, Put it i.s usual to employ the 
reci]iroeals of the intcreepts as the, Iwlex of a fonn ; 
hence the plane in question w oukl be designated 4‘A 1, 
the whole numbers iiroportional to J 4 -I ‘’’ u 

4 . 4 | 4 If Ue 

The syninieiry of a crystal ckqieiids on the possible 
number of pianos along whicli the crystal may be 
divided into symmetrical }iortious. 

There arc six cry stallogrsiphic systems, as tabulated 
lielow (.Some of the more common synonyms of each 
•system Ixjing given) :— 


I. 

Cubic 

Isometric 

Monometric 

Bcgiilar 

Tesseral 


II. 

Tetragonal 
Dinietric 
Quadrat ie. 
Pyramidal 


Ill. 

Hexagonal 

A. Hexagonal 

iJi vision 

B. Blionibohcdral 

Division 


IV. 

Khombic 
Trimeti'ic 
Orthorhombic 
Prismatic „ 


V. 

Mono.symmetrie 

Monoclinic 

Oblique 

Clinorhombic 


VI. 
Tricliuic 
Asymmetric 
Doubly Oblique 
Anurthic 


T. Cubic System. Tlirco axes (a) of equal length 
and at right angles. There are three equal planes 
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of Bymmotxy having their intersections in the lines 
of the three axes, and six diagonal planes of symme¬ 
try equal in themselves. 

II. TBTBA.aoNATi Bystbm. Three axes at right 
angles, the two horizontal ones (a) being equal, and 

the vertical one (c) being either longer or shorter 
than the others. There are three planes of symmetry 
intersecting in the axes, two of them equal, and two 
diagonal planes equal to one another. 

III. Hbxagonal System. This includes (a) the 
Hexaoonai. group proper, and (a) the Rhombo- 
HEDBAL division. 

In (A) there are three axes (a) of equal length 

inclined to one another at fiO®, and a third (c) vertical 
to the plane of the others through the origin. The 
vertical axis may be longer or shorter tlian the 
others. There are four axial planes of symmetry, 
three equal radial planes and a horizontal plane 
unequal to the other.'!. There are also three diagonal 
planes equal in themselves. 

In (n) the axes may ho regarded as only three 
in number, equal and inclined to one auotlujr at 
cqnal angles, and lying in the three radial symme¬ 
trical pl.anes of the hexagonal division. There arc 
three planes of symmetry, intersecting at. 120 ° to the 
vertical and coinciding with the three radial axial 
planes of tlie hexagonal division, llhoinbohcdral 
f<nms may be regarded as hcmihndrul forms (those 
with only nlternaic faces developed) of the hexagonal 
grotip. A homihedral form «f the rhombohcdral 
group would correspond to a tctartohcilral of the 
hexagonal (the fonrih face only Iwing devoJoped). 

IV. Rhombic Si’STEM. Three axes at right angl s, 

a, h, c, all unequal, and three planes of symmetry 
intersecting in t licsc axes and all nnoqual. The right- 
and-left axis is called the MACBODlAuoNAh, and is 

designated by h and is alway.s taken equal to unity. 
The front-and-back axis is the brachydiagonal, a; 

I 

it is leSs than unity. The vertical axis is c, 

V. MokohymmjgtBIC PYSTE.M. Three unequal 

axes, a, t, I-, the two lateral axes being at right angles 
to one another, but only ft, t he orthodiagonal, is at 
right angles to the vertical axis r, the clinodiagonal, 
«, being inclined to « at an angle /?. The axis t is 
taken as unity, and a is usually less than ft, but not 
necessarily sol There is only one plane of symmetry. 

the plane containing a and c. ^ 

VI. Anobttitc System. Three axes, a, ft, r, all 
unequal and all inclined to tuie another, the angle 

between ft and c Iteing a, that between a and n iteing 

and that between and ft being 7 . In this system 
there is no plane of symmetry, ojiposite pairs «)f 
faces being only symmetrical with regard to the point 
called .'■he origin.—W. G. 

Bystyle (^Arehiinef.) The name given to the 
arrangement of the columns in a Grecian temple when 
the space between the columns i.s equal to twice ilio 
lower dhimete.r of the shaft, Ar/bostyi.k, 

PyONOSTYLU, DIASTYLE, iNTlilBCOLUMNlATlON. 

8y*yiy (.A^tmn.) One of the two opposite posi¬ 
tions of an orbit which a celestial body is in at Con¬ 
junction {rj.v.) or at Opposition (^.e.), e.y. the 
points occupied at new and full moon. 

Ta iChem.) Tlie symbol for Tantai.um {q.v.) 

Tta. (Architect.) AiSfc Pagoda. 


Tabard (Her.) A garment shaped something like 
an overall, reaching nearly to the knee, open at the 
sides, and with wide sleeves or flaps reaohit^ to the 
elbows. Worn originally over body armour and 
generally emblazoned with the arms of the wearer 
or his lord. Subsequently adopted as a general 
article of dress. In England the tabard is now worn 
only by heralds and pursuivants of arms, and bears 
the* arms of the sovereign. Sec Ooat ABMOUfii 

Tabaret or Taborette (Silk Mmufae.) A fabric 
consisting of alternate stripes of watered tabby (q.v.) 
and satin. 

Tabby or Taffeta (Silk Manitfae.) A plain fabric 
formed by the simplest kind of weaving, being always 
one thread up and one thread down all over— i,e. 
caesh alternate thread of the warp being raised and 
the intermediate threads depressed for the first pick, 
the action on the warj> threads being reversed for the 
second pick. 

Tabby Tie (Silk Weavinq). Sec Tib. 

Tabernacle (Architert.) (1) The ciboiium or 
baldachino (q.r.) over an altar. (2) A canopied 
niche or stall. The carved openwork used in these 
canopies is known as TABEBNACUi: WOBK, 

Table (AIng., etc.) A horizontal plate on which 
Ijieccs of material are laid or fixed while being 
oi>erated upon, e.g. the terra is commonly applied to 
the part of a drilling or planing machine which 
supports the work. 

- (6fems), (1) The plane or large flat facet on 

the top of a brilliant-cut stone. (2) A stone of oval, 
round, s()iiare, oblong, or other form, cut flat on the 
upper and lower sides, which are bordered by rows of 
square^r triangular facets. 

- (tiflaxfi Afavu/iic.) The term applied.to the 

circular plate of gla.<s (about. 64-70 in. in diameter) 
which forma the final product in the manufacl.ure of 
Crown Glass (j’-V.) 

- (Math., etc.) A .scries of numbers or other 

quantities arrangefi in a form convenient for refer- 
t!uce--e.y. in paiallel columns. 

—— (Muxic). The upper surface of tho boaid, 
above the channels of the sound board, in an organ. 
See Musical Inrtiiumknt9, j). -litfi. 

- or Tablet (ArcMfeet.) A flat slab or sur¬ 
face usually of rectangular shape, such as a monu¬ 
mental slab. A Raised Table projects from the 
wall face, and a IlAKiNG TABLE is one which is not 
vv-rtical. 

Table Scarf (Carjt. and' Join.) A scarf joint 
having a flat surface notched into another piece cud 
to end. 

Tablet (ArelKtol.) One of a set of thin plales of 
wood, ivory, or other material, hinged together, and 
ust'd for writing TqK)n. The surface of the tsihlct 
was coated with a thin layer of wax, wliieh was 
protected by a raised edge, and the writing was 
elTcctcd by means of a style (q.r.) 

Table Vice (Eng.) A light vice attached to a 
bench. 

Table Work (Tyjwg.) Matter consisting of figure 
work, etc., comixised of five columns or mure. If 
vvitli headings four columns or more. Cf Tabulab 
WOBK. 

Tablinum (Architect.) An apartment in which 
records were stored in a Roman house. It was situ¬ 
ated between tlie. atrium and the jreristylium. 

Taborette (Silk Manu/ac.) See Tababbt. 
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TAbular Spar {Min. ) A name for Wollastonite 
( 7 »’) 

Tabular Work (Typog.) Figure work, etc., con- 
Bisting of three or four columns. Cf. Table Wobk. 

Taoet {Mutlc). An indication that a certain 
voice or instrument so marked is to be Bilent. 

Taeheometer (Surveying), An instrument for the 
indirect measurement of distances. The eyepiece of 
its telescope is furnished with two horizontal cross 
wires, the arrangements being such that the distance 
of a vertically held staff,'called the stadia (g.v.), is 
determined at once by viewing the latter through 
the telescope and noting the number of divisions on 
the staff seen between the cross wires. 

Tachometer or Tachymeter (Eng.) A speed 
indicator; an apparatus for measuring the number 
of revolutions per minute of some rotating part of a 
machine. 

Taehylite (Gcol.) A glassy lava of basic com¬ 
position, i.e. corresponding in comprjsitiou to Basalt 
(q.v.) 

Tackle (Eng.) A rope or chain and pulley block, 
or a combination of chains and ropes and pulley 
blocks, working together and used for lifting heavy 
weights. 

Tackier (Cotton Manufac.) An overlooker who 
keeps the looms in repair and performs other 
functions necessary to keep them running. 

Tacks ( Plumh.) The ears attached to lead pipes 
by wliich they are fixed to the wall. 

Tacky (Dec.) A condition which is reached 
when a coat of paint or varnish is not quite dry. 
This condition is ascertained by placing Ih^ linger 
lightly against the paint or varnish, which will 
adhere to it slightly if tacky. I'aint and varnish 
sometimes remain tacky for a considerable lime 
owing to an excess of driers, a dirty, greas)'- surface, 
or to the varnisli hav ing been applied where there is 
lack of proper ventilation. When gold size (q.v.) is 
used as a medium by which to cause gold leaf to 
adhere to the letters of a sign or other surface, the 
gold size is painted on and is allowed to become just 
tacky before the gold leaf is ajiplied. See Drtino 
OP I’AiST, Deying Oils, and VARNLSHifis. 

Tania or Tenia (Architect.) The fillet on the 
upper edge of the Doric areliitravc. See DoniC 
OBDiSB; AKOHITBCTUBR, OEDEBS op ; and FiNTAB- 
LATUBE. 

Taffeta (Silk Manv/ae.) See Tabby. 

Taft Joint (Plumb.) A blown joint (q.v.) 

TaU (Bind.) The Iwttom edge of a book, in- 
cludiug paper and cover. 

- (Build.) The lower or exposed part of a 

roofing slate or tile. 

- (Eng.) The lower or hinder part of various 

machines, e.g. the vertical rod or sup^rt of a fitter’s 
vice. 

Tall Bay (Carp, and Join.) The end bay of a 
roof or ceiling. 

Tidlings {Lcatltcr Manufac.) Tan liquor that 
has become “sour.” 

-; (Mining). The refuse material or worth¬ 
less slimes (q.v.) that are rejected in washing an ore 
that has passed through the stamp mills. The tail¬ 
ings are sometimes subjected to further treatment 
for the extraction of metal they may contain. 


Tail of a Comet (Antron.) The stream of light 
which commonly accompanies a bright comet. The 
tail is always turned away from the sun, 

Tidl Piece ^Musie). That part of stringed instru- 
ments to which the strings are attached at the 
lower end. 

Tall Pieces ('Cypog.) Ornaments placed in a short 
page at the end of a chapter, article, or volume, to 
fill up the vacancy. 

Tall Race (Eng., Mining, etc.) The race or 
channel which leads the waste water away from 
a water wheel or other machinery. 

Tail Stock (Eng.) The movable head or poppet 
of a lathe (j^.n.) 

Toil Vice (En^.) The large vice (q.v.) used by 
fitters, blacksmitbs, etc.; it has a vertical rod or 
column, termed the tail, resting on the floor of the 
workshop. 

Tail Water (Eng.) Tim waste water flowing away 
from a water wheel. 

Take (Typog.) When copy (q.v.) is apportioned 
to the compositors to be set up in type, the portion 
falling to each compositor is termed a “ take.” 

Taker Off {Print.) The person who releases the 
printed sheet from the printing press or machine. 

Taking Off (Build.) Taking measurements from 
drawings. 

Taking Up (Ejig.) Shortening or tightening 
fittings, moving parts, etc., which have become 
elongated or loosened by wear. 

—— (Textile Manufac.) A motion for automati¬ 
cally winding the cloth as it is woven on to a cloth 
roller. See Loom, 

Taking Up Slack (Eng.) Shortening a belt or 
chain wldch has become elongated. 

Talarla (Art). The sandals or greaves, orna¬ 
mented with wings, which are characteristic»of the 
attire of Hermes (Mercury), Bros, and certain other 
divinities in classical mythology. 

Talc (Min.) A hydrous silicate of magnesia. 
Silica »« (52, magnesia 33'1, water 4'9 fjer cent.; 1 or 
2 per cent, of iron and a little alumina often occur as 
well. Crystals arc iliombic, but tlie mineral is 
usually found massive, and is easily split into thin 
plates, which are di.stinguishcd from those of Mica 
(q.v.) by not possessing elasticity. Colour white, 
light or dark green. Common in many localities. 

Talking Machine. See I’honoubapb. 

Tallboy (Build.) A long chimney pot made of 
zinc or iron. 

Tallow Cup (Eng.) A lubricator holding tallow. 

Talus (Cfeol.) D«!!bris produced by weathering, 
which accumulates in sloping heaps at the foot of 
a cliff. 

Tamarind {Botany). Tho fruit of Tamarindus 
indiea (Legumhiogfe) in the form of a preserve is 
used in pharmacy' cither alone or in combination 
with other substances. Its properties are laxative 
and refrigerant. 

Tambourine (Music). See Musical Instbu- 
MENTS, p. 446. 

Tamping (Met., etc.) Stopping up a vent or tap 
ho!e in a furnace by means of clay. 

- (Moulding). Bamming the sand round a 

pattern. 



TAir 


743 


TAir 


Tan. Tbe abbreviation used for Iakoknt: see 
Tbigohometbical Ratios. 

- {Leatlier Manufac.') See Leatheb Mahu- 

FAOTUBB. 

Taaa^ra Figarines- (Archwol.) Small terracotta 
figures representing divinities and incidents of Greek 
domestic life, etc. They were usually cast, and after 
being baked were generally brilliantly coloured. 
Used as household ornanients and as votive ofl'erings ; 
some of the earliest examples are from the cemetery 
of Tanagra in Bcnotia. 

Tandem (^Cyeleti). A cycle carrying two riders, 
one behind the other. Machines of the same type 
carrying three or four riders, termed Triplets and 
Quadbuplets, arc little used except in pacing a 
racing cyclist. 

Tandem Engine or Pomp {Eny, ) An engine or 
pump having two (or more) cylinders arranged in 
the same straight line with one piston rod running 
right through and carrying all the piston-s. See 
Btbam Engine. 

Tanekaha (liotany). A New Zealand pine tree, 
Phyllocimlut trichamarioides (order, Crndferee'), whose’ 
Imrk, known as Tanekaha, is used in tanning, and as 
a dye for leather. 

Tang ( Carp., etc.) The pointed end of a tool such 
as a chisel or gouge, which is driven into tlie wooden 
luindlo. 

Tangent {Math.) (1) The tangent to a curve is 
a line touching the curve, but not cutting it. (2) A 
Trigonometrical Ratio (?.■».) 

Tangent Galvanometer {Elect.) See Galtano- 

MBTEKS. 

Tangent Screw. A screw whose point acts on a 
radial arm or other device attacheil to some portion 
of an instrument or machine in onlor to obtain an 
angular motion of small amount; in some cases the 
screw gears directly into a worm-wheel mounted 
on the axle of the rotating part. Tangent screw.s 
arc fitted to spectroscopes, thco<lolitc8, and many 
astronomical in.^-truments. 

Tangent Spokes {Cycles). Spokes which leave 
the hub at a tangent to its rim, instead of radially. 
They arc stronger and also easier to replace if broken 
than ‘‘ direct ” or radial spokes. 

Tank ((’iril Eng.) A reservoir, whether artificially 
constiuctcd tlironghout or formed by utilising a 
natural hollow or depression. 

Tank Base {Eng.) A hollow casting serving as 
the baseplate of an engine, etc., and also as a tank 
or reservoir; e.g. in the case of oil engines a con¬ 
siderable supply of oil is often contained in a tank 
of this kind. 

Tank Engine {Eng.) A small locomotive carrying 
a supply of water in a tank fitting over or placed 
alongside the boiler. 

Tank Liquor {Chem.) See Alkali. 

Tan Liquor {Leather Mwnvfoe.) A general term 
used to denote all solutions of the various tanning 
materials used in the lanyard. See Leatheb Manu¬ 
facture. 

Tannic Acid See Tanniks. 

_ {Eng.) This acid is used to prevent 

incrustation of boilers; it forms insoluble com¬ 
pounds with salts of lime, and this can be removed 
in the form of a scum by blowing ofiE {q.v.) 


Tannii^. See Leatheb Manufactubb. 

Tannins ( Chem.) Substances of nnknown oonsld^* 
tion which occur widespread in the vegetable kingdom, 
have an astringent ti^, are soluble in water, their 
solutions are precipitated by lead acetate, and give a 
dark blue or green oolonration with iron salts. Many 
give precipitates with gelatine and convert skins into 
leather; some are glucosides of gallic acids, while 
others are compounds of pbloroglncin and gaUic 
acid. Examples: TANNIO Acid (gallotannic acid: 
tannin), is nearly colourless when pure, but usually 
it is met with as a brownish yellow powder; when 
heated it darkens in colonr and gives pyrogallic acid 
and carbon dioxide. It is soluble in water, giving a 
dextrorotatory solution ; when an alkali is added to 
the solution, it rapidly absorbs oxygen and turns 
black. Its solution is easily hydrolysed to gallio 
acid {g.v.) by acids, alkalis, and certain ferments; 
it reduces Fehling’s solntion and ammoniacal 
silver; with iron salts it forms ink; it precipitates 
gelatine, albumin, starch, the alkaloids; it also 
gives precipitates with tartar emetic, lead acetate, 
and a number of other salts. Tannic acid is used 
as an astringent in medicine, in making ink, in tlie 
preparation of gallic and pyrogallic acids, and as a 
mordant in dyeing. It occurs in gallnuts from 
various ‘kinds of oak, in sumach, and in tea. It is 
extracted from finely ground gallnuts by a mixture 
of aqueous alcohol and ether : the extract separates 
into two layers, the lower layer containing the tannic 
acid, whicli it yields on evaporation. OaffbtANNIO 
Acid is the tannin found in coffee berries; its solu¬ 
tion does not precipitate gelatine, and it gives a 
green colonr with ferric chloride; it is a glncoside. 
Quebcitannic Acid occurs in oak bark and pro¬ 
bably* ir- tea. 

Tantalum {Chem.) Ta. Atomic weight, 183. A 
rare metal, when pure resembling platinum in colour: 
melts between 2,250^ and 2,.'f00“; sp. gr. 16‘5; malle¬ 
able and very ductile. Its tensile strength is about the 
same as that of steel, tlio breaking load for a wire 
of 1 mm. diameter being y.l kilos. When a lump of 
tantalum is heated to redness and brought under the 
steam hammer, it forms a plate which when re¬ 
peatedly treat^ in the same way becomes so hard 
that a diamond will not bore it. The specific resis¬ 
tance for a wire 1 metre long and 1 mm® section 
is O’iOfi ohms. The temperature coefficient is '003 
between 0® and 100®, and between 0® and 350° it is 
■0026, and at a consumption of I'S watts per candle 
power it reaches 0*855 ohms. On account of its high 
melting point and its resistance to “ dusting ” and 
its smaller energy consumption per candle power (a 
carbon filament uses 3*5 watts per candle power), 
tantalum has been applied to the construction of 
electric lamps. The figure shows a lamp which 
gives 24 to 27 candles at 110 volts and 0-35 
amperes; the wire, is 0'05 mm. in diameter and 
650 mm, long; it gives a bluish white light. 
When heated in air, tantalum begins to oxidise, 
turning yellow at 400° and ultimately giving the 
white pentoxide; it absorbs hydrogen readily and 
nitrogen on heating; it does not amalgamate with 
mercury. When heated and thrown into water, it 
decomposes it. It is not attacked by acids except 
hydrofluoric, which attacks it slowly; aqueous alkaua 
do not attack it even on boiling. 

Tantalum belongs to Gtoup V. of the Periodic 
system, and is allied to vanadium and niobium; it 
occurs with niobium in tautalite, columbite, pyrochlor, 
and yttrotantalite. The metal is obtained by heating 
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Bodium nr potassium tantaloflnoride with sodium ; the 
powdery metai so obtaiued is pre^d to coherent 
masses and heated in the electric arc in a vacnum, 
when the metal melts to a platinam*like •regains. 



To obtain the tantalofluoridc, finely powdered tan- 
talite is fused with af.id potassium sulphate, the 
melt extracted with w'ater, and the insoluble part 
digested with ammonium sulphide; the residue is 
washed and boiled with dilute hydrochloric acid; 
the insoluble part is washed, dissolved in hydrofluoric 
acid, filtered, and heated to drive oH silicon lluoridc, 
and potassium fluoride added. On concentrating 
ITOtassium tantnlofluoride, K-^TaF,, crystallises out 
first. Two oxides of tantalum arc known, a 
tetroxide, Ta,0,, and a pentoxide Ta^Oj—the latter 
is obtained by heating potassium tantalofluoridc 
with concentrated sulphuric acid, extracting tlic 
potassium sulphate with water, and beating the 
insoluble tantalum sulphate. The chloride, TaClj, 
crystallises in yellow needles; melts at 211°; boils 
at 242'’; sublimes below its melting point; it fumes 
in air, and water converts it into tantalic acid, 
UTaO,. 

Xante (Music), Too much ; as much as. 


T! 9 !p(Enff.) (1) A cock. (2) A tool used for cutting 
internal or female screw threads. A FiBST Tap, 
Entbbino Tap, or Tapbb Tap is a steel screw or 
external thread, with flntings or grooves (usually 
three in munber) cut across the thread parallel to 
the axis of the screw in order to present a series 
catting edges ; towards the point the thread is gradu¬ 
ally removed, so that the diameter of the tool is 
reduced at the end till it is sufficiently small to enter 
a Tapping Hole (//.u.) drilled to receive it. After 
the tapering tap has roughed out tfie thread in the 
hole, a Second Tap with somewhat less taper may 
be pas.sed through, and the thread is finally finished 
off with a parallel lap the full size of the required 
thread, tcrme<l a I’LUG Tap. For making dies (see 
Stocks and Dies) a tap somewhat similar to a Plug 
Tap is used; tliis is termed a Mastek Tap, Hob, or 
Hub. The flutings of a master tap are narrower and 
more numerous than those of an ordinary tap. 

- (Met.) To tap a furnace is to open the Tap 

Hole, an opening through which the molten metal 
flows. 

Tvpi (Build., But/., lie.) A measuring tajjc may 
be made either of a woven fabric or of a thin steel 
baml; the latter is much preferable, as a woven tape 
stretches considerably with use, and iKJComes in¬ 
accurate. 

Taper. A gradual slope or a diminution in 
diameter. Applied especially to the narrowing of a 
pattern, in order to enable it to Ihj withdrawn easily 
from a mould. Tlie part of a denj) pattern which is 
uppermost in the mould, and which is withdrawn 
first, may be from one-eighth to a quarter of an inch 
wider than the lowest part. 

Tapered Pipe (Build.) A stoneware drain pipe 
with one end smaller tliau the other. 

Taper Screw Chuck (Bug., etc.) A chuck con¬ 
sisting of a small disc, in tlie centre of which is a 
coarso-tlircaded tapt'ring screw, like an ordinary 
wood screw, by means of which a pictcc of wood can 
easily be attached to the chuck for turning. 

Taper Tap (Bag.) Tiic taj) first used to form the 
thread in tajjping a hfde. See Tap. 

Taper Turning (Awr;.) Turning a conical surface. 
Usually effected either by setting the back centre 
out of the axial line of the lathe, or using a slide 
rest with one of its slides set at the necessary angle 
to the bed of the Latiie. 

Tapestry. An ornamental textile fabric used for 
covering w-alls and furniture, or for hangings. The 
fabric is composed of coloured wcmiIs and silk, other 
materials, c.g. gold tliread, being sometimes intro¬ 
duced. The method of manufacture is practicaUy 
t hat of tlie Oriental carpet, the <le.sign being effected 
entirely by the weft, wliich is inserted by means of 
wooden needles or spindles termed “broaches,” the 
whole of the operations being carried out from the 
back of the warp. Tapestry may be divided into two 
elasso.s : (1) High Warp, in which, daring manufac¬ 
ture, the warp is stretched vertically, with a roller 
or cylinder at each end; (2) Low Warp, in which 
the work is carried on with the warp in a liorizontal 
position. The lirst method is generally employed 
for high class pictorial work; the second for the 
proilucfion of less intricate designs, though in the 
finished stale it is difficult to distinguish the fabrics. 
In the fourteenth century some Flemish towns, 
notably Arras, were noted for their fine tapestries, 
hence the name “arras’’ eventually became synony- 
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moos with “ tapestry.” The Bayeux Tapestry (y.*.) 
is really an embroidered roll of linen. South Kensing¬ 
ton Mnsoum contains a very hne coliection of tapestry. 

Tape Worms {Hygiene). Parasites which affect 
man and food animals, chiefly under the forms of 
Tceina solium, T. mcAiocamllata, and T. eehinoeoeeus. 
■ike Pakasitjss. 

Tap GrooTing {Eng.) Cutting the flutings or 
grooves in a tap {g.v.) Usually performed by a 
rotary cutter. 

Tap Hole {Met.) See Tap. 

Taping {Elect. Eng.) Covering a conductor, 
etc., witli tape, which forms part of tlic insulating or 
protecting covering. 

Tapioca {Eoodx). A farinaceous substance pre¬ 
pared from the roots of the plant Cassava, the name 
given to several species of Manihot {q-v.), which 
grow in tropical America and elsewhere. The 
granules resemble those of sago, but are considerably 
smaller. Certain poisonous qualities of the root are 
removed by washing and heating the pulp. 

Tappet {Eng.) An arm, cam, collar, or lever 
projecting from some movable part of a machine in 
.such a manner that tlic motion of that part of the 
machine brings it iu contact intermittently with 
some other jiart to which it communicates an inter¬ 
mittent motion. 

- or Eccentric {Weaving). A shedding 

motion produced in the povver loom by means of 
mechanism termed variously cams, eccentrics, tap¬ 
pets, or wipers, and suitable shafts or levers which 
arc connected with the hcalds or heddles. {See 
Loom.) The motion i.s employed for weaving the 
simplest forms of plain cloth. ('/. Lobby a/nd 
•lACQi^AKD. In the woollen tn-ulc the two chief 
types of tappet loom are (1) the Woodcroft, in which 
the shafts are both lifte<l and depressed positively; 
(2) thjj^ Vorkshirc, in which the lifting motion is 
positive and the depressing negative. In the cotton 
trade the chief typos arc (1) bo.'t lappets; (2) 
sections; (3) oscillutmg; (4) cams. Some of these 
arc positive and some negative in action. 

Tapping (Eng.) Cutting an internal screw thread 
by means of a Tap {q.v.) 

- {Met.) Opening the tap hole {q.v.) of a furnace 

to allow molten metal to ilow out. 

Tapping Hole(A'%^.) A hole in wbicli an internal 
threail is to be cut. It is drilled out so that its 
diameter is less than that of the screw wliich has to 
fit into it by twice the depth of the thread; thi.s 
leaves sufficient metal to form the internal thread, 
the grooves being formed by means of the thread on 
the tap. See Tap and Tap Wbbnch. 

Tap Wrench {iMg.) A two-handled lover or bar, 
used for turning a tap {q.r.) Jl, usually has a medial 
hole v/hicli fils the squared heatl of a tap, different 
sizes bf.'ing u.scd according to the size of the tap. 
Some forms, however, have adjustal)lc clamping 
pieces, by means of which taps of various sizes can 
be actuated by the same tap wrench. 

Tar. A black viscid product of very mixed com¬ 
position, resulting from tiie dry distillation of certain 
natural organic substances. Not very long ago tar 
was produced solely from wood. At the beginning 
of the nineteenth century, however, tar began to be 
made from coal, and more recently petroleum tar has 
been added to the list. Wood tar and gas tar are 


dealt with separately; but attention is directed to 
the general resemblance existing between the 
methms and results of the dry distillation of coal 
and that of wood. This resemblance affords an 
additional argument in favour of considering coal to 
be of vegetable origin, although the fact is |nroved 
without this assistance. In both oases there are 
three distinct products of the distillation— viz. gas 
and two liquids—one watery, the other dark and 
thickly flowing. In both the nature of the distillate, 
although, of course, depending upon the kind of 
substance distilled, is also largely infiuenoed by the 
temperatures used and by the rate at which the tem- 
peratnres are arrived at. Again, although there are 
many substances produced by coal distillation which 
are absent from the distillate obtained from wood 
and viee versa, the two distillates contain many 
snbstanoes in common. 

Wood Tab.—T his is prepai-cd as a by-product in 
the manufacture of chai-coal. When wood is burnt 
in the open air in “ meilers," the tar sweats out, and 
is collected in receptacles placed underground near 
the meiler. On the other hand, when wood is 
charged in retorts, the tar is collected in receivers 
exactly as coal tar or any other distillate is collected. 
The wood is heated either by direct fire or by super¬ 
heated steam. Both the yield and tlie composition 
of the distillate depend upon the sort of wood used 
and the other conditions above referred to. Coni¬ 
ferous wood gives more tar than others, and is used 
for the purpose when it ceases to yield turpeniine. 
With slow distillation coniferous wood gives from 
9 to 14 per cent., and otlicr woods from 6 to 11 per 
cent. The tar separates by gravity from the weak 
aqueous solution containing acetic acid and spirit 
amongWJiher things which accompany it, as it is 
heavier than water, Imving a sijecitio gravity averag¬ 
ing from 1-1 to 1-2. It happens sometimes, however, 
that untapped trees of certain resinous conifers arc 
distilled into tar. In this case the turpentine, which 
also comes ov er, cUssolvc.s the tar Into a liquid which 
is lighter than water, and therefore formis the upper 
instead of the lower layei’. It is u.sed ns produced, 
or after a second di.stilialion, for watcri)roofing and 
irrcscrving ropes and limber. It is unaffected by 
water as regards its main constituents, and it contains 
creosote, which is a powerful antiseptic. The tar 
usually retains some of the crude acetic (pyroligneous) 
acid formed iu the distillation of the wood, an amount 
varying from 5 to 15 {w cent, according to the dis¬ 
tillation and the sort of wood used. Tlu.s is removed 
by neutralisation with lime, and the remaining tar 
will give on distillation from 6 to 15 per cent, of 
“ light oils," from 15 to 20 per cent, of “ heavy oils," 
and from 35 to 60 per cent, of non-volatile residue 
known a.s pitch. Tho pjToligneous acid is used for 
several purposes. For exanijile, it serves to make 
impure acetates n.scd by dyers in mordanting, but it 
is also rectified for the production of pure acetic 
acid. Tlie methyl alcohol separated out during this 
process is used for deiiaturating or methylating 
spirits of wine, llic light oils contain benzole and 
toluol, and can bo used in dye manufacture. The 
most important con.slitnents of the heavy oils are 
paraffin, creosote, and guiaool. The two last are ex¬ 
tensively uscid in pharmacy, and creosote, which con- 
si.sts principally of carbolic and cresjiic acids, is 
extensively employed for waterproofing timber. Tho 
r^idual pitch of the distillation is used as a protec¬ 
tion against water, being painted or poured over the 
surface to be protected while hot and liquid. Its 
constitution is complicated and imperfectly known ; 
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but it may be regarded as a mixture of heavy oils 
which have resisted the temperatures employed in the 
distillation with free carbon obtained by the charring 
of the less volatile distillates. The uses of paraffin 
arc chiefly for candle making and as an insulator in 
electrical appliances. 

Coal Tak, —The use of coal tar dates necessarily 
from the introduction of coal gas, and for a long 
time it was only obtained as a by-product of the 
manufacture of that gas. Large quantities are now 
olttained, however, from the coke ovens in which 
Coke is prepared from coal for metallurgical ptirposes, 
when the gas is used to help heat the ovens; and 
still more from the gases escaping from blast fur¬ 
naces, which are, of course, huge gas retorts. The 
present annual production of coal tar in England has 
been estimated at 650,000 tons from gas works, 
160,000 from blast furnace gases, and 62,{X)0 from 
coke ovens. Coal tar is a black, viscid liquid having 
a specific gravity of from I’l to 1‘2. It sinks below 
the watery distillate (which is now the source of all 
the ammonia and ammonia sails of commerce) in 
the gas main, and the two liquids are drawn off 
separately from time to time. Like wowl tar, coal 
tar is extraordinarily complex in its constitution. It 
is a mixture of certainly more than a hundred dif¬ 
ferent substances. It will be gathered from what 
follows that it is a much more valuable commercial 
product than wood tar. The composition of the tar 
is regulated by the same circumstances as that of 
wood tar ; but in general tlie substances con.stitnting 
it may be classified under the following three heads: 
Hydrocarlwns, nitrogenous bodies, and alcohols 
(phenol and its homologues). The most im];x>rtant 
hydrocarbons are benzole, naphthalene, anthracene, 
benanthrene, and ciiryscnc {q.v.') Tiie nitingenous 
ases include aniline, quinoline, and pyridine, and 
the most important alcohols are phenol, naphthol. 
and cresol. The tar is distilled in enormous stills, in 
some of which forty tons can be heated at one time. 
Disregarding the minor fractionations which are 
cairlcd out in practice, the distillates maybe divided 
into three main portions: First IIunninqs and 
Light Oils come over up to 210° C., and form 
from 3 to 8 per cent, of the tar. They contain ben¬ 
zole and toluol. When the temperature has reached 
210° the CABBOtic Oils begin to come over. 
They constitute from 16 to 20 per cent, of the tar, 
and are replaced between 270 and 400° by the anthra¬ 
cene oils. The carbolic oils (Kintain phenol (carbolic 
acid), cresol, and napbilialcnc; wiiile of the anthra¬ 
cene oils, which also form from 10 to 20 per cent, of 
the tar, the most valuable constituent i.« anthracene. 
There is a final residue of about 60 per cent, of pitch, 
which has the same uses as wowl pitch. The various 
volatile constituents are scpjiratod by fractionating 
separately the different distillates obtained in the 
first crude distillation, advantage being taken of the 
differences in their boiling points. Tlie uses of the 
coal tar products are so W'ell known that only a 
passing reference to them is required. The huge 
dye-making industry, which employs hundreds ol 
thousands of persons, draws nearly all its raw mate¬ 
rials from coal tar. Hardly less important is the 
manufacture of drugs, such as phenacetine, anti- 
pyrinc, etc., and of photographic developers, such 
as mctol and many others, from coal tar. Carbolic 
acid and cresol are well known as among the most 
valuable and widely used disinfectants; and lastly, 
it should be mentioned that some of the nitrogenous 
bases, such as pyrol and pyridine, are coming into 
nse for methylating spirit, as they give a liquid which 


cannot be fraudulently renatuiated, as is possible 
with ordinary methylated spirit.—A. 8. J. 

' Tai^e or Target (Arm.') A small shield of cir¬ 
cular form; a bnckler. The term was applied 
generally in the seventeenth oentniy to any form of 
shield used by an infantry soldier as a substitute for 
body armour. 

- (Her.) A charge representing a circular 

shield. 

Tarsia. A kind of mosaic woodwork forming a 
panel; a style of decoration in vogue in Italy in the 
fifteenth century. The designs often cx)mprised 
architectural features, foliage, and even landscapes, 
and were effected by meiuis of various woods either 
naturally or artificially shaded. 

Tartan (Text'de Manvfac.) A fabric, originally 
prmluoerl in the Higldands of tiksotland, of a plaid or 
chock pattern. 

fCnOHCOOSbOl 

Tartar Emetic (67im.)-{ | LiLO or 

[UHOHCOOK j 

CHOHCOO 1 

I ^Sb . OK KILO (Potassium aniimonyl 

CHOTTCOO'^ J 

tartrate). (Jolourless rhombic octahedra, which 
cffioresce on exposure to uir; soluble in water (1 part 
in 15 parts at 16°). Poi.-onous, but in small doses it 
acts as a sudorific; in larger doses ns an emetic. Its 
solntion gives a precipitate ivith tannic acid; it 
also decolorises a solution of iodine (basis of estima¬ 
tion). It is lirejmrcd by boiling 4 parte antimony 
tritsxide, 5 parts cream of tartar, and 60 parts 
water, filtering if necessary, and allowing to stand 
till crystallisation occurs. 

CITOIICOOH 

Tartaric Acid (Chem.) i (Dioxy. 

CHOIICOOH 

succinic acid.) As this compound contains two 
asymmetric carbon atoms having the same jjpdicals 
attached to each, it can occur in a dextrorotatory 
form, in a lacvorolatory form, and in two inactive 
forms, one due to internal compensation (meso- 
tartaric acid), and tlie other due to a combina¬ 
tion of equal quantities of the two active forms 
(racemic acid). See Stebeoisombrism. Dextro~ 
tartaric acid is the ordinary tartaric acid. Colourlos.s 
monoclinic prisms; melts at 153°, or 167°-170'’ if 
rapidly heated ; very soluble in water (138 in 1(X) 
parts at 15°); soluble in alcohol (20'4 parts in 100 
at 15°) ; the aqueous solution is dextrorotatory, 
t lic .specific rotation varying with the concentration. 
Wiien heated with water (10 parts acid to 1 part 
water), it is changed to a mixture of racemic acid 
and mcsotartaric acid; at 165° little of the former 
and much of the latter, while at 176° the reverse is 
the case. A solution of tartaric acid prevents the 
precipitation of hydroxides from salts of copper, 
iron, aluminium, and many otl)cr metals by alkalis. 
On careful oxidation it yields dihydroxytartaric acid 
(q.v.) ; powerful oxidising agents give carbon dioxide 
and water. When tartaiic acid is dry distilled, it 
yields among other products pyrotaitaric acid (q.v.) 
and pyruvic acid (q.v.) On reduction with hydriodic 
acid it yields first malic acid, then succinic acid. 
Ammoniacal silver nitrate oxidises tartaric acid (its 
salts), on warming, to carbon dioxide and oxalic 
acid. See Silver. Tartaric acid occurs chiefly as 
acid potassium tartrate (cream of tartar), especially 
in grape juice; on fermentation the tartrate is 
deposited after a time, and the mude deposit is 
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called argol, or, after reorjstallisation, tartar; when 
crystallisi^ till pure the product is called Cream ov 
Tabtab. This salt also occurs in many common 
fruits and v^etables, such as cucumbers, berries 
of mountain ash, mulberries, sorrel. The acid also 
occurs in the same things as calcium salt, but in 
much smaller amount. On the large scale tartaric 
acid is obtained from aigol by adding water and 
boiling by steam, then adding powdered chalk : 

SKHT + CaCO, = Caf + K.,f + H^O + 00*. 

The calcium tartrate is filtered off, and the solution 
of potassium tartrate precipitated by calcium 
chloride (or gypsum): 

KjT + CaCl, = Cal’ + 2TvCl. 

The whole of the calcium tartrate is washed and 
decomposed by warm dilute sulphuric acid, the 
calcium sulphate filtered off and washed, and the 
filtrate concentrated in steam-heated leaden pans 
to crystallisation. Tlie coloured crystals arc dissolved 
in hot water, decolorised by animal charcoal, and 
again crystallised with addilion of a little sulphuric 
acid. For medicinal purposes the product is rc- 
crystallised. Synthetically dextrotartaric acid is 
obtained by the resolution of racemic acid into its 
components; the rncomic acid is made into sodium 
ammonium racemate, and the solution of this stilt 
slowly ciystalli-sed. Crystals with right and left 
hand heniihedral fares separate, which can be 
separated by hand. On making each into the lead 
salt and decomposing the .-latter by sulphuretted 
h 3 'drogen, the dextrohemihetlral crystals give dextro- 
tartarie acid ami the others Imvotartaric acid. This 
was the first instance of the resolution of an opti.'ally 
inactive substance into its active components, and 
the resolution w^as effected (IH47) by I’asteur at the 
age of twenty-five. Racemic ai'id can also be re¬ 
solved by combining it with a nnmi)er of active 
alkaloids— e.g. with quinine, in which case the salt 
of dextrotartaric acid crystallises first. La-vr- 
tarttAnc acid is similar to dextrotartaric acid, except 
that tho crystalline form is the mirror image of that 
of the dextro acid, and its solution is Isevorotatory. 
It is obtained, as described alwve, from racemic acid : 
and when a solntion of racemic acid is fermented 
with ponicillium glaucnm, tie dextro acid is 
destroyed, while the laevo acid remains. Kacemic 
Acid fc'rnis triclinic prisms containing one molecular 
proportion of water of cry.stallisation, which it loses 
at 100" to 110°; melts at 205”; less soluble in water 
than tartaric acid ; its solution is optically inactive; 
chemically it behaves like tartaric acid, but on 
reduction with hydrimlic iw*id it git'C.s inactive malic 
acid. If is formed by the union of eiiual quantities 
of the dextro and laivo acids witli evolution of 
heat, and from tartaric acid as before mentioned. 
Synthetically it can be obtained from fumaric acid 
by oxidation with potassium permanganate: along 
with mesotartario acid, from tho silver .salt of dibrom- 
snceinic acid by boiling it with silver oxide and 
water, 


CHRrCOOAg CHOIlCOOAg 

I 2AgOII = I + 2AgBr, 

CH BrCOO Ag C’ H OHCOOAg 

and also along with mesotartaric acid from glyoxal 
by the series of reactions indicated in the scheme: 

OHO _ CH. OH. coon 


™<OH 


CH.OH.COOH. 


Mbsotabtabic Acid. This compound is inactive 


by internal compensation. See Htbbeoisombbism. 
Crystallises in rhombic tables with one molecttlar 
proportion of water of crystallisation; melts at 
14(F; soluble in water (125 parts in 100 parts at 16®); 
obtained from dextrotartaric acid as before men¬ 
tioned, and separated by converting the product into 
the acid potassium salts, of which tho mesotartario 
is very soluble in water, while tho dextrotartrate is 
very sparingly soluble, also from the mixtures of 
mesotartario and racemic acids by conversion to the 
calcium salts, of which calcium mesotartratc is the 
more soluble, also from maleic acid by oxidation 
with potassium permanganate. Tabtbatbb. Acid 

CHOHCOOH 

petamwm tartrate, or cream of tartar, I 

CHOHOOOK 

crystallises in rhombic prisms ; sparingly soluble in 
water (1 part in 200 parts at 15°), less soluble in 
alcohol. C!an be prepared from tartaric by dividing 
a given solntion of the acid inlo two equal parts, 
exactly neutralising one part with caustic potash, 
and then adding the other part; on the large scale, 
as before mentioned. It i.s used in making black 
flux, in dyeing, and in medicine. Sodium potamum 
tartrate (Seignetto’s salt, or Rochelle salt); rhombic 
prisms; soluble in water; obtained by neutralising 
cream of tartar with sodium carbonate. Used in 
silvering glass (*«? Silveb), and in medicine. 

CHOHCOO 

Calcium tartrate, | ^Ca, crystallises in 

CHOHCOO 

rhombic prisms containing four molecular pro¬ 
portions of water w-hen calcium chloride is 
added to a neutral solution of a tartrate; very 
sparin|;ly soluble in water (1 part CaT^H-jO in 6,265 
parts water at 15°); soluble in alkaline tartrate 
solution, and in caustic soda or potash. Potassium 
antimony tartrate. Sec Tartab Emetic. 

Tartrates (Cfiem.) Salts of Tabtabic Acid (q.r.) 

Tartrazine (Chem., Dyeing). See Dihydkoxy- 
taetahic Acid. 

Tar Well {^Oas Mamifac.) See Gas Manufac- 

TUBE. 

Tassets (Arm.) A pair of metal appendages, often 
jointed and flexible, which hung from the cuirass or 
corselet to protect the thighs in front. Worn during 
the fifteenth, sixteenth, and seventeenth centuries. 


Taeto Solo (Muxie). Implies that the notes arc to 
bn ]3laycd without accompanying harmonies. 

CH.,Nn, 

Taurine (Chem.) I ' (Amidoisethionio 

cH.,so,on 

acid). Colourless monoclinic prisms; melts witli 
decomposition about 24(F; soluble in water, insoluble 
in alcohol. It beh.aves as a weak acid. Nitrous acid 

ciijOn 

converts it into isethionic acid | 

CH, 80 s 0 H. 


Taurine occurs free in bile, but cliiefly in combina- 
tion with cholalic acid as taurocholic acid. The 
latter yields taurine on hydrolysis, 


CHjNH, 


+ HP = 1 C„H«0,. 


Tanrine can be obtained from ox-bile by adding 
hydrochloric acid, filtering, and concentrating when 
a resinous mass separates; the aqueous solution is. 
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ponred off, further conceittrated, filtered, and the 
taurine precipitated by alcohol; it is rocrystalllsed 
from water. 

Tanroc^olie Acid C 5 gH^.N 078 . Needles; 

\'rry solnfcle in water and in alcohol, less soluble in 
other; when boiled with water it is hydrolysed. See 
Taubine. The solntion is dextrorotatory. It ocenrs 
as the sodium salt in bile; to obtain it bile is precipi¬ 
tated with lead acetate, which separates glycocholic 
acid, filtered, and the filtrate precipitated 1^ basic 
lead acetate. The lead taurocholate tbns precipitated 
is decomposed by sulphuretted hydrogen. 

TaatomeriBiii (_Chem.') Many substances are 
known which react as if they possess more than 
one formula. Pot example, ethyl acetoacetate (^.p.) 
reacts as if it has the two formulae: 


CH, 

I 

CO 

I 

CH. 


and 


CH, 

i.OH 

II 

OH 


COOC..Hs 


COOC,H, 

and phloroglucin (jf.r.) as if it has the formulae: 
CO C.OH 

H,C.>'^.CH, HCj^^CH 

and I 

;co IlO.Ck^t 


oc 


CH, 


Jc. on 


CH 


wiiile l-pheuyl-3-methyl-5-pyrazolone (xee I’tbazolb 
AUD ITS Dbbivativbs) Can react as if it has three 
formulae. To this phenomenon many names have 
been given, such as Tautomerism, I’scndomerism, 
Hesmotrophy. Of these, perhaps the commoiifcst is 
the first one. In the above examples, although the 
substances react as if they have more than one 
formula, they aire only known in one form; but in 
some cases the so-called tautomers arc known in 
more than one form. Examples of such are: 

Ethyl diacet.vlsuccinatc ; 

cn,co. CH. cooc.,Hj. cti, . c . oh .- c . cooc,ii, 

I I 

<^1H,C0 . CH. COOC.,H, CH,. C(On): C. COOC,,llj 

Kotu form (two solid fumu>). Eiiol form (liqnid). 

«8'>ttnd68'’. 


/C.OH.C^Hj 

\CO.CUI, 


Hebenzoyl methane: 

/COC.Hs 

H..C/ IIC^; 

\coc«nj 

£th;>l and methyl mcsilyloxLdeoxalatc: 
J^j|'>C:Cn.CO.CH.,.CO 

COOC^Ils 

Keto form. M.P. 20®. 


J^^*>C: CH. CO. CH: C. OH 

COOCjHj 

Knol form. M.P. 59"—00®. 

We will illustrate the relations between the two 
forms a little more fully in the last case. I’he enol 
form goes over into the keto form on prolonged 
heating on the water bath; the keto form passes in 
jiart into the enol form on prolonged beating at 
130°; the enol form shows the higher refrattivc and 
dispersive power for light. In this case, on solution 
the enol appears to pass entirely into the ketol, but 
the solvent exercises a great influence on the speed. 


ionising solvents bringing about the change far more 
rapidly than non-ioni8ing~>thus In chloroform the 
change is very slow, in benzene and carbon disulphide 
it is slow, but in methyl and ethyl alcohol the clmnge 
is rapid. Thus it must be assamed that in these 
cases ionisation occurs. With some tautomers 
equilibrium between the two forms ocenrs on solu¬ 
tion ; this is the case with nitrocamphor, which is a 
solid, and only known in one form in the solid state, 
bat, as the change of rotatory power on solution 
shows, it must be present in solntion in two forms— 
the normal form and pseudo form : 

/CHNO, /C:NO.OH. 

C,n, / I and CsH./ | 

\co \co 

The determination of which of the possible fonnnlse 
of a tautomeric substaniw is to l>e as.signcd to it is 
carried out by physical methods; examines of such 
determinations are given under MoLECUIiAK Mag- 
MBTje KOTATION, MOLECULAR REFRACTIVE I’OWEB. 
Hpbctrum ANALT.SIS. It will bo seen from the 
foregoing that tautomerism is nothing more than 
ordinary i.somerism between substances which can 
pass somewhat readily into each other; that is to 
say, no very sharp line of demarkation exists be¬ 
tween tautomerism and ordinary isomerism. Most 
tautomeric compounds contain a ntobilo hydrogen 
atom. When the mobile group is complex, the change 
of one tautomer into the other becomes more difficult 
to effect; this isoacetopheiione ethyl ether is only 
changed into phenylpropyl ketone on prolonged 
heating to a high temperature : 

C’TT.. TH,. C'J-R 

ti -» . ■ 

CeHiCO.CJT, CJI,.(;o 

When the two tautomeric forms can exist in equili¬ 
brium with each other, the phenomenon is called by 
some chemists “ dynamic isomerism,” A met bod of 
determining the ])oint of equilibrium in such cases 
has been dcvi.scd by Lowry; it depends ov the 
measurement of the solubility of one of the isomers, 
or better, when the substance is optically active, of 
the change in rotation wbicb occurs on solution, for 
t he two forms will not have the same Bj)ecifio rota¬ 
tory power. Suppose a tautomeric substance A to 
be known in one form only; let it be dis-solved in 
a solvent iti which the change into the form 11 is 
not quick—say it takes days, determine its .sohi- 
bility at once by thoroughly shaking an excess of A 
with the solvent until the latter i,s satiiratod, and 
then fimling Low much is dissolved in a given 
weight of the solvent. Now set aside a pait of the 
saturated solution in contact with excess of A ; as 
A transforms into 15, more of A will go into solution, 
and t1ii.s will continue until equilibrium is e.stab- 
lished between A and R in stilution and between 
the solid and ]ir|uid pbases of A. Determine the 
solubility under tbe new conditions, and it is clear 
that if a is tbe first solubility and ^ tlic second, we 
have equilibrium between a of A and (/3—a) of B. 
A similar argument holds for the change in specific 
rotation. 

Tawing {Leather Manv/ac.') The process of 
(lres.sing .skins for glove leathei' by means of alum, 
salt, (lour, and egg, 

Tazza. A large shallow ornamental cup or bowl, 
mountetl on a foot and gt'nerally having two handles. 

T-Boltl or Tee BoUb {Eng.) Bolts with large 
heads (usually rectangular), forming a T. They are 
u8ed in the tee slots {q.v.) of machine tables. 



TeCCWflOT.) The eymbol for Tellurium (jf.®.) 

Tm i^Foodi). Tea oonsists of the dried leaves of 
a ahrub, Thea Hnentit, grown in China, Japan, India, 
and Ceylon. Green tea differs from black solely in 
the method of preparation, the former being dried 
over wood fires when fresh, the latter being dried 
slowly over- charcoal fires after lying in heaps 
(withering) for about twelve hours. Tea contains 
albumin, extractives (about 15 per cent.), dextrine, 
mineral salts, tannin (about 13 per cent.), oil, and an 
alkaloid known as thein (about 8 per cent.) Tea 
should be made with boiling water and not allowed 
to stand longer than five minutes, otherwise the 
quantity of tannin extracted renders the infusion 
astringent and unwholesome. If soft water be used 
a less quantity of tea is required. As a beverage lea 
is valuable as a nervous stimulant-; but the abuse of 
it leads to a weakened digestion, constipation, and 
sometimes nervous depression. See Foods. 

Teak. Sue Woods. 

Teazing (ll'ouWra Mamtfac.') The operation of 
mixing the wool prior to carding (jr.r.) 

Technique (ylrpi). The mastery of detail and the 
qualitie.s of hand and eye that result in technical and 
manipulative skill. 

Tedge (^Fountlnj). A Gate or Runnek (</.r.) 

Tee Bolt, etc. Sre: T-Bolt. 

Teeming {Met.) I’ouring out molten metal. Used 
esjiecially b}' the steel makers in the North of 
England. 

Tee Slots (.Fng.) Slots formed on the surface of 
the table of a ])laning machine or slotting ui.aciiine, 
etc., in order to hold the heads of 'I’ee BolLs: the 
cross-hectien of the slot is in the .shape of a T, and 
of such a size that the bolt can be in.serU'd at one 
end, an<l then moved along it to any point at which 
an oijject has to be bolted to the table. 

TeBtmones {Architerf.) See Ati.antbs. 

Telegraph and Telegraphy, The simplest form 
of telegmiiliio apljaratus con.sists in princ-iple of 
a galvanometer (tlie Receivik(^ Instuument or 
Keceiveb) fonnoetod by an insulated wire (llte 
i.i.NK) to a battery and to a Iriinsmitting key, or 
Tai’PEB, placed at a distant station; the circuit is 
usually completed through the eajtl), to which both 
ends of the system are comieoted. By moans of the 
transmitting key an operator can cause a current to 
flow in either direction at will, thus producing a 
deflection of the receiving needle cit her to the right 
or the left. The instrument can thus transmit two 
distinct signals, which may be combined together 
in any manner desired, e.g. to produce an alphabet 
and other signals desired; the combination of signals 
in general use is that known as the Morse Alphabet 
or Morse Code. 

The two signs used are generally represented as a 
dot and a dash, and the alphabet is formed as 
follows : 



Other combinations of dots and dashes are used 


to indicate figures, and also certain other signs and 
abbreviations. 

The single needle instrument may be replaced by 
one with two needles; or an instrument may be 
used in which a sound is produced by the motion of 
an armature attracted by au eloctro.magnet. By 
employing an instrument which can give two distinct 
sounds, or by using long or short intervals between 
successive sounds, the two signals necessary for the 
Mobbe Code can be obtained. The receiving opera* 
tor reads the message by ear alone, and can write 
it down as it is received. When the line is of great 
length, and the transmitted currents are feeble, 
either 'a very sensitive receiving instrument is used, 
or a relay' {q.v.) is fitted to the receiving instrument, 
which is then actuated by a local battery, the feeble 
current in the line being utilised to actuate the 
relay. 

The above instruments have the two great dis< 
advantages that no permanent record of the messages 
can be obtained, and that the speed of transmitting 
is very limited. Both the.se defects are overcome 
in printing or writing instruments. In these the 
current actuates an iustrumeut which can make a 
mark upon a long strip of paper drawn through the 
receiver by mechanism. To obtain the two distinct 
signals; the marks may be made short and long 
(‘■dot and dash”) as in the Morse Printing Tele¬ 
graph, or a continuous line may be produced, which 
remains straight so long as no current is sent through 
the receiver, but is bent into a sinnons form if the 
writing device be dellecled to one side or the other 
by the action of the current. The Kelvin Siphon 
Recorder is of the latter type, the line being drawn 
by ink flowing from the end of a fine tube, bent into 
a siplfi;i, and dipping into a reservoir of ink. The 
deflection of the siplion is produced by a coil sus¬ 
pended between the poles of a magnet, the passage 
of a current through the coil causing it to turn, as 
in the iJ’Arsonval Galvanometer. Increased speed 
i.s attained by a mechanical method of transmission. 
A strip of ijaijcr is perforated with lioles arranged 
to correspond with the dots and dashes of the Morse 
code, and the strip is then drawn ill rough a trans¬ 
mitting in.stnimcnt so const.ructed that a hole in a 
particular jiosit ion camses the circuit to bo completed 
and a current sent through the line. The strips are 
perforated by a rauchine worked by hand, but a long 
message may be prepared by employing a number of 
operators simnltaiicously, the strips being afterwards 
jiassed tlirongh the transmitter in snecession. By 
this means the speed of transmission may be increased 
ton-fold or even more, a matter of great importance 
when a numlier of lengthy messages liave to be sent 
over a given system. In a recently invented form of 
writing telegraph the record is obtained by the action 
of a beam of light on a striy) of sensitised paper, 
which is afterwards developi'il and fixed; the deflec¬ 
tion of the beam is produced by the movement of 
a very small mirror, such as is used in reflecting 
galvanometers, 'I’he moving i)arts are very light, 
and the necessary motion very small, so that the 
mirror responds very rapidly to a very small current. 
With this telegraph, developed by Virak and Poliak, 
the extraordinary speed of 1,000 words per minute 
is said to have been attained. Printing telegraphs 
have also been devised to record the message in 
ordinary characters; they may be roughly described 
as electrically worked typewriting machines, in 
which a keyboard at one station actuates printing 
mechanism at another by means of an electric 
current. 
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Land Lines, or the wires used for ordinary 
telegraphy on land, are usually of bare iron wire, 
having a resistance of about 16 ohms per mile ; they 
are attached to insulators of earthenware, carried on 
the cross bars on the poles. But the use of under* 
ground wires is increasing, owing to frequency of 
breakdowns in aerial wires through storms and other 
causes. Buoh wires are necessarily coated with 
insulating substances, and further covered with 
some material to protect them from the action of 
water, Submabine Cables require still further 
protection, and arc usually surrounded by a sheath 
of wires, covered with hemp and guttapercha. 

The testing of the wires forms a very important 
branch of the telegraphist’s work, and breakages, 
contact between two lines, a complete or a partial con¬ 
nection to earth, can all be detected and the position 
of the fault found by an operator perhaps many 
miles away. Many of the methods employed depend 
on the accurate measurement of resistances, the 
form of Wheatstone's Bridge (q.v.) termed the I’ost 
Office Box being largely used in this connection. 
The electrical capacity of a sy.stem is also in certain 
cases a guide to the detection of a fault. 

Uui’LEX telegraphy consists in sending messages 
along a single wire in both directions at the same 
time; in the commonest case this is effected by 
connecting the instruments and the line to the earth 
by suitably adjusted resistances, forming a c;ombina- 
tion of conductors resembling that of a Wheatstone 
Bridge. In Diplex working two messages may be 
sent simultaneously in the same direction, special 
instruments being used which only act when the 
current flows through them in one direction. In 
Quadeuplex telegraphy, two messages may be sent 
each way simultaneously, a combination 6f the 
Duplex and Diplex methods being employed. 

Telegraphy, WireleBS (iiTcct. £nff.) See Wiueless 
Telbgbaphy. 

Teleieono^aph. An instrument consisting of a 
combination of the telescope and the camera lucida 
invented by M. B6voil. The camera lucida is 
attached to the eyepiece of the telc-sc-ope in such a 
manner that an image of objects coming within the 
field of view appear to the observer to be projeote<l 
on a sheet of paper placed below the eyepiece so that 
the outline can easily be sketched. The scale of the 
drawing depends on the distance the paper is placed 
from the eyepiece. 

Telemeter (Surveying"). An American term for 
the stadia (q.v.) 

Telephone. One of the most typical forms of 
telephone is that of Bell. This contains a thin 
circular plate or diaphragm of iron, supported at 
its circumference; a bar magnet is placed with its 
axis at right angles to the diaphragm, and one pole 
placed opposite and close to the centre. A coil of 
fine wire surrounds the magnet, being placed close 
to the same pole. When sound waves fall upon the 
diaphragm the latter is caused to vibrate, and as 
the iron approaches or recedes from the pole of the 
magnet, induced enrreuts are set up in the coil of 
wire. If the latter be connected by wires to the coil 
of a similar instrument or Bbceivbb placed at a 
distance, tbe induced currents, in flowing through 
the second coil, will set up vibrations in the diaphragm 
of tbe receiver, which correspond very closely to 
those of tffie first or transmitting” diaphragm, and 
the origiaal sounds will be closely reproduced. 
This instrument is now used chiefly as a receiver. 


and in many cases the original form is very closely 
adhered to. Its use as a transmitter was, however, 
abandoned at an early date, and a different form of 
instrument substituted for this purpose, by wMch 
the effects were very greatly imprqyed. Modem 
transmitters are bas^ upon tbe principle of tbe 
Micbophone (q.v.) Tbe original microphone of 
Hughes was a light pointed rod of carbon, supported 
loosely in a vertical position between two carbon 
blocks; the instrument was connected in series with 
a battery and a telephone receiver, and the current 
entered the microphone by one block, passing through 
the carbon rod and the two loose contacts, and left 
by the other block. Ho sound is board in the 
receiver so long as the current is steady; but a very 
minute movement of the carbon rod causes a variation 
of tlie resistance of tbe circuit, and a corresponding 
alteration of the current, which produces a movement 
of the diaphragm of the receiver, and consequently 
a sound. The vibrations of the receiving diaphragm 
are much stronger than the original ones, aud sounds 
as minute as those produced by a fly walking over 
the base board of the microphone, are distinctly 
heard on the telephone. In modem transmitters, 
the .sound impingc.s on a metal diaphragm, behind 
which lie loose carbon contacts, often in ilic form of 
small grains; the electrical connections follow tbe 
same principle as in the original instrument. 

The action may bo improved in long lines by the 
insertion of a small induction coil in the ciicuit. 
The transmitter and batterj' arc included in the 
primary coil, and the secondary coil, which has a 
much larger number of turns of wire, is connected 
in series with the transmitting wires or “ telephone 
lino,’' and with the receiver. By Diis means a much 
higher voltage, and consequently a stronger current, 
is obtained in the receiving circuit than would be 
the case if the coil were not usetl. 

A simple form of telephone “set” consists of 
receiving and transmitting instruments, a call-bell, 
and a l^ll-push by which the boll at the ref3iving 
end Ilf the line can bo rung; the induction coil and 
battery may also be included. The receiver when 
not in use is hung from a lever forming part of a 
switch, which connects tbe line to the call bell, so 
that the latter can be rung to attract attention; on 
removing the receiver from its support, tlie lever 
rises and operates the switch in such a way tiiat the 
line is disconnected from tbe boll, and connected to 
tbo receiver itself, so that a message spoken into the 
transmitter at the other end can now be heard. 

later-oommunication between different sub.scribcrs 
is effected by moans of an Exchange ; a subscriber 
first “calls up,” or gets into communication with, an 
operator at tho exchange. The signal necessary to 
attract tho operator's attention is either given by 
means of a bell, or the mere act of removing the 
receiver from its support may automatically supply 
the signal at the exchange, cither by actuating a bell 
or lighting up a small glow lamp; the operator then 
connects up tbe first subscriber's instrument to that 
of the second subscriber whose number is quoted, by 
means of a switch board to which tbe necessary 
wires arc attaclied. Tho arrangements of the wires 
and switch boards are very ingenious, but too 
complex for a brief description. 

Telescope. An optical instrument by which an 
image of a distant object is produced, this image 
being viewed^brongb a magnifying eyepiece. Tele¬ 
scopes may be divided into two clones, according 
to tbe means employed to produce the image. In 
Class 1, ItEFBACTlNG Tblebcofes, the image is pro- 
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dnoed bj a lens termed tbe Objbct -Qulsb or 
Objbctivb ; in Class 2, Beflectinq Telescopes, 
the image is produced by a concave mirror of large 
radins, termed a Speculum, 

(1) The object glass of a refracting telescope is an 
achromatic lens of long focus, which produces a real, 
inverted, and diminished image of the object observed. 
In tbe Astboeohioal Telescope this image is 
viewed through a lens or system of lenses acting as 
a simple magnifying glass, which produces a vertical, 
magnified, and invertm image; the inversion is, how¬ 
ever, of no moment in astronomical work. A Tebbbs* 
TBiAL Telescope possesses an erecting eyepiece, 
usually consisting‘of four similar planoconvex lenses, 
separated by distances depending on their varying 
foci. Galileo’s Telescope, which forms the 
optical system of a modern Opera Glass, possesses 
a concave eye lens, which is placed between the 
object glass and the image produced by the latter. 
By this means an erect and magnified image is 
produced. 

(2) Keflecting telescopes possess several distinct 
advantages, especially for astronomical work. They 
can be made of much greater aperture than refract¬ 
ing telescopes; chromatic aberration is entirely 
absent, and spherical aberration is avoided by 
making tbe speculum parabolic instead of spherical 
in form. The mirror may be constructed of glass, 
ground to shape and silvered ; or of speculum metal 
(an alloy of copper and tin), which is capable of 
receiving a high polish on its surface. Reflectors 
differ in tlic method employed for viewing the image. 
In Uebschel’s Telescope the axis of the mirror 
is inclined so as to throw the image to the side of 
the tube, the eyepiece being suitably placed to 
receive tbe image. In Newton's Telescope a 
small plane mirror is placed inside the tube, so as to 
receive the rays after reflection from the speculum, 
and reflect them again towards the eyepiece, which 
is placed at the side of the telescope and directed to- 
wards^he plane mirror. In Gueuouy’s and Casse¬ 
grain’s Telescopes there is a small curved mirror 
placed axially inside the telescope tube. This re¬ 
ceives tbe rays after reflection from the speculum, 
and reflects them back through a central aperture in 
tbe speculum; the eyepiece is placed so as to 
receive the ra 3 s through this a{x;rture. 

Mounting op Telescopes. —Terrestrial tele¬ 
scopes require nothing more than a tripod stand 
which supports the telescope at a convenient height 
and enables it to be turned in any required direction 
by means of a suitable joint. Astronomical telescopes 
have much more elaborate forms of mounting, 
depending on the special purpose for which the 
instrument is required. The Tbanbit Circle con¬ 
sists of a telescope mounted on a horizontal axis 
pointing due east and west and carrying a vertical 
graduated circle; the telescope therefore always lies 
in the meridian. For observations of bodies not on 
the meridian, and for continuous observations, other 
forms of mount are necessary. Tbe Altazimuth 
instrument has two axes, one vertical (the Primary 
Axis), the other (or Bbcondaby Axis) being hori- 
zontu, and carried by tbe former. Bach axis carries 
a graduated circle by which it can be brought into 
any position, or tbe angle through which it has 
been turned read .off. An Equatobial instru¬ 
ment bas also two axes, the secondary being 
horizontal, but the primary one is inclined so as to 
point in the direction of the pole. This axis carries 
a gi^nated circle tenne>l the Hour Circle, while 
the horizontal carries what is termed tbe 


Declination Cibclb. The figure represents a small 
portable Equatorial byDollond; the object glass es 
of 3 in. aperture and 3 ft 6 in. fo<»I length. 



A is the body or tube of the telescope; the object 
glass is at B ; c is the eyepiece (a terrestrial eyepiece 
is shown in tbe figure, the four lenses being placed 
at D,, Djj, D,, D^). H is the Finder (^.e.) The primary 
axis is at f, inclined so as to point in the direction 
of the pole. The graduated circles are shown at 
o and H. The telescope is turnerl while a star is 
being observed by means of the handle K, so that 
the object always remains in the field of view. 

Various accessories are used with astronomical 
telescopes, such as a Finder (^.v.), Verniers, and 
Reading Microscopes for determining the exact 
angular position of the instrument by reading tbe 
graduated circles; Tanqbnt Bcbbws for effecting 
small or gradual movements of theso circles; Gross 
Wires in the eyepieces; some arrangements for 
illuminating the wires; and many other devices. 
Devices are also used for photographing celestial 
bodies, and for observing their spectra, but these do 
not form part of the telescope proper. 

Telescmple Pipes iEng., etc.) Pipes which slide 
into one another at the joints, like the tube of a pocket 
nautical telescope, so as to admit of a certain amount 
of lengthening or shortening. They are often used in 
pumping water from coffer dams, mine shafts, etc. 

Teleseeple Shaft {Eng.) A shaft constructed in 
a similar manner to a telereopic pipe to allow of 
longitudinal extension. 

Telesoopic Stan (Asfroa.) Btars that are In¬ 
visible to the naked eye, and require a telescope to 
observe them. Cf, Star Magnitudes. 

Telespectroioope (^Attron.) A combination of 
telescope and stxictroscope for analysing the light of 
the celestial bodice. 
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Tell Tale {Enf.) An imlicator used to show when 
a certain number of revolutions has been made bj a 
machine, e.g, a WlDDiKO Enginb iq.v ,); also similar 
automatic devices used in various machines to indicate 
ihe completion of a certain scries of movements. 

— (Mutie). In organs the weight suspended 
from the bellows, which falls and rises as the 
reservoir fills and empties. One is generally in view 
of the organist and another in view of the blower, 
when blown by manual labour. 

Telluric Bismuth (Mhi.) Tellnridc of bismuth; 
sulphirr and bi lonium are also present in some coses. 
Hexagonal system. Colour pale grey. Konnd in 
Cunil^rland, Norway, Sweden, Hungary, United 
States, etc. 

Tellurium Te. Atomic weight, 127’6. A 

lustrous white metal (or luetalloid) Ixdonging to 
Onmp VI. of the Periodic system; melts at 452°; i 
boils at 478° in the vacuum of the kathode light; it 
can l)e distilled in a current of hydrogen, and may 
be purified in this way; crjstallises in rhombohedra. 
Its vapour density corresr)onds to the formula 
Tclhiriuiii burns uith a blue tlame when heated in 
air to the dioxide; it is soluble in a concentrated ; 
solution of caustic potash, forming ,a red .solution 
which contains potassium tc]lurid<3 and I'otassiuni 
tellurite; nitric acid oxidises it to tollurous acid. 
Tellurium occurs free, and as graphh' tellurium (Ag, 
Au) T«'j iq.v,), as nagvagite ^Aii . Pb)a(Te . K . tib), 
(q.v.), as silver tcllurule (Ag,Te), and as bismuth i 
telluride (BiTCj). It can be obtained by boiling tlie i 
ore W'ilh concentrated sulphuric acid, diluting the i 
solution, and adding hy<lrochloric acid; golit and | 
silver are thus scparatcil, aud on passing *;ulphur ^ 
dioxide into the clear solution tellurium is precipi- , 
tatevl. For a purer product the witole ojxjratioti is { 
repeated; it may bo farther ] uriSed as imiicated 
al)ove. 'When 'j)recij)itatod from its solution bj 
sulpliur dioxide, the tellurium is in an amorphous 
condition. Itatlioactivu tollnriiiin is tlio name given 
to the deposit formed when hisrimth i.s inimersed ui 
a solution which contains ^>oloninm. Radiitji. 
This deposit consists chiefly of tellurium, and is j 
strongly radioactive, but the activity is not duo to j 
tellurium, for the latter can he jueciijitatetl from the 
active solution in an itiactivo slate. Tullcbioks, 
Tclluretted hydrogen, iPTc, i» a colourless gas; boils 
at 0°; melts at ■4x"; it lias an offensive odour like 
sulphuretted hydrogen, and is soluble in water. It is 
very readily decomposed; light decomiKises it, and 
it is partly decomposed on heating TeII„ ^ Te + H./, 
it is also decomposed ou contact with moist air. 
Tclluretted hydrogen precipitates tellnrid(!.s from 
salt solutions like sulphuretted hydrogen precipi tales’ 
sulphides. The gas is c»htained,*mixed with hydro¬ 
gen, by the action of a dilute acid on magnesium or 
zino telluridc; or in nearly pure eonditirm by electro¬ 
lysis of 50 per cent, sulphuric acid at —15° to —20°, 
using tellurium as kathode. Metallic tellurides are 
obtained by heating the corresponding elements 
together; the alkaline tellurides can also be obtained 
by passing tellurcttetl hydrogen into a solution of 
the alkaline hydroxide. (HinomoKS. The dichloridc 
TeCL is a black solid which melts at 175° and boils 
at 327°, giving a vapour which has a characteristic 
absorption sjrtjctrum; it is decomposed by water; 
2TeCl.j + 3HjO — Tc + H„TcO, + 4iK'l. It is formed 
by heating tellurium in chlorine, boiling the product 
with more tellurium, and distilling. The tetra¬ 
chloride, TeC'l^ is a white crystalline solid; melts 


at 224°, and boils at 380°; it is deliquescent, and de* 
composed by water, giving an oxychloride and tellu* 
rotts acid in the cold, the latter alone on boiling. It 
is prepared by heating tellurium in excess of dry 
chlorine. Oxides. Tellurium dioxide, TcO,, is a 
white crystalline solid, practically insoluble in water; 
it dissolves in caustic soda or caustic potash, forming 
tellurites Ne,TeO, and KjTeO,; it is formed by burn¬ 
ing tellurium or by dissolving it in nitric acid and 
crystallising above 20°. Tellurium trioxide, TeO„ Is 
an orange yellow crystalline solid; when strongly 
heated it gives the dioxide; water does not act on 
it. Boiling concentrated caustic potash gives potas¬ 
sium tellurate ; boiling hydiochloric heid gives tel¬ 
luric acid and chlorine. It is prepared by heating 
telluric acid. Acids. Tcllurous acid, HjTcO,, is a 
white amorijbons solid, sparingly soluble in water, 
more soluble in acids; on heating, it retidily yields 
the. dioxide; it is a feeble acid, aud dissolves in 
alkalis forming tellurites; potassium permanganate 
oxidises it to telluric acid. Tcllurous acid is obtained 
by dissolving tellurium in nitric acid and immediately 
adding much water when the ari<l is precipitsited. 
Telluric acid, llJIcOj, erystallisos iii w'hito muuooliuic 
prisms; soluble in water; it is a feeble acid ; it dis¬ 
solves in alkalis forming tellurites; it is reduced to 
tellurium by sulphur dioxide and many other reiluciug 
agents. It is prcfiared by dissolving tellurium in a 
mixture of nitric and chromic acids, crystallLsing the 
sohition, washing the crystals with nitric acid and 
dissolving them in water, rciirccipitating with nitric 
acid, and finally crystallising from water. Ralts, 
No wcll-ilcfincd normal salts in which tellurium acts 
as a metallic radical are known, so that tellurium 
has more of the characteristic reactions of a non- 
metal than a metal. Tellurites (ti<r above) are known, 
and telliirateH. Potassium tellurate, K„ll,TcO„3UjO, 
may he iJicjaired by fusing the dioxide" with caustic 
potash and potassium chlorate; on adding buritim 
chloride to its solution, barium tellurate, BaH,To(i,.,. 

is precipitated. This barium salt is mote 
soluble in water than hariun: sulphate. 

Tellarium (J/in.) The metal lias been found 
native, but is very rare ; it usually occurs in com¬ 
bination as a 1 ellurid'-. 


Temper (EngA Tlie hardnes.s, elasticity, and 
«>thcr conditions produce d in steel by certain opera¬ 
tions of heating and coaling. Nee Tempeuing. 


Temperament iSovnd). A modification of the 
pitch of the notes forming the scale, which enables 
note'i belonging to one key to he used as part of the 
scale of another key. (.’oiisidcr the succe.ssiou of 
notes forming the natural scale, or, as it is termed, 
a scale with Jurt Intonation ; then taking the 
frequency of the tonic or key note as unity, the 
frequencies of the rejnuining notes arc a.s follow'.s: 

O' D K F U A B O' 

1 I i i 5 S ¥ 2 

Taking these notes in pairs it is found that the 
intervals, or the ratios of the frequencies of two 
successive notes, are not constant, but that there are 
three different intervals or ratios; thus the interval 
between the first two notc.s is between the second 
two ¥> and between the third two, The complete 
scale therefore contains the following intervals : 

CDEFGABC' 


I ¥ « I ¥ & U 

The interval | is termed in Acoustics a MajobTonb, 
¥ a MixoB Tone, and aJLiuMA. The major and 
minor tones are very nearly equal; the ratio between 
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them ia I'-t- V or IJs this interval is termed a 
COKMA. Suppose we take a scale in which 0 has 
a frequency of VSO ; the other notes will then have 
the following frequencies: 


C' 5iO 
B 506J 


}H 

A 460 < 

)v- 


G 405 
F 360 


B 837|< 
D 303 j/ 
C 270 


)» 

}ti 




limma 
major tone 
minor tone 
major tone 
limma 
minor tone 
major tone 


This scale will bo perfectly correct so long as wc 
keep to the key of C; but if we attempt to change 
the key, i r. to take any other note than C os the kcj’ 
note, wc shall meet with certain difilculties. Suppose 
D be taken as the key note; tlic first interval will 
be a minor tone, instead of a major tone, while the 
next interval will be a limma, when it ought to be a 
minor tone, an interval nearly twice as great. The 
latter difficulty is met t>y introducing a new note 
between F aial (>, which wc terra “ F sharp ” (FJ). 
There exists, however, no practical method by which 
the first difficulty can be surmounted. A compromise 
is therefore effected by wbi<jli tf>c relative frequencies 
of the notes are so adjusted that they may be utiliso<l 
in tlic scale of other ke 3 ’H witli equal, or approxi- 
mateh' equal, accuracy; this compromise is termed 
Temperament. 'Jhere are many possible tempera¬ 
ments, which it is not pos.sible to discuss here (tee 
A. J. Ellis, “ riococdiiigs of the Itoyal Society,” 
vol. xxiii. pi>. 3-81), but the most important is that 
known as Equal TiiMi’EaAMENX. In this, one 
interval, vh. tlie oe.tave, is kept absolutely correct 
and the remaining notes are sharpened or flattened, 
so that the major and minor tones aie equalised, and 
each of them is made equal to two limmas or “ semi¬ 
tones.” There are thus tvvehe Bemi-tones in the 
octave, and if thetio be absolutely ertual, any one of 
them maj' be taken as the key note, and all the 
scales so produced will be exactly similar. I’he. 
following comparison shows the ratio.s of the fre¬ 
quencies of the notes in an equally tempered scale, 
the correct intervals being added for comparison : 

C . 1) E F GAB C' 
1-1250 1-2500 1-3333 l-5(Ki0 1-6666 1-8760 2 

1 11224 1-2590 1-3348 l-49«3 1-6«18 1-8875 2 

Tl>o .scale of eqnal tcmi«rament is not exactly 
followed in practice, the result being that all keys 
are not quite the same, the errors being greater as 
tlie number of sharps or iLats in (he scale is increased, 
and also, in most cases, greater in .sharp kej's than 
in flat keys. Tlie precise result depends to a large 
extent on the individual tuner of the instrument. 

I’crfectly just intonation may, of course, bo obtained 
in music performed by the human voice, or by instru¬ 
ments of the violin class (c.^. a string quartet), so 
long as no instruments having fixed intervals are 
employed at the same time. The continued use of 
tempered scales has, however, largely impaired the 
sensitiveness of most musical ears to perfect 
intdiOitiqn. 

Tempera, Painting in. A'ca Painting (Methods). 
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Temperate Zones, Xbrih and ioetli, fh» pearta 
of the Earth’s surface lying between the tropics and^' 
the Arctic or Antarctic Ci^o. 

Trnnperature (Seat). Temperature is, in popfilax 
language, that which deteimines- the hotness, 'or 
coldness of a body. A hot body is said to have a 
high temperature, a cold body a low temperature^ 
the terms “ high ” and low ” being meipely relative, 
and varying within very wide limits accoi^ng to the 
ciroumstanocs under which they ate applied. A' 
body, A, is at a higher temperature thui a body, B, 
if, when they are placed in contact, heat flows froin 
A to B. See Measubbmbnt of Tbmpebatukh. 

-, Absolute (Heat). See Absolute Tempeba- 

TUBK. 

-, Critical (Meat). See Ceiticaij Teupeba* 

TUBE. 

-, Scales of (Seat). See Thebmometbic 

Koales. 

Tempering (Eng., tie.) The procos.s by which the 
hardness of steel tools, etc;., is regulated according 
to the purpose for which they are intended. The 
tool is first hardened by heating to a temperature 
not exceeding that of a "cherry red,” and then 
suddenly cooled by being plunged into cold water. 
'J'lie steel; if of proper quality, should now be so hard 
that it will scratch glass ; it is however very brittle, 
and liable to fracture. If the steel be now caiutiously 
heated, it is gradually' rendered softer and less 
brittle; by stojrping the heating at the proper 
moment, and again cooling by immersion in watet, 
tlie tool may ho left with the requisite “temper” for 
the purpose desired. To enable Ibis to be judged, a 
portion of the tool is carefully brightened after' 
hardenRig, so as to expose a c-lean surface of steel, 
free from scale or oxide. As the metal is heated, a 
succession of tints .appear on the surface of the 
metal. These tints change us the temperature rises, 
and indicate with sufficient s.ccurucy for practical 
I purposes the exact moment wlicn tlie heating must 
he stopped. The tints may Iwi cla.'-sified ns in the 
following table, wliich also gives the approximate 
temperature attained, and the principal tools for 
which each temper is reqiii.sitc : 


'j-ooU 

rain. 


Pale straw 

430“ 

Surgical instruments, 

certain tools for cut¬ 
ting metal. 

Darker straw- ... 

410“ 

Metal - working tools. 


to 

razors, cold chisels. 


470’ 

wood-w-orking tools. 

Brownish yellow 

500' 

! 

Axes, plane imns, chip¬ 
ping chhels, and 
other tools which are 
subjected to shock or 
percussion. 

Light purple ... 

530“ 

■'springs, swords. 

Dark purple 

r>70“ 

Saws. 


■Steel heated to liighor temixnatni-es than those 
becomes too soft for use in cutting tools. The purple 
tint gives way to a dark lilac, which gradually grows 
paler, assumes a greenish tint, and ultimately dis- 
appears. 

In some cases the tempering is effected by covering 
the object with oil or grease, and lieating it until the 
latter “ flashes,” or takes flfo. This process is termed 

48 
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Blaziko or Blazing Off; it is often applied to 
saws and springs. In other cases, especially where a 
number of small objects have to be tempered at the 
same time, they are heated in a bath of oil, fusible 
metal, or alloy, to the required temperature. This 
method is lately used in tempering cutlery. 

Temperio j {Pottery, etc.) Thoroughly mixing clay 
and bringing it to a suitable condition of plasticity 
for moulding. 

Template {Build.) The stone or wood block placed 
under the bearings of a beam or girder to support and 
distribute the pressure. 

- or Templet {Bny., etc.) A mould or pattern 

used to indicate the outline or form which has to be 
given to a piece of work. A template is usually cut 
from a thin sheet of wood or metal, the exact form 
being obtaincrl by careful measuremeuts taken from 
the working drawings. 

Templatlng {Bny., etc.) The making of Tem¬ 
plates {q.r.) In certain trados {e.y. boiler making) 
it is usual to entrust this operation to a special 
workman. 

Temple ( Weavinff). A flat bar of wood fitted with 
small pins at each end or other device used in 
weaving to keei> the cloth extende<i to its proi)er 
width to save the strain on the- reed caused by the 
sucking in or shrinking of certain fabrics. 

Templet. See Template. 

Tenmo {MueJe). Time, tempo dl vaUe, in the 
time of a valse; tempo ordhiario, ordinary time, i.e. 
at a moderate sijecd. 

Tempop&ry Centpe {Eng.) A pie.ee of wood or 
metal is sometimes attached temporarily to an,.objeft 
for tlie purpose of carrying a centre maik whieii i.s 
required during .sub.scquent operations; e.g. it may 
be necessary to find the exact centre of a hole. This 
must either be filled up or covered over by a piece of 
material on which the centre can be marked. 

Temporary Hardness of Water. See Calcium 
Compounds, Clakk s I’kocess, and Watek, 

Temporary Mandrel {EJng.'^ A rod which is 
passed through a hole in an object .such as a hollow 
tube or cylinder, in order that it may be supported 
between the centres of a lathe when the outside has 
to be turned. 

Temporary Stars {Aetron.) See NoviE. 

Tenacity. See Tensile .Strength. 

Teneramente {Music). Tenderly. 

Tenerezza, Con ^Vith tenderness; 

delicately. 

Teait, {Architect.) See Tjesia.. 

Tenon ^Carp. and Join.) The ordinary form of 
tenon is shown in Fig. 1. A is the tenon proper, or 



portion which fits into the mortice {q.v.) : B is termed 
the shoulder of the tenon. Fig, 2 is a Haunchbd 


Tenon, the portbn c, the Haunch or Haunohing, 
being formed so as to fit into a ploughed groove 
such as that on the inner edge of the stj'le of a door. 



Fig. 3 8how.s a Double Tenon, and Fig. 4 is a 
Babeface Tenon, which has a shoulder formed on 
one side only. Fig. 6 shows a Tusk Tenon, used in 



framing laige stiuctures sucli as floors. A is the 
tenon, B tlie shoulder, and the portion D is termed 
the Tusk, e is the joist into whi»'li the tenon is 


/ 



/ 




i 

V 

5. 



P 


Ell 

J. 4. 



morticed, and v a key passing through the tenon. 
A tenon which doe.s not pass right through the piece 
into which it is morticecl is termed a Stub TNnon or 



Stump Tenon. A Dovetail Tenon has one edge 
cut at an angle, like a dovetail, and it in held in posi¬ 
tion against a corresponding sloping side of its mortice 
by means of wedges. It may pass right through the 
material, or may form a stump tenon. 

Tenoning Machine {Carp., etc.) A machine used 
in cutting tenons. It may consist of saws, two of 
which work parallel to each other (the distance be¬ 
tween them being equal to the width of the tenon), 
and two more moving in a plane at right angles to 
the other two, for cutting out the shoulders of the 
tenon. More modern tenoning machines remove the 
material at the sides of the tenon by means of rotary 
cutters consisting of flat plane irons mounted in a 
revolving block. 

Tenon Saw {Ceerp. and Join.) A saw with a 
parallel blade and an iron or brass back, .used for 
cutting the shoulders of tenons, etc,- See SAWa. 
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Teaor {Mutie). (1) The highest of men's voices, 
«rith the exception of the alto. Generally speaking, 
the compass is an octave lower than the soprano. 
(2) The viola Cq v.) (3) The largest bell in a iieal. 
A tenore robvgto is a tenor singer with a fall, strong 
voice. Sue alto Tekob Clef. 


Tenor C The C an octave below middle 

C (jr.P.) 


Tenor Clef (Music). The C clef: 
line. See Btave and Bcobk. 


on the fonrth 


Tenorite (Min.) Black oxide of copper. Occurs 
as a non-crystalline mineral in the form of a powder, 
in masses, or as concretions. Forms an important 
copper ore in North America. 

Tenor Trombone (Music). The trombone in 
See Ml'.sical Inbtbvhents, p. 437. 

Tensile Strain (Eng., etc.) A strain consisting of 
an elongation produced in a piece of material b^j' a 
puli or tensile stress. 

Tensile Strength. The property of a material by 
virtue of which it rcsihta forces tending to produce 
elongation. The term is sometimes applied to the 
ultimate stress which a given piece of material can 
withstand, or to the breaking load. 


Tensile Stress (Eng., etc.) A force tending to 
elongate a body. 

Tension of Vaponr (JTcat). Ser Vapoch raESSUBia 

Tension Bods, Bolts, etc. (Eng.) Bods or bolts 
which are u.scd to resist tension. See also Tiu. 


Tenter (Tejutile Manufac.) A machine on which 
the cloth is stretched after .scouring, milling, dyeing, 
etc. The common form of automatic tenter is hori¬ 
zontal, bet it may also be vertical. The cloth passes 
t>n travelling tenter hooks over a series of steam 
pi})es. In the blanket trade, in (wder not only to 
stretch the cloth, but to retain as much as possible 
of tlv natural handle of the wool and whiteness of 
colour, tentering is done in the open air on vertical 
frame.'!. 

Tenuto (Music). Abbreviation <c»., held. The 
term is used to signify that a certain n(»tc or cliord 
is to be sustained for its full value. In modem songs, 
however, the term often signifies that a note is to be 
sustainetl for more than its projjcr length. 

Terebene (Chew.') A mixture of inactive terpenes, 
boiling between 15G® and 1K0“. It is a colourless 
liquid, insoluble in water, soluble in all organic 
solvents. It has an agreeable odour of pine-wood. 
Used in medicine in bronchitis and in coughs; it is 
either inhaled or taken on sugar. To prepare it, 
redistilled turpentine is shaken with suliiliuric acid 
till its optical activity disapiiears; then the product 
is distilled in steam, llipcnteno (see Teepkhbs) is 
an important constituent. 

- and Terebenthene (Pavntiug). On account 

of tho high price of turpentine many preparations 
have been made which are intondeti to replace 
this body, at all events on the market, although there 
is not one of them which is a really satisfactory 
substitute from the buyer’s point of view. They go 
under various fancy names, more or less suggestive 
of turpentine, such as terebene, terebine, tereben- 
tbene, turpentocn, eimi multis aliis. While some of 
them answer well enough for ordina^ work, they all, 
as stated, fall short of true turpentine, especially in 
drying and ia living power. They may bo classed 


under three heads, those oonsisting simply of heavy 
petroleum oils, those consisting of mixtures of petro¬ 
leum and rosin oils, aud those consisting of mixturea 
of petroleum and rosin oils adulterated with real 
turpentine. As regards the pronortions between tbe 
ingredients, each maker has hfs own recipe, and a 
good deal of the nomenclature depends upon this ; 
circumstance. 


TerephthiUle Acid (Chem.) 


O.COOH 



COOOH 


White needles; sublimes on beating without melting; 
sparingly soluble in water, alcohol, ether, chloro¬ 
form, and acetic acid. When heat^ with lime it 
forms benzene. It is obtained in a number of ways; 
thus it occurs as an oxidation product on boiling 
many terpenes with diluted nitric add. It can be 
obtained by the diazu reaction (q,.v.) from paramido- 
benzoic acid. 


'Coon 




/COOH 


coon 

"XCOOH 


from paraxylenc by heating it with bromine at ISO" 
to form paraxylyleno bromide, digesting the latter 
with alcohol potassium acetate, heating the acetate 
with alkaline pciinanganate, filtering and acidifying 
the product when tho acid separates out: 


Cell.' 


/CIT, 

CH, 


C II 

0^4 


/Cll^r 

\ CIUBr 




/ CTI,. OOC . CIT, /coon 

Cfl/ ■ C,II/ 

\ClI„OOC. CII, \COOII 

The reduction products of terephthalic acid have 
been carefully studied by Baeyer, who deduced the 
I centric formula for benzene as a result of his work 
on these compounds. On reduction of the acid with 
j sodium amalgam it adds two atoms of hydrogen in 
I the cold, four atoms on heating, and six atoms with 
great difficulty (twenty hours’ boiling of tho tetra- 
h^'dro acid with excess of sodium amalgam). The 
three acids so produced are: 

c. COOH c. cooii cii, coon 


HC^-'^SCH 

IT Cl 


CH 

cn., ii^cL ic 


,CH 

CH, 


H,c^cn, 


Hj,c 


kycij. 


CH.COOH 

dihydro- 

trreplitbalio acid. 


CH.COOH 

tetrahydro- 
teieiihtbalic acid. 


CH.COOH 
Ilezabydro- 
tereiibtbalic acid. 


The A''* — A* — acids behave like true nnsatn- 
rated compounds, adding bromine or hydrobromic 
acid directly, and reducing alkaline permanganate; 
but the hexahydro acid behaves like a saturated com¬ 
pound, and, although it reacts with bromine, it does 
so like a saturated fatty acid—that is, hydrogen is 
replaced by the halogen, and the hydrogen replaoeil 
is that attached to the carbon adjacent to the car¬ 
boxyls. The hexahydro acid is known in two 
stcreoisomeric forms. See Stbreoisohebibu. From, 
the formula for terephthalic acid it will be seen that 
four dihydro acids are theoretically possible. All 
arc known, and the A*-* — a«i*T occurs in two stereo- 
isomeric forms. Two tetrahydro acids are possible, 
and both are known, tho A* — acid occurring in two 
stereoisomeric forms. 
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Tomiiiial or Terminus (AreJateot.} An axchi- 
toctnral featnro, the lower part of whicb resembles 
an inverted truncated obelisk, while the up{>er part 
is fr^nently a bust of a man, woman, or satyr. 

Termiaater The line which separates 

the light from the dark portion of a sphere illami- 
nated from one direction. 

Terpanes Hydrocarbons of the formula 

0,oH,, They are mostly ring compounds which may 
be regarded as related to x>aracymenc, 

CH Cll 

CH CH 

but a few are open chain compounds of the olefine 
series. The terpenes and many of their derivatives 
occur in essential oils. Examples: Oil of bergamotte 
contains Mmonene and linalool (//.»•.), also liualyl 
acetate; oil of camphor contains camphor 
Xiinene (g.v.y, etc.; eucalyptus oil contains cincol and 
pinone; oil of geranium contains gcraniul; oil of 
lavender contains piuene, limoncnc, linalyl acetate, 
geraniol, and cineol; nil of lemons contains citral 
and limonene; oil of peppermint contains menthol 
and its acetate; otto of roses contains geraniol 
and citroncllol; oil of turpentine contains pincuc. 
BTevfit coMphene, which u a solid, tcrj>eiies are 
liquids. 5'hcy are volatile in steam; have an agreeable 
smell; most of them arc oi^tically active; some of 
them rcsinise on exposure to air and light. Hec 
Tinenk. They polymerise wlicn heatnil to about S()0“ 
to sesquiterpenes and polyterjjencs. When caoutchouc 
is distilled it forms a hydrocarbon called isqprcnc 

O.Hg of the constitution CH., = CH — C' 

■CH, 

which easily polymerises to dipentene : 


'Cll - Cll,. 

CH, 


+ CH, - CH - 

\cii. 

•.CH, 

CH 

CH, 

/ - 

Cll. 

C11,.C<^ 

cii; 

CH, 

CH, 


The compound isoprene is called a hemiterpene. 
Cadiuene. an oil which boils at 270° and is found in 
oils of cade, patehouli, cubebs, golbanum, angostiira, 
and many others, hu.s the formula and is called 

a sesquiterpene. So we liave 
BCtniterpeno: Isofirene, tljllg. 

Terpenes: about 13 of them = 2 x tjTI, = CVJlie- 
Kesquiteipenes; few definitely known = It x (yig 

= 

rolyterpcnes: none exactly studied = N x tyi^ 

- (cyig)„. 

For the properties of a typical terpene, see Pinbne. 
Another terpene of great interest and imjiortance is 
lAmonene., which contains an asymmetric carbon 
atom, and is known in its dextro, lano, and racemic 
forms; the racemic form is c-alled JJifWTvtene. Ibis 
terpene has j-ecenlly been synthesised by I’rofessor 
I’erkin, and it is the first direct synthesis of a terpene 
which has ever been made. Ethyl /3-i(jdopropionate 
and ethyl sodiiimcyanacctatc (from sodium ethoxide 
and ethyl cyanacctate) react ut the ordinary tempera- 


ture to form ethyl 7 >cyaaopcntanc>a 7 €«tricarbox 7 > 
laic, 

CNT 

20H, Na + 2ICn,. CH,. COOEt = 

COOEt 


CM a 

.yC/CU„.CIE. COOEt 
I Sen,.CH,'.COOEt 
(’OOEt * 


cn.,cN 

+ 1 + 2NaI. 

COOEt 


This ester is hydrolysed with hydrochloric acid, and 
the resulting acid heated with acetic anhydride; 


COOH 

I /CII...CH„.C00T1 
I V'U;. CH'„. COOH 

coon 


cn, CH, 


nc( \co + 2 C 0 , + 

\_/ H,0 

I CH.CH, 

COOH 

i-ketoliezahydiobenzoic ticid. 


The ethyl ester of this acid yicld-s on treatment with 
magnesium inctliyl iodide in ctlier, and hydrolysis of 
the product 5-hydroxyhcxahydroparatoluic acid: 


CH, CH, CH., CH, 

Hc/ \c 
I \_/ 

I ciijCii,. 1 cn.cn, 

COOH ■ 00011 


/OMgl 

NCII. 




on 

CH, 


On solution of the hietonc of this acid in fuming 
hydrobromic acid, the hydroxy group is replaced 
by bromine giving S-bromhexaliydropuratoluic acid, 
from which pyridine removes hydrogen bromide, 
giving A* — tetrahydroparatoluio acid; 

CH., CH, 

nC' ; a. CH,. 

I < iTT CH 

COOH 


The etliyl ester of this acid with inagne.sium methyl 
iodide in ether yields an addition ])rodnet which is 
dfcomiiOHCil by walt-v with formation of inactive 
TEHPINISOL: 

CH, CH, 


HC 


y 




\ 


C. CH, 


CH., CH 


IMgOv I 

>C. otaij 

CH,/ ■' 


MgCil,! 


CIJ., CH, 


c/' 


HC( ;c.cii. 


CH, CH, 

lie/ Vl.CII 

I 

I CH., CH 
JMgO-C 

/\ 

CH, CH, 

U'erpmcol, 

Teipineol when healed for an hour with potassium 
hydrogen sulphate yields diix:ntene by loss of water: 

CH, CH., 


HO-0 

/\ 

CH, CH, 


CH,'\ 


CH, 


/ C - iic(^ 


OH 




CH, CH 
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cn,N^ 

CH,^ 


C - HC 


CH, CH, 
CHj CH 


Dipehtekb is a colourless liquid ; boils at 180°; has 
a smell ol lemons; soluble in ether, aluohol, benzene, 
acetic acid; it occurs in a number of essential oils, 
e.g. cubebs, thyme, worm seed; and as it is formed 
from some other terpencs (camphene, pinene, and 
the limonenes at 260 to 300*) at a high temperature, 
it occurs in those turpentines which are distilled at 
a high temperature, namelj', Eussian and Swedish. 
It is formed by the union of equal quantities of 
A- and Wimonenc, and from terpincol as described 
above ; and along with other products from pinene 
by boiling with alcoholic sulphuric acid. To obtain 
pure dipentenc its dihydrochloridc is boiled with 
acetic acid aiifl sodium sicctate, the product distilled 
in steam, and the dipentenc further purified by 
boiling with caustic potash, again distilling in steam, 
and franti<mally distilling the dipeulc.ne. Dipentenc 
adds four atoms of bromine directly to its molecule; 
it adds two molecules of hydrogen chloride, 't 
hydrogen bromide. The tlihydrobromidc is known 
in two forms, <*/*■ ami Iran*. DijK’iitcnc dihydro- 
bromide is also formed by the addition of hydrogen 
bromiJle to litnonene, cineol, and terpin. Dipentenc 
also adds nitrosyl chloride molecule for molecule : 


CII, 

([’.01 

II .cr'^cii. 


11.,c 


CH., 

CII 

^^^l 


(Tl., CTT, 
Dihydioclilxnilu. 



, . \ 

('•n., on,, 

Xitrosy] cbJurido a>nii>ound. 


In the ease of the listonenks hydrogen chloride is 
added iu two stages, llie finst molecule being added 
on when dry bjdrogcn chloride is u,sed, and the 
second when moist hydrogen chloride is used; as 
the first jiroduct is optically active, the addition 
must ocfair at the side cfiain. As regards the 
limonenes, the nitrosyl chloride compounds are 
active, and each limonenc j iclds two slereo- 
ifiomcric nitrosjl chloride.! ; since these are all 
active, addition” must occur in the ring. When the 
nitrosyl chlorides arc treated with alcoholic potash 

they yield the carvoximes |d-. 1-, and (d + l)j- 

comj>oimd.s, which arc formed from carvoue i)y the 
action of hydroxylaminc: 


CII, 


t!. Cl 

. NO 




CH, 
CH 
1 

C 

CI[„ Gil, 


CII, 


'''|C: NOII 


IT,C 




CII 

i 

C 

CII,, CH, 

Corvozime. 



HC 






CO 

CH, 


CH 


C 

CU, CH, 

Carvoue. 


- > 

Heated 
with KOH 



0 


cn, CH, 

Carvaorol <9.v.) 


As dipentenc contains an asymmetric carbon atom, 
and is optically inactive, it should be composed of 
two oppositely active constituents; these constituents 
.are the dextro and lajvo limonenes. The limonenes 
occur in nmny essential oils (jtee above), and wheri 
mixed in equal quantities they yield dipentene. The 
remaining ring terpenes cannot be described here. 
Of the ojien chain, or olofinic terpenes, none has had 
it.s constitution settled l)eyond all doubt. As an 
example of this cla.^s of terpene Myrccne may bo 
rnentiiined, which occurs iu bay oil; as it passes into 
limilool f/y.r.) by addition of the elements of water 
it has most probably the constitution 


"‘■\o 

CH,X 


CH-C11.,-CII„-C-CII=CH, 

CH, 


or 


CH,\ 

C - CH., - CII.. - CH, - C - CH=CH, 
OH.// ' ' 11 

• ■ CH, 


A few important, derivatives of the terpenes aro 
appended. Citral, 

Cll.'' 

“ C: CII. CH... CH,, C: CII. CIIO 
CII,/- ■ CH, • 

is a colourless oily liquid, boils at 228“ to 230°, and 
smells of lemons. Heated with acid potassium 
sulphate it yield.s paracymene; boiled with caustic 
it yields mctliyl heptenone, 

CH 

>C; CH. CH... CH... CO . CH,; 

cii,X 

reduced by sodium and alcohol it yields the corre¬ 
sponding alcohol geraniol. It unites with acid 
sodium sulphite. Citral is known in twb stereo- 
isomeric forms. IVilh acetone in presence of alkali, 
citral condenses (sliakcn for .several days with 
baryta water) to jtseudo-ionone : 


CH,\^ 


C:CH.CII,.CH...C = CII. CII 


CH, 


iic.oo.cn. 


This com|)ound is known in two stereoisomerio 
forms. When pseudo-ionone is heated for some 
hours with dilute sulphuric acid and glycerine, Ifc 
forro.s lonone, wliich is a liquid boUing at 128® 
under a pressure of 12* mm. mercury, and In dilute 
alcoholic solution smells of violets and vine- 
blossom—hence it is largely used as a perfume. 
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lonune is a mixture of two stereoisomers; its 
I'ormulu is— 

CII, CPI, 

C 

lIjCr-^CH. Cll : cn . CO. CH, 

H,ck^O. CH, 

CII 

The natural perfume of violets is due to a compound 
called irotie, isomeric with ionone : 

CH, Oil, 


occurs In oil of geranium and in otto of roses; it 
is an oil which smells of roses and geraniums; boils 
at 22^^ and is optically inactive. It is the alcohol 
corresponding to citral, which it yields on careful 
oxidation; it unites with calcium chloride; heated 
with water at 200° it is in part rearranged to linalool 
Ctf.P.); dilute sulphuric acid converts it to terpineol. 
Terpin is a dihydrio alcohol, and is known in the 
cis- and trans-forms (jiee StkhboisomkdISM'^ : 


Cll, ^ , CH,-GH, x, 


/C ^ . f'H, 

tTI,-ClI,X \C.P-OII 
\CH, 


M.P, lOt' 


. cn: CTI. CO. CII, 


110'-.^ ,/CTI, CII, 

OI, 

Citrmellol, ahso culled llhudinol, 

CI1,\ 

C; CH . CH,. CH,. (T1. CH,. CU,OH 
CH,/ CH, ■ 

is> one of the principal constituents of otto of roses; 
it is an oil smelling strongly of roses, boils at 117° 
under 17 mm. pressure, and is Isevorotatory. Tlie 
inactive fonn has recently been synthesised, so that 
its constitution is now quite certain : Sodium ethyl 
acetoacetate and ethylene dibromide give 

CH, 


CH.CH„.CH.,Br 

COf)Et 

which on saponificatiou with caustic ]mta.sb yield,s 
<;ll,OO.CH,.Cn,.CH,OH. IVith hydriodic acid 
this alcohol gives its iodide, which is condensed witli 
acetone and zinc to methyl heptenone, 

rH,.CO.CH.,.CH,.(Tl„I f Zn + CO(t IT,'), = 

cil, 

ZnlOll + CH,. CO . CTI, CH... CH : C 

CII, 

This ketone gives the ethyl ester of gcranic acid 
when condensed with zinc and ethyl iodacc-tatc 

C1I,\ 

; C; CTI. CH,. C: CH, + Zn + K Tl.,. COOEt = 

CH, on 

(Tautoiueric lorm.) 


ZcOHI+ 


C; CH . CII, CTI,. C. CTI, 


CH. COOEt 

This ester reduced by sodium and alcohol to 
the ethyl ester of citroncllic acid, then to inactive 
rhodinol. It is used in perfumery ; thu.s an artificial 
otto of roses is made (jatented) us follows; 80 
parts geraniol, 10 yiarts rhodinol, 1 part phenyletbyl 
alcohol, 2 parts linalool, 0-25 parts citral, and 0-5 parts 
octyl aldehyde. Geraniol, 

C1I.\ 

>G: CH . CTI,. cn,. C : CTI. CH,On 

yi¥T * • . * 


rii,\ .''CTL-fin.x OH 

HO..' - CT1,-Cn, \11 

Trans-turni M.P. 2(54'’. 

They are both wliite crystalline solids obtained from 
the corresponding cis- and Irans- limonenedihydro- 
broinides by converting them into aO(*tatcs by means 
of silver acetate and saponifying the esters with alco- 
liolic potash. Tliey (san be reconverted by slinking 
with liyilrobroraic acid. I)eh>dniting agents readily 
convert them into dipentene. The cis-tcq»lii readily 
takes up a molecular proportion of water forming 
Terpin hydrate, which is a well crystallising solid; 
melts at 120° when rapidly heated, giving olf steam, 
and passing into terpin again. 'J'be halogim acids 
give the cis- and tran.s-dipenlcncdihalogen acid addi¬ 
tion product.^. Boiled with dilute acids it yicld.s 
terpineol and other products. It is formed from 
turpentine by the action of dilate nitric acid and 
alcohol, from the diliydrochlorides of dipentene and 
d-liraonenc by the action of water, and from linalool 
{q.v.), geraniol, and terpineol by the action of dilute 
acids. Terpineol, 


CII,.C< 


-'CH, 
/CH. C; : -OH 
cn. 


is a white cry.sCillino si/lid which melts at "*u°, but 
.sliowB to a rtanarkahle degree the property known as 
sui>erfn.sion, so tliat it is ('ommonlv met with as a 
liquid; boils at 215° to 218° 135° at 60 mm.); 

it ha.s a pleasant .omeli of lilac. It forms a nilroso- 
<-hl(U'jde; also a pbenyluretlanc with phenyl iso- 


-'NIK'II, 


emanate, which melts at 113°. CO'.^ * ^ When 

shakem during three days with benzene and 5 per 
cent, sulpliuric acid, it jmsses into terpin hydrate. 
Distilled with acid ji itassium sulphate (tee ahoiv) it 
gives dipentene. On oxidation with chromic acid it 
yields a ketoluctone of tiic formula— 

CO. CII. 


1I,C/ ^COO 
H,ck^-'0II, 


(UH.), 
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'whicb on further oxidation with potassium perman* 
ganate yields acetic and terpenylic acids— 


OH 
(ioOH 


and 


HOOO COO 



CH 



(CH,), 

Terpineol has been synthesised above). It is 
obtained by allowing French turpentine to stand for 
twelve hours with *6 parts concentrated sulphuric acid 
and 1‘5 parts of 90 per cent, alcohol; or by heating 
terpin hydrate with 1 per cent, sulphuric acid, then 
cryst^lising and purifying by fractional distillation. 
Terpineol is largely used as a perfume, alone as in 
scenting soap, or mixed with other perfumes. 

Terra Alba (^Dec.) This is ])owdered gypsum 
(tf.r.) The mineral is prci>arod merely by grinding. 
It answers better as a water colour than with oil, as it 
has more body with water than with the latter vehicle. 
It is a very pure white, except when tinged yellow by 
iron. It can, however, be purified from iron by treat¬ 
ment with dilute hydrochloric acid. It is absolutely 
permanent to ligh*: and air and chemical action, being 
as permanent as barytes itself. In spite of its cheap¬ 
ness, its want of body (,q,v.) is a great bar to its use. 
Paper makers and stainers are probably the largest 
users of it. In use with paper, body is not of very 
great importance, and gypsum combines the advan- 
Uigcs of permanence, cheapness, and miscibility with 
all other pigments. Moreover, its cheapness secures 
it from adulteration, but it would be oven cheai er 
were not large quantities of gypsum used for the 
manufacture of plaster of Paris. This substance ca.n 
also be u.sed as an oil paint (it sets hard with water), 
but is inferior to the unburnt gypsum. 

Terracotta. A liard irnttcrr, generally unglazed, 
composed of fine cla}', fine grained sand, crushed 
[lOttel^, or other similar materials. The colour 
varies with the materials used, but terracotta is 
sometimes specially coloured. Used as a building 
material and for small works of art, c.y. statuettes. 
('f. TANAGHA FlOCmUBB. 


Terra di Sienna {Paint.) A ferruginous earth of 
a fine yellow colour, used as a pigment in oil and 
water colour painting. It is known respectively as 
raw or burnt sienna Iq.v.) 

Terra Nera {Paint), An imctnons black pigment 
ui^ed by ancient artists in tempera, fresco, and oil 
luiinting. 

Terreetrial Equator {Aetron.) See Equatob, 
TKBBBaTBIAL. 

Terrestrial Magnetism {Elect.) The phenomena 
arising from the magnetic properties of the earth. 
See Dir, Declikaxion, Magnetic Elements, etc. 

Terrestrial Radiation {Meteorul.) The escape of 
heat from the earth's surface into the atmosphere. 


Tene Yerte, Terra Yerde {Paint.) Genuine 
terre verte is essentially a silicate of iron and 
magnesia, found native in many places. It occurs 
in the Mendip Hills, and two other important 
localities are Cyprus and I'^erona, whence the name 
Verona Barth. The pigment requires no preparation 
beyond grinding. It varies much in hue according 
to the locality from which it was obtained, but there 
is always a bluish grey tinge about it. It is abso¬ 
lutely permanent in air, and, curiously enough. 


resists sulphurous fumes perfectly, in spite of the 
fact that it contains iron. It can be mixed with 
other pip^ment and can be used either as a water or 
as an ou colour. It has vpry little body, and oeon* 
pies an intermediate place between the body colours 
and the glazing colours. Copper greens arc some¬ 
times fraudulently sold as terre verte, but this is at 
once detected if the substance is exposed to the 
action of sulphuretted hydrogen, which has no 
effect on genuine terie verte, but blackens copper 
greens. Dilute acids again have little action on terre 
verte, but dissolve copper greens, forming a solution 
which is tamed blue by ammonia. 

Tertiary {Geol.) The Tebtiabx Bocks .embrace* 
those strata newer tlian the Bbcondabies {i.e, the 
C.'halk), but older than the most recent formaftons, 
e.g. the Glacial deposits. See Stbata, Table or {in 
Aj}pendix). 

Tertiary Alcohola {Cliem.) Alcohols of the 

formula llj —yC . OH, where B„ K,, B, aie mono- 

IV^ 

valent hydrocarbon residues which may be the same 
or different. Examples: 


. OH 

chIX 

Tritnetbyl carbiuol. 


CH,\ 
CIL-^C. OH 

Oinistbyletbrl carbinol. 


They arc liquids with a smell resembling that of 
camphor; they lose water somewhat readily on heating, 
forming olefines, e.g. (CHj)j,COH gives (On,),G: CH^ 
On oxidation they yield acids containing a smaller 
number of carbon atoms than the original alcohol; 
thns trimetbylcarbinol yields acetic acid, but also 
acetoife and a little isobutyric acid (CH,)^CH.COOH. 
Their nitro-derivatives are distinguished from those 
of primary and secondary alcohols by being unacted 
upon by nitrous add. They are obtain^ by the 
action of zinc alkyls on acid chlorides; or by absorb¬ 
ing suitable olefines in sulphuric acid and distilling 
the product with water; e.g. 


('H, 




CH. 


>Cn.CH,OIl Heated 
CH,.^" ‘ with H,SO, CH^ 

Isobntyl alcobol. 

^ (Tig 


H.,0 


>C: CII, with 

n.,B0g 

-'OH 


CH, 


■\CH, 


>CHSO,. CII, 

CH,,/ 

Tertiary Amines {Chem.) (Jorapounds in which 
an atom of nitrogen is unit^ to three hydrocarbon 
radicals. Example: Trimethylaminc {g.v.) 

Tertiary Bases {Chem.) Compounds of the 


B,\ 

formula lb. or 

k;/ - Cf- 


N where B,. Ejp 


B, are radicals united to the nitrogen atom by carbon 

i 

==C\ 

and >N is part of a ring. Examples; 

-0,/ 

CH,\ 

Trimetbylamine CH.-^N 
CH,. 

CH—CH\ 

Pyridine HC/ 

\CH- CBf 
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All tertiary bnscR add alkyl iodides, directly forming 
quaternary amuioniiim iodides, eg. 

Tertiary Colours (Paint,') See Colotjbs, 
Tbhtiaby. 

Tertiary Hydrocarbons (Chem.) Hydrocarbons 
which contain one or more carbon atoms united to 
four other carbon atoms— eg. Hcxamethylmcthane. 


Cn, — C-C — CH,. See also PAEAFPiKa 

CII, 

Tesla Coil (JKIert.) A name applied to an induc¬ 
tion coil for producing currents of very high potential 
and frequency. The primary coil consists of a few 
turns of thick wire, without any iron cure; through 
this coil pass the rapidly oscillating currents i)ro- 
duced by the discharge across an air-gap of a Leyden 
jar or other condenser, which is itself charged by 
means of an induction coil of the ordinary type, or 
by a transformer which is wound so as to give a 
secondary current of ^ery high voltage. An oscilla¬ 
tory discharge (y.i’.) occurs through the primary of 
the Tesla coil, and tills induces n .secondary eum'ut 
of exceedingly high voltage and frequency in the 
secondary winding, wliich consists usually of one 
layer of fine wire, wound on an insulating cylindrical 
support. In some cases both coils arc immersed in a 
bath of oil, the app.aratus being then often termed 
an Oil Coil ; but in most modern forms air insula¬ 
tion is found to be sufficient. 

Tesaelated Pairemont (Dec.) A floor formed of 
small coloured tiles laid iu geometrical patterns. Cf. 
Mosaio. 

Test (Chem,, Phyt., etc.) (1) An ex))eriffiuntal 
operation undertaken to ascertain the nature, 
condition, strength, or other properties of a given 
substance, apjiaratu-, stru' tnrc, etc, (2) A reagent 
or substance used in making such a tost. 

- (Eng.) An operation carried out in order 

to ascertain the strength, quality, or other properties 
of some material, structure, or machine. 

- (Zool.) The hard external or rigid parts of 

an organism. 

Testa (Botany), The term applied to the coal of 
a seed. When an inner seed coat is present it is termed 
the endopleura or tegmen. Tlic testa may become 
bard and woody, as in the so-called llrazil nut. The 
“ husk ” of the sunflower and similar •* seeds ” is the 
fruit wall, nut the testa. 

Test Bars (Eng.) Bars of metal, etc., suitably 
shaped for testing in a testing machine or otherw'isc. 
Test bars are often made of the same material ns 
that employed in the execution of an order, so that 
the quality of the material used can be accurately 
determined ; the conditions to be satisfied are fre¬ 
quently laid down in the .specification. 

Test Cooks (Eng.) Small cocks in a sieam boiler, 
one being fixed above, the other below*, tlie water 
line, in order to indicate the level of tlie water inside. 

Tasting Machine (Eng.) A machine by means of 
which a known stress of large amount can be applied 
to a suitable piece of material, in order to measure 
its elastic constants or its breaking strength. The 
form of testing machine most commonly met with is 
one by which a tensile or comi)ressive stress is ajtplicd 
to a rod or bar. One end of tlie bar is firmly gripi^ed 
by strong jaws altac.hed to the ram of a hydraulic 
press: the other ciid is similarly connected to the 


shorter arm of a lever. The longer arm of this lever 
carries a weight which can be moved along ttm arm 
till the pull exerted on the bar is counterbalanced and 
the lever brought into a position' of equilibrium. The 
lover is graduated after the manner of a steelyard, 
so that by observing the position of the weight at any 
instant the amount of the force acting on the bar can 
be read off, Tho extension produced in the bar is 
measured by various methods—a reading microscope 
or cathetometer, a purely mechanical device, or some 
combination of optical and mechanical apparatus, 
such as the Extensometer of Ewing. Itcconling 
apparatus is sometimes constructed so as to trace 
automatically a curve on paper showing tho relation 
of the stress and strain in the bar throughout the 
experiment. Testing machines arc also constructed 
for applying and measuring transverse, torsional, or 
compressi\ o stresses. 

Testing of Drains. Sre under Sanitation. 

Test Specimens (Eng.) See Test Bars. 

Tetartohedrism (.Vin.) The posse.ssiou by a 
crystal of only one-fourth of the number of faces 
which are reqidred by the symmetry of the system to 
which the crystal belongs. See also brsTEMS op 
C'llVSTALS. 

Tetrachord (J/nsic). A series of four sounds; 
the half diviMou of modern scales. See SCALE a}id 
Tkmpeuament, 

Tetradymite (Min.) A mineral allied to Bis- 
MimiiNU (y.r.) It is a sulphide of lead, but contains 
in addition some tellurium. 

Tetragonal (Min.) See Systems of Ckystals. 

Tetrahedrite or Fahlerz (Min.) A sulphide of 
coi)per and antimony, with other metals ; tiopiwr 
3ST), sulphur 2lVo, antimony lU-S, arseni*' 7'2, with 
iron, ziiiC. and silver. The latter mineral may be 
prc.sent in considerable quantity (e.y .‘10 per cent.), 
and the mineral is then termed Silver Faiilkhz or 
Abgentipebovs Obey Oopj'EE Obb. Cubic System, 
also ma.ssive. Colour grey to black. Cornwall, Uei'on, 
Scotland, Central EurojM?, N. America. It is an 
important ore of Coppjjr, and also of Silver. 

Tetrahedron. A pyramid having a triangular 
bas'o. 

Tetrastyle (Archifeef, i A term applied to a 
temple whiih has four columns in the front row. 
See DiSTYLB, DEtVVSTYLB, IIea'astyle, Octastyle. 

Tetratomic Molecules (Chem.) A term apjjliod to 
cletiicnts Ixaving molecules coiuijoscd of four atoms. 
Such clcmetits are jdawpliorus and arsenic at a tem¬ 
perature of about 1,000''. See also Muleculb. 

Tetravalent Element or Croup (Chem.) See 

Valency, 

Tetronal (f^7tm.) (Propiunc diethyl suiphone, or 
diethyl sulphone diethyl methane.) A white ery.stal- 
line solid ; melts at So^'. It is x>reparcd and acts like 
sulphonal (q.v.) 

Th (Chem.) Tho symbol for Thorium (q.v.) 

Thalassic Deposits ( (teol.) See Deep 8ea 
Deposits. 

ThalUum (Chcni.), Tl. Atomic weight, 204. A 
rather rare white metal; melts at 2i>4"; boils about 
IfiOt)’. Its vapour density at 1725“ sliows it to have 
a diatomic molecule, but the lowering of the vapour 
pressure in mercury solution points to its having a 
monatomic molecule when in solution in mercury. 
Its specific gravity is near that of lead, being 11‘U. 
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In air it is easily oxidised to the monoxide Tl^O. It 
dissolves readily in sulphuric and nitric acids, dilate 
or strong: less readily in liydcochloric acid owing to 
the low solubility of its chloride (0-26B in 100 at 16°) 
in water. On solution in these acids it forms thal- 
lous salts. The metal was discovered, and is readily 
detected, by its flame spectrum—a single bright 
green line. > Thallium occurs in small amount in 
some kinds of iron and coffer pyrites, in a Swedish 
mineral called crookesite, and in a number of mineral 
springs. One method of obtaining thallium is to boil 
the flue dust from pyrites which containsthallium.with 
water, and precipitate the clear solution with common 
salt; the crude thollous chloride so precipitated is 
washed with common salt solution; transformed 
into sulphate and again preciinlatctl with common 
salt—^this removes arsenic; about 30 to 60 grams of 
pure chloride are obtained from 3,000 grams of dust. 
The chloride is converted into the acid sulphate by 
heating with sulphuric acid, dissolved in water, and 
the solution electroly.scd, using a platinum anode 
and a copijcr cathode : the metal seijaratcs in large 
shining leaves and needles; it is quickly washed and 
may bo melted under potassium cyanide. The jjosi- 
tion of this element in the I’eriodic Hyatcm (^Group 
riJ., Series 11) scarcely gives a c-orrect idea of its 
chemical relation«bi])s. The tlialloiis salts liavc for- 
muhe corresponding to tbo.so cif the alk^i metals 
(K ; Xa). The oxide TljG, which is black, dissolves 
in nater forming a hjdioxide TKUT, which is also 
solid)lc in water, with .strong alkaline reaction and 
the property of absorbing caEbon dioxide to form the 
soluble carbonate Tl.C'Oj. The chloride TICI ery.stal- 
lises in cubes like common salt, but is sparingly 
soluble in water like lead chloride; yet, like potas¬ 
sium chloride, it forms an extremely sparingly 
soluble xilatinum double chloride, Tl^l’tOlg. The 
liromide Q>alo yellow) and the iodide (bright yellow) 
are much less soluble than the chloride. The sul¬ 
phate is isomorphous with potassium sulphate, but 
less soluble in water, and it forms sulphatos of the 
typerfl']„st^^MSO,611.0 wdiere M = Fe, Mg, or Ni, and 
also alums ; its sulphide is black, insoluble in water, 
but soluble in acids. Like aluminium, which occurs 
in the same grou]>, it forms an oxide, thallic oxide, 
TljOj, which is obtained by burning the metal in 
oxygen ; but it i.s a brownish black solid, and quite 
unlike aluminium in that it behaves as a pretty 
ty])ical peroxide. iJcrived from this oxide are a few 
unstable salts of the same'type us the aluminium 
salts, but far more readily hydroly.scd by water, and 
the thallic sulphate Tlj(SU,)j does not appear to form 
alums. 

Thallophyta iJiotimjj). A subdivision of the 
riant kingdom comprising the ]»lants lower than 
mosses and liverworts - namely, the Algasaml Fungi. 
They are characterised by having a simple plant body 
or tballus. 

Thallas {Botany'). A term applied to the simple 
plant body of the Algaj and Fungi. Usually there 
is but little scjiaration into root, stem, and leaf. A 
tballus may be lilanicntous or membranous, uni¬ 
cellular or multicellular. 

Thebaine ((7//«»i.) C’jll; ,NOj,. An alkaloid occur¬ 
ring to the extent of about 0*15 jier ocjit. in opium. 
It is a white cry.stalline solid; melts at 19:1°; neurly 
insoluble in water, soluble in alcohol; Iscvorotatory. 
Its constitution is not settled, but it is a tertimy 
base. It contaius two methoxy groups and a reduced 
phcnanthrenc ring. It pi’oduces convulsions when 
administered to animals. 


Theiiie(67im.) Another name for Oaffbiku {y.v.) 

Theme {Mnne). The principal subject of amusical 
composition. 

Thenavd’s Bine {Dec.) This is a cobalt pigment 
containing alumina. Thenard originally prepared it 
from Swedish cobalt oro, but it i.s now usually made 
by precipitating mixed solution of a cobalt salt 
(usually tbe nitrate or the sulphate) and alum with 
carbonate of soda. The filtrate is filtered off, washed, 
dried, and ignited at a red heat. It is hardly possible 
to use loo high a temperature, and the fiCTcer the heat 
the greater will bo the resistance of the pigment 
to external influences. Cobaltous sulphate, ignited 
when mixed dry with ammonia alum, also gives 
Tbonard’s blue, but yirolonged ignition is necessary. 
Tn all cases the alum must be free from iron, a very 
common impurity, or the purity of the blue will be 
spoiled by the presence of brownish riid sesqui-oxide 
of iron. Various other processes Imve been employed 
for making this blue. Binder precipitated hydrate 
of alumina with potash and chloride of cobalt with 
ammonia in separate vessels and mixed the precipi¬ 
tates in suspension in water after they had been 
thoroughly wa.shed and dried, and ignited the mixture. 
The shade of tlio pigment varies with the proimrtions 
of tlie two metals present. A rough average is pro¬ 
bably JiO per cent, of alumina and 16 per cent, of 
cobaltous oxide. According to Bouillai Marillai, a 
very* ricli and velvety bine is obtained by substituting 
idiospluitc of lime for alumina. Tbe pho-spliate of 
lime and cobalt oxide are precipitated separately 
according to Binder’s principle, and then mixed. 
An equally good result can, however, be obtained by 
making a paste of freshly precipitated alumina vi ith 
a strong solution of cobalt chloride, drying the paste, 
and Mie:; grinding the dry mass to a fine iwwdor, and 
heating it to a white heat for an hour. This last 
process entirely obviates the red tint which is often 
the great drawback of Thenard’s blue. It must be 
remembered that whenever Thonard's blue is made 
by ignition it must be completely shiolderl from the 
combustion gast‘s by heating it in crucibles with 
tightly luted lids. If the pigment has been exposed 
tn the gases its colour is always dull and uncertain. 
Thenard's blue is quite unchanged by exposure to 
air and light, and few chemicals have any action 
upon it. It can be u.<-cd either as an oil or a.s a water 
colour, and can be mixed with any other pigment 
whatsoever. 


Theobromine {C'hmi.) (Dimethylxantbine, 3:7- 
dimcthyl-G-oxy-pnrine), 

HN-CO 


1 

oc 

I 

UN 


I 

C.N. CH, 

II '^Oll 

•V- 


A micro-crystalline solid; sublimes without decom¬ 
position when carefully heated at 290° to 296°; 
slightly soluble in water; only sparingly soluble in 
alcohol, ether, chlorofoini. Beliav«‘s looth as a feeble 
base and acid. On o.xidatiou with chromic acid it 
gives mothylmrabanic acid. 

00-N • CH, 

I > t-’o 

OC-Nil 

Chloj'ine water oxidises it to methyl alloxan, 

HN-1!0 

I I ■ 

OC CO 

I 1 

HjC.C-CO 
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It fields a crystaHine nivcr salt when its boiling 
aiumunia solution is precipitated with silver nitrate, 
and this silver salt when heated with methyl iodide 
gives caffeine (y.e.) The physiological action of 
theobromine is similar to but stronger than that of 
caffeine. It occura to the extent of | to 2 per cent, 
in cocoa beans, and is prepared from them by finely 
powdering, extracting by iMiling water, precipitating 
with lead acetate, and freeing me clear filtrate from 
excess of load by sulphuretted hydrogen. On evapo¬ 
rating the clear filtrate to dryness and extracting 
with boiling alcohol a solution is obtained which 
deposits theobromine on cooling. Theobromine is 
used to a small extent in medicine, and the salicylate 
of its sodium salt is also used under the name 
Dinrctin. Theobromine is synthesised from xanthine 
(^.r.) by heating its lead salt with methyl iodide at 
100®. See also Poeines. 

Theodolite {Stireeuiug'). The principal instrument 
used in surveying. It consists essentially of a small 
telescope, mounti^'on a suitable stand, and cajiable 
of rotation about both its horizontal aud vertical 
axes. It is fitted with graduated scales for the 
accurate determiimtion of tlie amount of angular 
movement in either piano, and with screws for the 
levelling of the instrument. Sec Suhvetixg. 

Theorem of Three Moments (.Eng-') See Tiibee 
Moments, Theobem of. 

Thermal CondactiYitjr This is defined 

us follows : Let there be a plate of any material of 
urea A and uniform thickness d ; let the sides be 
maintained at temperatures t, and fand let H units 
of heat pass through the plate in T seconds. Then 
if k be the thermal conductivity of the material, 

H- /fe ~ « 

d 

From this equation it appears that the thermal con¬ 
ductivity is the quantity of heat which passes in unit 
time through unit area of a plate of unit thickness, 
when unit difference of temperature is maintained 
between its two sides. 

Thermal Efflciency of an Engine (Heat). See 

Pebfbct Engine. 

Thermal Unit (Heat). The unit iu which heat is 
measured is the quantity of heat necessary to raise 
unit mass of water, through unit rise of tcm]>eratnre. 
The unit of mass is usually the pound or gram, the 
tinit rise of temperature is 1° Fahrenheit or 1® (’enti- 
gra<le. This definition is sufficiently exact for most 
purposes, but the actual value varies with the initial 
temperature. This fact may be otherwise expressed 
by saying that the Specific Heat of water is not quite 
consent. See also Calokie. 

Thermal Value The amount of heat obtained 
by the complete combustion of a given quantity of 
some fuel. 

Thermite (Chem.) The mixture of .aluminium 
powder and ferric oxide used in Goldschmidt’s 
process (q.v,') 

Thermo-Chemistry. That branch of chemistry 
which deals with the measurement of the heat 
e\olved or absorbed in reactions, and which applies 
the results of such measurements to the solution of 
various chemical problems, such as the determina¬ 
tion of constitution, etc. The measurements of bout 
can be made cither in terms of the units of heat or 
work, viz .; 

The small udorie = tlie beat required to raise one 
gram of water through 1® C. at 18® C.—denoted 
by cal. 


The large calorie 1000 small calories—denoted 
by Cal. 

The erg = 2-391 x 10-* cal. 

The joule =. 10^ ergs = 0*2.391 eal.—denoted by j. 

The kilojoule = 1000 j = 239*1 cal,—denoted by Kj. 

[1 cal = 4*183 X 10’’ ergs = J.] 

The quantities of substances used in the experiments 
may bo any that ai-e convenient, but the results 
should be referred to the gram molecule. Thus 
when hydrogen bums in chlorine to form hydrogen 
chloride, the heat evolved in the formation of 
36-5 grams of hydrogen obloiide is now the usual 
way of expressing the result: it is equal to 
22,000 cal, or 92 Kj. In practice, only reactions 
which proceed quickly can bo investigated, suc-li as 
those between acids and bases, combustions, and the 
like. The apparatus employed for reaction of the 
first kind may bo au ordinary calorimeter; for 
reactions of the second kind a “ bomb " apjuiratus 
devised by Berthelot and Vicille is used; it con¬ 
sists of a strong steel vessel coated inside with 
platinum and provided with a rod which supports 
a x^latinnm dish (in which a known weight of the 
substance is placed), and also serves as a support for 
one end of a small iron spiral pf known weight, the 
other end of which is supported by a second rod; 
both rods arc altuclied to wires which pass to the 
outside. The vcasol is pnjvided also with a screw 
valve, so that compressed oxygen can be introduced 
(25 atmospheres or more). A vessel containing a 
known quantity of water surrounds the combustion 
chamber, the temperature of the water being regis¬ 
tered by a thermometer which will allow at least 
5 iff of a degree to l>e read; surrounding the water 
chamber is a vessel containing dry air, and highly 
polished inside. Solids or non-volatile liquids may be 
])laced directly in the platinum dish; volatile liquids 
are ]>nt in collodion balloons; substances which can¬ 
not be igiiited in this way are mixed with a known 
weight of a substance sucli as naphthtdene. AVhen 
the current is passed, the iron spiral is fusec^and 
Ignited, and the drops of burning iron ignite the sub¬ 
stance. Tlie water equivalei'.t of the bomb must l>e 
known, and of course tbe hesit of combustion of the 
iron spiral and any ad-led substance must be deducted 
from the result. Wlicn the heat evolved in a reaction 
cannot be measured directly, or when it is desired to 
obtain the liuat of formation (tj.v.) of a compound 
which is not formed by tlie direct union of its 
elements, iudirect metliods are employed. These 
indirect metliods are based on wliat is known as the 
I.iaw of Constant Heat Summation (see this for 
an example given in full). An enormous amount 
of thermochemical data has been accumulated, but 
little use is made of it in pure chemistry. Iu applied 
science the thcsrmo-chemistry of fuel is of great im- 
pftrtancc; in physiology the heat value of food is of 
some imfiortance, fur practically all the beat of the 
body is due to chemical changes occurring in it. 
A few cx.'implcH of results in pure chemistry are 
appended; 

(1) 2A1 +30 ^Al^Oj +754 Cal. 

C +0., -CO, +93-6 Cal. 

4Na+ ().' ==2Ka,0 +2 x 100 Cal 
4Fc + 30, = 2Fo,0, + 2x19-6 Cal. 

Hence it may be inferred that alaminiom oxide will 
not he rcduc^ to the metal by heating it with carbon 
or with sodium, but that if aluminium were heated 
with fei-ric oxide or with sodium oxide it would be 
capable of reducing them to the metal The Gold¬ 
schmidt process (q.v.) is an application of a knowledge 
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of the high heat of forioatioQ of alominiam oxide to a 
uscfal jinrpose. 

(2) H,+l,=2ni~3x 60-6 Cal. 

H.j + I, + aq=!2HI aq + 2 x 13 Cal. 

Thus it will be seen that hydrogen iodide ia formed 
from hydrogen and solid iodine, with considerable 
absorption of heat. When the gas is dissolved in 
water, heat is evolved nntil the solution attains a 
specific ^avity of 1-56 (about 60 per cent. HI), 
after_ which no more heat is evolved, although a 
solution of sp. gr. 1'7 (about 68 per cent.) can be 
obtained. It has been suggested that the reducing 
action of concentrated bydriodic acid is due to this 
8 per cent, or so of the endothermic hydrogen iodide, 
which evolves no heat on solution. 

(.3) The heats of formation of the halogen com- 
ymunds of the dements are periodic functions of 
the alomic weights of the elements. 

(4) In organic chemistry there is a fairly constant 
incre^ in the heat of formation for an increment of 
CHj in homologous series. Heats of neutralisation 
of isomeric bases are occasionally of use in deter¬ 
mining constitution ; thus the heat of neutralisation 
with hydrochloric acid for 


Aniline is , . .74 Kj. 

0 -chloraniline is . 03 „ 

«i-chloraiiilinc is . GO „ 

^-cliloraniliuc is . 72 „ 

Stohmann has attempted to show that in the benzene 

ling Iherc are not three equal valued double bindings 
by comparing the increase in the heat of combustion 
on addition of hydrogen to the ring in the case of 
benzene and pbthalic and terephthalic acids. An 
example is: 

Ilenzene to dihydrobenzenc . . . + fi8'2 Cal. 

Dihydiobenzeue to tetrahydrobenzene . +44-0 Cal. 

Tetrahydrobenzene to bexahy drobcuzene + 41 -2 ('al. 
llexabydrobcnzciie to hexane . . + 58 0 Cal. 

I’htlialic acid to dibydro acid . . -t-0S7C!al. 

Dihytlro acid to tetrahydro acid . . + 4r)‘3 Cal, 

Tetrslhydro acid lo hci^ydro acid . + 45-3 Gal. 

Ilexahydro acid t.) suberic acid . . + 54‘8 Cal. 

It will be seen that a much larger amount of heat is 
evolved on adtliug the first two hydrogen atoms than 
in all subsequent additions, even on splitting of the 
ring; but it must be added that no such difference 
Occurs ill other physical projicrtics on addition of the 
first two hydrogen atoms to benzene, as, for instance, 
density, and molecular refraction.—Sv. II. H. 


ThermodynamicB (Ileaf). The investigation of 
the relations between heat and other forms of energy. 
These relations are governed by two fundamental 
laws. See Tuebhodynamics, Laws ok 


Theraodynamlca, Laws of {Heat). The Fiust 
Law states that if a quantity uf heat be entirely 
converted into mccbanical energy, the amount of 
such enei^y is a fixed quantity; and, vice verm, 
u giv.in quantity of mechanical energy is convertible 
into a given fixed quantity of beat. In other words, 
the ratio of the quantity of heat to the quairtity of 
medianieal energy is constant. This is algebraically 
expressed by the equation W <= J H, in which J 
represents the Mechanical Equivalent of Heat (g.f.) 
The Second Law cannot be so simply expressed, 
l^rd Kelvin’s statement of this law is os follows: 
“ It is impossible, by means of inanimate material 
agency, to derive mechanical effect from any portion 
of matter by cooling it below the temperature of the 
coldest of surrounding IxicUcs.” Clausius’ mode of 
expressing the law is: ** It is impossible for a self¬ 


acting machine, nnaided by any external agency, to 
convey heat from one body to another at a higher 
temperatore." 

Thenno-Eleotrioity. It was discovered by S^beck 
(in 1821) that if a circuit be formed by joining two 
dissimil^ metal conductors together at their ends, 
and one junction be heated, a current will flow in 
the circuit. For example, let an iron wire and a 
copper wire be twisted together at their ends, and 
one junction be heated, a current will flow from the 
copper to the iron at the hot junction; we have what 
is termed a Thebmo-Edsctbic Cubbbnt, and the 
p^r of metals form a Thsbmo-Electbic Couple. 
For the sake of comparison, the E.M.F. produced 
by a couple made of each of the following metals 
respectively, with lead as the second metal, is given. 
The temperature difference between the hot and cold 
junctions is in each 1° C: 


Bi.smuth . 
Nickel 

German Silver 
Platinum . 
Copper 
Zinc . 

Iron . 
Antimony. 


. about 

• 

• ft 

• J» 


ft 

It 


00 microvolts. 


22 

12 

- -9 

- 1-3C 

- 2-3 
-17-5 
-23 


ft 

ft 

ft 


4t 

ft 


'rhis clc(!tromotivc force is termed the Xhekmo- 
Electbic 1‘owbb of the metal. The E.M.F. of a 
couple depeml-s upon the temperatures of the junc¬ 
tions in a manner which may be expressed by the 
formula 


E = a(T, - T,) + &(T./-T;), 
where E is the E.M.F., T„ and T, the temperatures of 
the junctions, and a and'J cuefficicnls depending on 
tlie metals employed. If the viean temperature of 
the two junctions attain a certain \’alae, the E.M.F. 
vanishes: tiiis temperature is termed the NeuteAL 
Tempebatuee, and is given by the equation 


T.. + T, 


a 

ifh 


From this equation it is easily seen that 
a = - 26 T . 
and from the first formula 


E =. 26(T, - T.) 

Thus E vanishes when -■ T„ and also if |(T„ + T,) 
= T^. If one junction be kept at a constant tem- 
pi:rature, the E.M.F. attains a maximum when the 
other is at the neutral point; while, if one be kept 
at the neutral point, the E.M.F. will gradually fall 
in amount as the other is heated, vanishing when 
the two junctions ai-e at the same temperature, and 
becoming reversed if the second junction is heated 
above the neutral point. This phenomenon is termed 
THEBMO-ELECTBIC iKVEHStOK. 

A thermo-electric couple supplies a very con^■enient 
methori of measuring high temperataro; for this 
purpose the wires are often platinum and a platinum- 
iridium alloy. The couple i.s connected in series with 
a high resistance galvanometer, the scale of which 
may be graduated to read directly in degraes. A 
number of coui>lcs are frequently connected in series 
in such a manner that the alternate junctions may 
be simultaneously exposed to a source of heat. Snob 
an arrangement'constitutes a THEBMO-EiiECTBiC 
I’lLB or Tuebmopile, and is cominonly employed 
for the detection and measurement of radiant enei^. 
In the Baoio-Micbometeb of Boys a single oouple, 
forming port of a closed circuit, is suspended by a 
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delicate quartz fibre between the poles of a powerful 
magnet, such as is used in snspended coil galvati* 
ometcrs. Badiant energy' falling on the junction 
produces an E.M.F., which sets up a current in the 
suspended circuit, which then acts in the same way 
as the coil of a galvanometer. This instrument is 
so delicate that it has enabled the radiant heat from 
a candle two miles away to be detected. 

Tbltier Effect : Peltier found (1834) that a 
reversible thermal effect occurs when a current 
flows across a junction of two dissimilar metals, heat 
being liberated when the current flows in one direc¬ 
tion, and absorbed when it flows in the other. The 
amount of heat liberated or absorbed in a given 
time is proportional to the current, and is perfectly 
distinct from the “Joule Effect” or production of 
heal, which depends upon the resistance of the 
conductor, 

TnoMBON Effect : Lord Kelvin (Sir William 
Thomson) found that if differtmt parts of any given 
conductor in which a current is flowing arc at 
different temperatures, there is, in general, an ab¬ 
sorption or a liberation of heat. Heat is absorbed 
in an iron conductor if a current flow fi-om a hot to 
a cold point ; in copper the reverse is the csisc. If 
there be a .small difference of fcmperatiire, —f,, 
between two adjacent points in tlio con<luctor, the 
heat developed in the part Itetwi'cn tliesc two points, 
when unit quantity of electricity flows from ontf to 
the other, is or (f,—f_,). Tlic coefficient <r is called 
the “Sjjeciflc Heat of the eleetricity in the metal.” 

Thermo - Electric Power, etc. {Elect.) See 
Tueumo-Electricity. 

Thermometer {Heat). An instrument for the 
MEASL'EESIENT of TEMPBIiATCRE {q.r.) ^ 

- , Electric {Heat), See Mea.suuemest op 

Teaipebatuue. 

-, Maximum and Minimum (Heat). See Maxi¬ 
mum AKU Minimum Theraiometer. 

-, Mercurial {Heat). See Measurement of 

Temperature. 

- , Platinum {Heat). See aiEASUiiEMENT of 

TEMPBR-iTCKE. 

- Sesistanee {Heat). See Measurement of 

Temperature. 

Thermometer Screen {Meteerol.) A box or case, 
pi'rforaicd in order to allow the free circulation of 
air, us€'d to protect a thermometer from the direct 
action of the sun's rays. The thermometer gives the 
true temperature of the air. The commonest pattern 
is Stev'cnson’s Hcreeu, with sides made of parallel 
shutters or louvers. 

Thermometric Condnetivity, Coefficient of 

{Heat). The diffusivity of a substance. St-e 
Diffusivitt. 

Thermometric Beales {Heat), See Scale, 
Thermometric. 

Themu^ile {Elect.) See Thermo-Electricitf. 

Thermostat. An instrument for regulating tem¬ 
perature or for maintaining a uniform temperature, 

ThtcknessinB {Carjp.) Planing down wood to a 
fiaquired thukricss. The operation is effected in 
la^'e shops by a planing machine, which is furnished 
with two cutter blocks, the distance between which 
can be adjusted; the machine is termed a Thickness- 
ing Machine. 

Thieknesslng Machine (6!iw»,, etc.) See Thick- 

KESSIN'G. 


Thkdi Bpaoes (Ty^oy.) Spaces used for dividing 
words and cast three to an cm of their own body. 
See Types. 

Thimble {Eng.) A term often used for a cylin¬ 
drical or conioal socket; also for a conical mandrel 
used in forging ring.s, which are slid on in order to 
preserve the circular form while being hammered. 

- {Plumb.) A brass socket for attaching lead 

pipe.s to stoneware. 

-- {Pot.) The smallest size of flower pot made, 

being 2 in. deep and 2 in. in diameter. The next 
size (2^ in, by 2.J in.) is called *• Thauibs.” 

Thin Fount {Typag.) B’oonts of type of wliich 
the lower ease letters a to r measure in width less 
than twelve times the depth of their body are called 
thin founts. 

Thinners {Hcc.) Linseed oil and turpentine form 
the usual thinners of tlie house painter, tlicse liquids 
being employed to thin the finely ground pigments 
to a consistency suitable for being ai>plied to a surface 
by means of a brush. The oil serves to bind the 
particles of the 7 )ignicnt tc^ethev, and the turpentine 
serves to further “ thin ” the mixture or render it 
more liquid. See LlNSEEU Oil TURPENTINE. 
Although the thinners used by liousi> jminters almost 
universally are confined to linseed oil and tm-pentine, 
in no fixed proportions, it is it‘cognised by tlie best 
autlioritics that they may be varied with advantage 
ac’cording to the nature of the jngmenl.. Thus, when 
oxide of zinc {<f.r.) or zinc white is employwl, it is 
important to use very little turpentine with the 
addition of only retinod boiled linseed oil. Some 
I>aint manufacturers who prepare special 7 )aints 
send them out in jiastc form with liquid thinners of 
exactly tlie proper composition ready to be added as 
the paint is mixed. This jiraetice lia.« much to 
recommend it, and is likely to iucrcaso. 

Thinning Out or Down ( Eng.) Ue.velling the edges 
of boiler jdates, ct<-., where they are to overlap at a 
joint. 

Thin Plates and Films, Colours of {lAght). 
When light tails on a thin plate of ;iny tramspareiit 
material, interference occuis between tlie light which 
is reflected at the front surface and that which is 
reflected at the back surface. In the case of a plate 
of uniform thickness the interference may be ctuii- 
plete for light of one jiarticular wave length ; if tins 
was 1 ho wave length of the iuchkjnt light, then the 
interference will bo a inaximnm, and tlie amount of 
light reflected will vanish. If the incident light was 
wnite, then one colour will be destroyed, and tlie 
resultant light will become coloured. If the thick- 
nes.s of the film varies, the colours which are destroyed 
will also vary, and different tints will be iiroduced in 
the reflected light. Newton’r Uinos form a good 
example of these colours. A Ions of small curvature 
is laid on a glass plate, and successive ring.s apjiear 
surrounding a ccaitral spot, which is dark when 
viewed by transmitted light. With mono-ciiromatic 
light the surrounding rings are alternately bright and 
riark ; with white light they apiiear coloured, if the 
rings be viewed by transmitted light, tlie central 
spot is bright, and the positions of the bright and 
dark rings ate intcrcliauged, a bdglit one oc<;urring 
where a dark one appeared by the reflected light, 
and rice verm. 

Thin Spaeas (Typog.) Bpaoes used for dividing 
words and cast five to an cm of their own body. See 
I’FPBS. 
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Tfalo- (^Chem,') A prefix used in naming^ sulphur 
compounds. In most cases it indicates that in the 
compoimd beaxing the prefix one or more sulphur 
atoms have replaced one or more oxygen atoms. 
Carbonic acid H^CO, Thiocarbon'ic acid H.p8, 
Cyanic acid HCKO Thiocyanic acid HCNS 
Sulphuric acid II 80^ Thiosulphuric acid 
Urea CO(NiIj)j Thiourea 

Thlocyanatea Another name for Sul- 

PHOOyANATBS {q.V.) 


Thionine (Clmm.) Another name for LAtrrn’s 
Violet (q.v.) 

a (3 
/Cn=CH 

Thiophene (C/tfm.) S\ 1 
\CH=CI1 
«' 

A colourless liquid; boils at Bl”; insoluble in water, 
soluble in benzene, el her, etc.; has faint smell re¬ 
sembling benzene. Tt is attacked by lialogcns more 
readily than benzene, even iodine forming substitu¬ 
tion products with it in presence of mercuric oxide ; 
the halogens first enter the a-position. Strong nitric 
aeid oxidises thiophene, bat if ak charged with 
thiophene vapour is led into nitric acid, nitro com¬ 
pounds (mono- and di-) are formed. Forms a sul- 
phonicsicidwhen a dilute solution in light petroleum 
i.s shaken with concentrated sulphuric acid. Thio¬ 
phene and its <lerivatives on treatment with a little 
isatin and some concentrated sulphuric acid give 
a deep blue colour—this is called the Indophenine 
reiu'.tion. Tliiophene can be obtained by heating 
sodium succinate vvith phosphorus trisulpliide—yield 
about 50 per cent. : 


l“ \OH 

Clt 

NONa 


+ P.,S,=c CH = CII 
- I 

C’U = CII 


>8h. 


(Taulouiuric fornu) 

• 2Nfi,P0, + l»0„ 

It wa.s first obtained from coal tar benzene, in wbich 
it occurs to the extent of about J per cent.; the 
benzene is sh.aken with concentrated snlplmric acid, 
the acid is diluted with water and distilled in .steam, 
when nearly pure thiophene is obtained—the product 
is separatetl from wjiter, dried, an<l redistilled. 
Thiophene is obtained in smiiil q)»antitj' by passing 
acetylene through boiling sulphur. 

liomolognc.s of thii'iphene occur in coal tar; thus 
a-metiiylthiophenc occurs in coal tar toluene. They 
can be obtained synthetically from diketones and 
7 -ketonic acids. Examples: (1) Phosphorus penta- 
sulphidc converts acetonyl acetone («r IdKETONES) 
into ao'-dimetliylthiopheno. (2) I’Jiosphonis j.)c‘nta- 
.sulphido converts Iffivulinic .acid into methylthiopheno. 
ike LASVtTLixic Acid. The homologues can also be 
obtained from tlie lialogcn substitution products of 
thiophene just as benzene homologues are obtained 
from benzene. On oxidation the homologues of 
thioplieno yield thiophene carboxylic acids just as 
liomologucs of benzene yield benzene carboxylic 
acids. 


Thiosulphates {(’hem.) Salts of thiosulphuiic 
acid 11.^8./),. This acid may be rogfirtled as derived 
from sulphuric, acui by replacement of an atom of 
oxygen by an atom of sulphur. The constitution of 
0. OH 

sulphuric acid is ^ 8^ Thiosulphuric is rfi- 

oy ^OH 


gatded as derived from it by replacement of ooe of 
the hydroxyl oxygeu atoms a sulphur atom. 




OH 


That it is a hydroxyl oxygen that is 


0"^ '^SH 

replaced is shown by several reactions of formation 
and decomposition of the thiosulphates, e.g ,: 

(1) A thiosulphate is formed when iodine acts on 
a normal sulphite in presence of a normal sulphide— 


0*8< 


ONa 

Na 


Na*S 


+ +2NaI. 

® ^SNa 

,ONa 


0,8 + C^HjSNa + I,=0,S + 2NaL 

(2) When sodium ethyl thiosulphate is decom¬ 
posed by a dilute acid mercaptan and sodium acid 
sulphate are formed— 




ONa 


+ H0H=0,R< +HSC,H.. 

• Xrvrr 2 9 


on 


(3) Gentle warming of silver thiosulphate with 
water gives silver sulpiride and sulphuric acid— 


+11011=0,8 c;; +sAg., 


on 


■SAg 


OH 


on 

SH 


If the constitution of tbiosulphune acid is 0.,S< 

* ^1 

isomerism should exist among the tbiusulphatos, 
and this is the case— 

,ONa 

Mcilts at 62°. 

10.5 3 parts dissolve in 
100 parts water at 16”; 
with etiiyl bromide it 
.ONa 

gives 


,0K 

”’®<SNa 
Melts at 57°. 

2]3'7 parts dissolve in 
100 pjirts water at 15°; 
with ethyl bromide it 
,OK 

gives 0,S< 


SSC,Hs 

Salt I. is prepared by neutralising sodium hydrogen 
sulphite with potassium carbonate, and acting on the 
product with ammonium peutasulphido; salt II. in a 
.similar way from potassium liydrogen sulphite. 

Third (J/w^fc). The interval between two notes 
occupying two degrees of the stave next but one to 
each other, as E, G. AVc Intervals and Temi'eka- 
AIEXT. 


Third Flute {Mnsir). The flute in E^. i^ee 
Musical Ixstru.\iekts, j>. 434. 

Thistle {Her.) The flower and Ic.avcs of one of 
the Carduus family form the Emblem of Scotland. 
A very ancient order of knighthood is entitled the 
Most Noble and Ancient Order of the Thistle of 
Scotland. 

Tholos {Arehiteft.) Originally used to denote the 
roof of a circular building, but the term came to be 
applied to the circular building. *'<r I'ELAsdic. 

Thomson Effect {Elect.) If a current flow along 
a conductor whose tcmiierature varies at dillcrent 
paints, heat is absorbed at a given point, or is 
liber.at.cd at the same point, according to the direction 
of t he current. In an unequal ly heated iron, wire, heat 
is absorbed wlien the current flows from the hottac 
to the colder part of the wire; while with copper 
heat is absorbed when the current flow^ from the 
colder to the hotter part of the wire. A reversal of 
the current reverses the thermal effect in all cases. 
This effect is quite distinct from the heating effect 
which occurs in accordance with Joule’s law {q.v.) 
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Thorax (Zoology). The anterior part of the trunk 
of an animal. It is protected by the ribs at the sides 
and by the sternum (breastbone) on the under 
(ventnil) surface. 

Thorium Th. Atomic weight 232'5. A 

rare metal belonging to Group IV. Series 12 in the 
Periodic iSy.stem. It is a white metal; sp, gr. 11; it 
has not been melted; bums brightly when heated in 
oxygen; dissolves in nitric acid and aqua regia. 
Thorium occurs as silicate in thorite and orangeite, 
and as pliosphate in monazite; it aiso occurs in a 
number of other minerals, but those mentioned are 
the chief source of the metal and its compounds, 
Tlie metal is obtained by lieating ])otassium thorium 
chloride KC’l. 2ThCT^, with sodium under a layer of 
common suit iu an iron cylinder with screw cover. 
There is some doubt as to whether tlioiium and its 
compounds are radioactive; according to some 
chemists, thorium prepared from uranium - free 
minerals is inactive. However, ordinaiy thorium 
and its compounds—for example, a Welsbach gas 
mantle—are radioactive : they give out the a, and 
y rays (s« IlADlOACTivlTy), but the energy radiated 
as a-iays is about 22 times as much as that radiated I 
by the /8-rays, and it lia.s been calculate<l that 1 gram I 
of thorium emits about 70,000 a-^mriiclcs per second, ! 
which is equivalent to 0 3 gram calorics per year, j 
Thorium and its compounds also yield an emanation 
which can be removed from tlrem by merely drawing 
a curroirt of air over the selected cominmnd (usually 
the oxide); the cm.'mation accompanies tlie air 
current; it is a gas which condenses between —120° 
and — loS% and is unacted on chemically by any ■ 
physical or chemical treatment, such as strongly j 
heating it, treating it with acids and the like, but it 
decomposes spontaneously. The amount rrf the 
emanation is excessively small; ibere is present at 
any one time in 1 gram of tl orium wliich is in a 
state of radioactive equilibrium not more tlian 

5 X 10~ ^'*cc. at the ordinary temperature and pressure. ! 
The thorium atom ^or if not thorium some other 
unknown element which usually accomiranios 
thorium), therefore, is unstable and decomposes ; the 
stage.'< of the decomposition so far as they arc known 
may be represented thus : 

Thorium 

I 


ThoriumX* a-particle 


Emanationt o-pavticle (1 or more) 
(a ga.s) 


EmanationXa-paiticlc 
(a solid) 

Inactive substance 
Active substance 


a-particle Pqjarticle 

■y-rays 

ThoriumX (TbX) can bo obtained from thorium 


nitrate by precipitating the hydroxide with ammonia 
(not by caustic soda), filtering and evaporating the 
solution in a platinum dish—it is of coarse not visible 
or weigfaable. As thorium is undergoing decompo¬ 
sition, it is of interest to know how long a given mass 
would take to decompose completely: to give some 
idea of this, it has been calculated that of a given 
mass of thorium only 1 per cent, would remain at the 

end of 10^® years. Compounds : The oxide ITiOj is 
the starting point for the preparation of the metal 
and its compounds. It is obtained, for instance, from 
thorite by evaporating it in finely powdered condition, 
with hydrochloric acid, extracting the heated residue 
with water, removing load by sulphuretted hydrogt'n, 
and precipitating the filtrate from the leatl sulphide 
wit h ammonia. The very impure hydroxide is washed, 
dissolvtsl in hydrochloric acid, and precipitated by 
oxalic acid. After washing, the oxalate is heated to 
convert it to oxide. The oxide, which still contains 
traces of other metals, is moistened witli water, and 
heated with concentrated sulphuric acid in a jplatinum 
dish, when it forms the sulphate, which is dried, 
powdered, and dissolvtid in the minimum of water at 
0°; on allowing the temp«'rataro to rise to 20°. the 
hydrate l’li(80,)j91Jj,0 separates out—this depends 
on tlie fact that the hydrate Th(B0^)j9H,0 is less 
soluble than any otl.cr hj'drate up to 43°, and that 
its solubility increase? rather rapidly above 20°. The 
process is repeated till a pure salt is obtained. Its 
solution is then precipitated by ammonia, and the 
hydroxide strongly heated to convert it into oxide. 
'J'lic oxide is a white iwwder which ha.s not been 
melted. After it has been strongly heated, it is 
insoluble in acids except strong sulphuric acid. It 
is used in the preparation of tlie Welsbach mantle, 
and for Ibis purpose it is prepart'd by lieating the 
nitrate. See Fi.amk. The hydroxide Tli(t»Il), is 
obtained by precipitating any soluble thorium salt 
with ammonia; it is soluble in aciils forming the 
corresponding salts. The chloride TliCl, is a white 
crystalline solid, somewhat deliqne.sceat; crystallises 
from water with SHjO; has a uormal vapour dfensity 
at 1050°. It is obtaineti by heating the metal in ary 
hydrogen chloride, or by heating a mixture of the 
oxide and carbon in a current of chlorine. The nitrate 
Th(N(),), is very soluble in water, and is obtained by 
dissolving the freshly precipitated hydroxide in nitric 
aci<l: it gives the oxide when heated. The sulphate 
Th(HU,)„ is obtained as described above, and is re- 
markable for the numlier of its hydrates and their 
stability. Tlie bydrato Th(S()4)g9n,0 is the least 
soluble up to 43", at which temperature it decom¬ 
poses into Th(HO,),4HjO, whicli diminishes iu solu¬ 
bility from 18° to* 1011°, when it decomposes into 
lh(S0,)^II,0. Over 43° tlio hydrate Th(H 04 ), 4 H,O 
is the iea.st soluble. The carbide TliC, is a transparent 
crystalline solid, obtained by heating the oxide with 
sugar charcoal in the electric furnace: it is decom¬ 
posed by water giving a number of hydrocarbons, 
among which are acetylene (47 per cent,), motbano 
(29 per cent.), ethylene (6 per cent.), and,in addition 
to these, about 18 per cent, of hydrogen. 

Thome Composing Kaohines. See Typu Settinu 
Machines. 

Thorough Baei {Mvrio), Tlie continuous bass, 
bearing figures to show wliat harmony is to accom- 
liany it, in a composition. The term is often used 


* LofcCR half ItK acti\ it; iu four days. f Loses lialf its activity in one minute. 

I Loses half its activity m eleven hours; cause of eseited radioactivity; soluble in hydrochloric and Bulphuric acids (the 
emanation is not soluble iu these acids). 



THB 




TOT 


to denote any figured bass, whether haun continw or 
not. Also as a term synonymous with harmony, <is ‘ 
” the rules of thorough bass,” meaning “ the rules of 
harmony ”; this, however, is not the real meaning of 
the term. For example of figured bass, tee ScoBB. 

Thread i.Etig,') See Screw. 

Thread Gait (Zoee Manufm.') The available 
space between any two carriages in a lace machine. 

Threading (jM.ce Maimfae,') The operation of 
placing the brass bobbin properly into its carriage 
or shuttle, an I threading the end of the material 
through the Jiole or guide. 

Three Coat Work (PltMterhtg). Plastering exe¬ 
cuted ill three successive coats, viz. (1) Pricking-up 
Coat, (2) Flouting Coat, (H) Setting Coat. 

Three Oolonr Proeesa. See Photo Engravikq 
and Photograrhy in (’olour.'i. 

Three High Soils or Hill (£ng.) A rolling mill 
with three rollers one above another. (J Two 
High. 

Three Momenta, Theorem of (Meek, Eng.') A 
theorem by which the bending moment at the points 
of support may be determined in the ease of a “ con¬ 
tinuous” beam or girder, i.e. one resting on three (or 
more) suiiiiorts. For a detailed discussion of this 
theorem, works on the Theory of Structures, etc., 
must, be consulted. 

Three Part Box (Fonndrg). A moulding box or 
flask in three separate jiarts ;.u.sed in ca.ses where, a 
easting lias to bo made willi a central portion wliieh 
does not allow the easy withdrawal of the pattern. 

Three Phase System (Elect. Eng.) A systen; of 
gonciuting and distributing i-leetric energy, wbieli is 
of great laliie wlien ixjwer lias to bo transmitted 
o\er a considerable distance. An alternate eurreiit 
generator is used, which produces three alternating 
currents, differing in phase by one-Lhinl of a eomplcte 
period, i.c. by 12t>“. It is only nocessair to use three 
wiri'#for the distribution of the three currents; the 
use of ihe.se tliree wires must, however, be carefully 
distinguished from that of the conductors in a three 
wire system f'/.c.) 

Three Quarter (Eittd.) A book cover the back of 
whicli is of leather, extra wide, the corners covered 
witli leather, and the sides with cloth or i)ai.icr. 

— (Paint.) The term denotes a size of portrai¬ 
ture W in. long by 25 in. wide, the figure being 
shown to the liip.s. Cf. Kit-cat. 

Three Quarter Bat (Build.) Tlirec-fourths of a 
brick n.scd in the place of a closer and a header in a 
brick wall. 

Three Square (Eng.) Three sided, or triangular 
in section. 

Three Throw Crank (Eng.) Three cranks carried 
on one shaft, the angle between two consecutive 
cranks being 12tP. 

Three Throw Pump (Eng.) A pump with throe 
barrels, the plungers or pistons being driven by a 
three throw crank (q.v.) 

Three Wire System (Elect. Ehig.) A system of 
electrical distribution, in which two dynamos are 
employed, and are connected to three distributing con¬ 
ductors. One of these, the flEtrrBAL or BAiiANOiNO 
Wire, is connected to the positive brush of one 
dynamo and the negative bnish of the other; the 
remaining wires are connected to the two^ other 
brushes respectively. The lamps, etc., supplied by 


the system are connected to the neutral wire and 
one of the other wires, and so arranged that approxi¬ 
mately equal numbers are connected to each of tba 
two “outer” or principal oondactors. The current 
in the neutral wire is then equal to the difference of 
the currents in the two other wires, and may be 
zero. 

Threshold (Build.) The stone step of a doorway. 

Thriee-marked Octave (Mutie). See I^toh. 

Throat (Ettg., etc.) (1) The opening at the top 
of a blast furnace. (2) A part of an object corre¬ 
sponding to the opening or neck of a bottle. 

Throating ( Build .) The groove cat on the under¬ 
side of a skylight, transome of a frame, stone cills, 
etc. This groove serves to prevent the rain from 
running along the under surface by capillary 
attraction, and finding an entrance through crevices, 
especially in the case of skylights. 

Throstle Frame (Cotton Spirming, etc.) A system 
of il}'cr spiuning w'hich is fast falling into disuse. 
It is being superseded by the ring frame (q.v.) 

Throttle Yalve (Eng.) A valve placed in the pipe 
wliieh Bupiilic.-! steam (or gas) to an engine; the 
sujiply is controlled by opening or closing the throttle 
valve, which operation is effected in steam engines 
by the governor (q.v.) 

Throttling (Eng.) Bogulating the supply of steam 
(or gas, etc., in the case of a gas engine) by means 
of a throttle valve. 

Through Stone (Udatonry). A bonding stone going 
through the thickness of a wall. 

Throw (Eng.) (1) An old term for a LatHB 
(q.v.'\ f2) The diameter of the circle described by 
tlie cCuti< of a crank pin ; it equals tbc stroke of the 
pi.ston. 

Throw of a Fault (Geol.) The amount of the 
vertical displacement produced in strata by a fault 
tq.v.) 

Throw Off Impression (Print.) An arrangement 
by wliieli the cylinder of a printing machine i.s raised 
clear of Iho forme, which may then travel beneath 
without an impression being made. 

Thrust (Eng.) A pressure, particularly that exerted 
along the axis of a rod or a shaft. 

Thrust Block or Bearing (ISng.) The bearing 
which takes the longitudinal thrust in a propeller 
shaft; it contains a number of grooves, in which 
corresponding rings or collars (the Thrust Collars) 
formed on the shaft rotate. The thrust is thus re¬ 
ceived directly by surfaces of metal, which are 
normal, or at right angles, to the force which they 
havc to overcome, hence lateral motion of the shaft 
is prevented. 

Thrust Collars (Eng.) See Thrust Block. 

Thrust Plane (Geol.) The plane of dislocation in 
a reversed fault (q.v.) Also termed a Gliding 
Plane. 

Thrust Screw (Eng.) A screw placed in line 
with a rotating shaft or mandrel, with its end in 
contact with the end of the shaft: its use is to take 
any thrust in the shaft, and to provide a longitn- 
dinal adjustment for the latter. Used iu some forms 
of drilling machine, lathe, etc. 

Thqja oceidentalis (Botany). A tincture used 
in pharmacy, made from the young shoots of the 
Jrbm' vita (Conifene). 

Thumb (Pot.) See Thimble. 
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Thumb Lever' Composing Stick (Typty.) So 
called because the slide is fixed by pressing down a 
lever. 

Thumb Kould (Join.") A moulding used on the 
edge of tables. 

Thumb Plane (Join,') Small planes, 3 or 4 in. 
long, used in working mouldings, rebates, etc., in 
situations where an ordinary plane cannot be used 
conveniently. 

Thumb Screw (Eng.) A small screw with a head 
so formed that it can be turned by the thumb and 
finger. 

Thumb Screw Compoeing Stick (Typog.) So 
called when the slide is fixed by means of a thumb 
screw. See Composino Stick. ‘ 

Thumper (Music). The level felted weight against 
which organ keys liit when they rise. Its duty is to 
keep the key level. 

Thunder (Meteorol.) The noise corresponding to 
that produced by the pas.sage of an electric spark. 
Tt is due to the sudden heating and consequent 
expansion and contraction of the air column. I'ho 
rumbling noise is cansed by numerous refractions 
and rellections from arijacent clouds and hills. 

Thunderstorm (Meteorol.) Ix)cal progressive 
atmospheric disturbances occurring in most lati¬ 
tudes; accompanied by rain and electrical pheno¬ 
mena such as lightning. 

Thurible. A C'enskk (q.r.) 

Thus (Frankincense or Olibanum). A resin which 
gives out a marked odour on being burnt, and is one 
of the main eon.stitncnts of the mixture called incense, 
burnt in religions ceremonies. The name “ incense ” 
refers to the combustion which develops the otionr. 
Thus is the dried exudation of certain resinous trees, 
and comes from Africa and Arabia. It lias been 
known from very remote antiquity, and has been used 
for chewing as well as for fumigating. The name 
Olibanum is derived fi-om the Hebrew word for milk 
(lobouah), and refers to tho milky appearance of the 
sap before it hardens on exposure to the air. Tiie 
Arabian and East African product is obtained from 
various species of BoewelUa, wliile the West African 
oiibannm, which comes mostly from Sierra Ia?one, 
is a product of Daniellia thurifera. Frankincense 
occurs in commerce in tlie form of pear-.shapcd 
‘•tear.s,’’ always covered witli a while dust. When 
this is riiblicil off, the masses sure seen to be either 
milky or elear and semi-transparent. The cobmr is 
a pale yellowish red, very faint in the best qualities. 
As regards constitution, it is a gum re.sin, containing 
about 33 per cent, of a gum said to be identical wiili 
gum arabio, and 56 per cent, of a resin which is 
separated from the gum by alcohol, in wliich tho 
latter is insoluble, lire remaining 1) per cent, or 
thereabouts consists of an c.ssontial oil easily’^ obtained 
by distilling the frankincense with water or in a 
current of steam. Tliis oil is sometimes quite colour¬ 
less, but is usually somewhat yellow, ami has the 
same smell a.s the burning incense, which therefore 
probably owes its odour to the volatilisation of 
unburnt oil. It is a matter of common knowledge 
that incense is bnnit in jairtialiy' closed ves.sels, not 
only for the convcnieiwje for swinging, but to restrict 
the access of atmospheric oxygen. The oil has a 
specific gravity of aVwnt 0-88, and is Imvorotatory. 
It consists mainly of terpencs, and therefore boils at 
about 170" t'., but its constitution is not accurately 
known. The oil was fortnerly largely used in medi¬ 


cine, and is still so to somiB extent,' although it is 
not officinal. Frankincense and its oil are very 
similar to myrrh and the essektial oil obtained from 
that resin. See aho QuM Thus. 

Thymol (Botany). An antiseptic substance ob¬ 
tained from the volatile oils of the piaats Thyamt 
vulgaris, Monarda punctata, Carimn ccpticum (order, 
Lahiata). . ' 

- ((J/tem.yt 

. (;ii-CH\ 

ClI,. C’>C. CH(CH,), (S-methybe- 

\,C11—OOH isopropylphenol). 

A colourless solid crystallising in large tables; mdts 
at 44® ; boils at 230°; slightly soluble in water (1 in 
1300); soluble in alcohol and ether. It has a smell 
of thyme. It dissolves in caustic soda or potash, 
forming crystalline salts, which liberate thymol on 
treating them with an acM. Distillation with 
pho.sphoms imntasulphide converts it into cymene 
(q.v.) On oxidation with chromic acid it yields a 
quinone. When acted on by iodine in alkaline 
solution it yields a monoiodo derivative, a diodo 
derivative, or a diododiphenyl dcri>'ative according 
to the conditions of the experiment. Tho last of 
these substances contains 46 t)er cent, of iodine, and 
is used .a.s an antisc}jtic under the fiamc nristol; the 
only advantage it has over iodoform is that it has 
very little odour. Tliymol occurs in oil of thyme, 
which may contfiin as much us 30 per cent, of it; it 
is obtained from this oil by shaking with eaustio 
soda, separating the soda solution, and precipitating 
it with hydrochloric acid; the i)recipitato is crystal- 
li.sed from aeetic acid. Thymol is a stronger anti- 
."cptic than phenol and is used in medicine as an 
antiseptic; its slight solubility in water is perhaps 
against its general use. 

Thynuz(Arcli^ol,, Art). An attribute of Dionysus 
(haashus) ami hi.s votaries. It consists generally of 
a staff tipped with an ornament like a 7 >iue cone, 
sometimes wreathed with i\y or vine branches, but 
various forms are recorded. 

Tiara. (1) A headdress somewhat like a turban, 
worn by the ancient rei>ians. The tiara is still the 
ceremonial licaddress of tlic kings of Persia. (2) 
The I'ojie’s triple crown, a ta;M;ring cylindrical 
(iradern surrounded by three crowns, and surtnounted 
by a mound and cross. (.‘I; A coronet and ornament 
for the liead in the form of a coronet. 

Tibia (Archceol.) A variety of fiagolet or" flute, 
made cither single or double. 

- (Stool.) .In a mammal one tjf the two liones 

forming tliat portion of the leg (hind limb) lying 
between the knee and the fo<it. 'iho tenit is also 
applied to a part of one of the appendages in certaiu 
invertebrates. 

Tidal Basin (divil Bug.) A dtjck which com- 
mnnicates thiough lock gate.s with tidal water. 
Ve.ssels can enter a.s soon ;i8 tlic tide reaches the 
level of (he water in the l>.asin. See Docks. 

Tides (Astrm.) Alterations which occur in the 
*lepth of a large body of water, owing to the at trac¬ 
tion exerted by the sun and moon. Water drawn 
from one place (where it is low tide) is accumulated 
at anotlier (where it is high tide). Ibis phenomenon 
is progressive, the tides following the relative 
motions of the earth, moon, and sun. The theory 
of the tides is long and complex. It is given in full 
in works on Gravitational Astronomy. See PRiMiNa 
OF THE Tides. 
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’OaiJEng.) a' tnembei of a ecmctiiro wbiob exerts 
a tCDsUe force 'belwcen two other parts. It la usnally 
a thin rod, which is thooTet!ioall 7 capable of being 
replaced by a chain or cord. 


<——■ See Bikd. To what is stated there 

may be addwl the following: Mr. Franklin Taylor 
points ont that occasiouilly iti pianofoito music the 
bccond note is actually reijcatcd in such a way that 
the note is rapidly and closely restruok before tlie 
damper hah quite fallen, so that there iw no actual 
silenct* between the two Bound& The following is 
an example: 

Vnl«e Ot>. 34, Xo. I.—Cnopis. 




u u. 1 








In older music tics were loss used, the notes being 
written as followt; 



note IS sustaiuod in two bars. I he abu\c in modern 
notation would be: 



- (»9;7A ifanvfac.') Tlie term applied to an 

arrangcnii'nt of thieadoin plaiu weaving, cy. “satin” 
tie, “twill ” tie, etc. 


Tie Beam. Sec Hoofs. 


Tie Bolt ) .V bolt serving ns a tie {q.r ) 

Tier, Telr, or Bangs (Liiee Jtfanufae,') A row of 
ivarnages in working posilioiu 

Tieroe (Mme). A metal on?an slop sounding the 
thlid ill the hocoiid ocUve, ft*, the seventeenth, of 
the foundtition slop. It is m Idom found in modern 
organ4, owing ti; the difficulties in introducing it 
under the equal touipcianient tuning. The tierce 
ucvvforms one of (he ranks in tbo mixtures (j'.v.) 

Tiense de Pioardie The third in a major 

chord which closes a jiieoc written in the minor key. 
Tho older cemi>oserb always used this chord in minor 
key compositions for the final ehoid, or else omitted 
the third altogether. An example is given from 
I'lirceirs anthem K/nfor Tl£, 

TlibroeroiMI (.Arckib’of.) See Bib axd I'axel 
• VautT. 

Tie Bod See Tie. 


Tiger Bili {Jiofmtif}. The tuberotu rhizomes of 
Cijperut ete^^v* (order, Cy^aoetB), rich itt stonih 
4ind oil, are used as an article of fom in Souihem 
Europe, whore they are known nnder the various 
names of “Clmfa;” “Amande do terre," “Souebetr 
comestible.” They are expurted foom the Gold Ooest 
nnder the name of tiger nuts. 

Tightening Pulley (A%.) a pulley used for 
tightening or taking up the slack in a belt, driving 
curd, or chain. The pulley can be moved ana 
clampcil in any position within certain limits. • 

Tile (Build,') (1) Generally a thin piece of baked 
clay finished according to the purposes for whiqh it 
is intended, cy. covering roofs, doors, walls, or for 
lining furnaces. Tiles are also made of porcelain, 
gla^ marble, metal, etc. Hoofing tiles are made in 
vrarious forms, but the most usual form is tlie pantile 
{q r.) Tiles aie also made for use in specific iiarts of 
a loof, eq. crest tiles, ridge tiles, etc. (2) The name 
given to a short earthenware pipe used in making 
a drain, * 

Tile Ore (Mm.) A red or reddish brown variety 
of CuPHiXE (q.r.) containing a certain percentage of 
non. 

TUI (/frol.) A name given in Rcotlarfd to 
Uoi LUEK (.‘LAY— 1 r. a gl.u‘i.il material enclosing 
iKiiildurs awl aiigul.ir fiagmcnts of numerou*) oldor 
ro( ks. 

Tilt, Tilting, rimrging with the lance or siioar. 

Tilt Hammer (Me*,) An early form of power 
liamiucr It luiy be fompaied to a large hand 
haninier, ]nvotv,d at one end of its handle, and 
gradually raised by a cam oi projection on a wheel 
n volfing imuicdtatoly underneath tbo shaft. When 
the cam ]»assttl a c*-ilam point, the hammer fell 
suddenly, striking a lieavyblow. It was mucli used 
in puddling mills and forges, but is now obsolete. 

Tilting FUlet (Carjp. and Jinn.) See SpeoCKET 
riECiH. 

TUting Helmet (Arw ) A lieavy helmet used in 
tlK liftctnih and sixteenth centuries at the joust or 
tilt (q V) Tlio luraittc or oiKiung for vision was 
high up so Ui.it the wcaier could only see his oppo¬ 
nent when bendiug forwaid in tho saddle for the 
foiirsc. r/. Toubxby Helmet. 

Timber. See Wood.s. 

Timber Heanureiment. Timber in bulk Is 
measured in units teiined StaxuaBDS. A standard 
of pine is 720 ft. of 11 iu. by 6 in.; boards are 
mcasuied bj the snjierficial foot, icckoningtho unit 
tliickncss as lin.; laigo lugs by Uic cubic foot; 
smaller stuff by the linear foot or “foot lun.” 

Timber Rack. A place for tbo storage of timber, 
citlier vvliilo diying or afterwards when leady for 
use. In the foimei case tbo timber is always laid 
horitontally; in the latter it may be stored in a 
vaitJcal poMtioiL 

Timber Washer (Build., cte.) A metal washer 
(q.r.) usud to pievent the beads and nuts of bolts 
employed in woodwork from injuring the fibre of 
the wood. 

Thonbre (Munc). The quality of a sound, due to 
the form of the sound waves, A good qnality of 
tone is comparatively rich iu upper partiuls (i/.e.), 
and the existence of these depends on the wave form. 
Boundud forms give a soft quality, whilst a more or 
less piercing quality tcsulte from angolsx ones. See 
llABuoNicbi Sound. 
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Time. All measurements of time are based on the 
natural units, the Day and the Year. As these are 
not invanable periods, IIkak Time has been intro¬ 
duce*! The scientific nnit of time is the Becokd, 
which is the nlsr mean solar day. Sei* 

Meak BoiiAE DAT, Mean St7N, Solas Time, aud 
Weighie and Msasttbes. 


—- (jtfvstc). (1) The speed at which a musical 
com^wsition is performed is called the time or tempo 
fy.v.) (2) The diriaion of musical plinises into 
measures of etiual lengths, having especial regard to 
the accents; the rhythna, as common time; triple 
time. Tliesc divisions are indicated by time signa¬ 
tures (s'.v.) There are two kinds of time: (a) 
Common time; (^) triple time. In common time 
the accents ooear on alternate beats, whilst in triple 
time tlmy oconr once in every three ^ats. Common 
time is sometimes divided into duple aud quadruple 
time, respectively two and four beats in a bar. Both 
common aud triple time are subdivided into simple 
and compound times. Compound time is fonued by 
combining two, three, or four bars of triple time into 
one bar: two or four bars making compound common 
time, three bars making compoaud triple time. 
Tiiesc are all set out in fu!l ttndfr Time Bignatvbe. 
Other kinds of time consist of combinations of 
common and triple time, e.y. quintuple time is 
formed by combining one biur of common time with 
a bar of triple time, thus: 



or a bar of triple time with a bar of common, ifCaus: 



- ,-i ; 1-- 

^ Triple.^ Common. 

JHee Time Signatvbb. 



Time, Beating of (ifttnie). Tlic signs by whicli a 
conductor leads a iierfonuance. These signs aro gene¬ 
rally made with a short stick, called a btiton, aud 
should be made decidedly and by a wrist movement. 
Flourishing the baton and all otiier unnecessary 
mo\'cnicuts only worry both perfttrmcrs and audienc e. 
The following diagrams show the movement of the 
baton in beating different measures of time: 



I 

Vic . 1.—Two Bcato is a Bab. 



I 


Fio, 3.—Taass Baan ih.a Baa. 


llie fenmer of these is most general, and it has the 
advantage of being less seen by the audience than 
the latter, idthough equally vlslme to the performers. 
The latter, however, is generally used when there are 
performers behind the conductor. In quick triple 
time the heats are often given thus; 



Tia. A—Thres Brats xa 
A Baa ((ittlotc). 



♦ l 

Fiu. 4.—f ova Beaib ik 
a Ban. 




Fiu. 5 .—Five Beats is a Bah. 


according to the place of the second accent, fhe 
Time. 





Fjc. 0 .—Hrx Beats la a Bab, 



Eight beats are given by duplicating each of the four 
beats, and twelve by trebling them, thus: 





Fia. t.—Sma Bsasa. 
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Kine beats are given as in fig. 9. 




Fi(., 9. ^*l^E Brat* a Bar. 

Tineplcee. flee Watchbb akd Clocks. 

Time Sheets. Papers on which are recorriod the 
hours which men have worked each day (or week) 
and the actual piece of work on which they were 
engaged. From the time sheets are compiled the 
wages sheets for the payment of the men, and the 
cost in labour o&each job 

Time Signature Qfutie). Blgn.s placed at the 
commcnecincnt of a piece, immediately after the key 
signature, to indicate the rhythm in which it is 
written. Hometimes a change of time signature 
occurs during a movement, as in the following: 


LlB.iT. 



thus showing a temiwrary change of accent. With 
the e\(eption of the signs and all the lime 
signatures are denoted by figuro.s. These figures are 
fractions of the semibrete (the standard note of 
measurement'), the top figure (numerator) showing 
the jpumber of licats. and tlie bottom figure (<lenomi- 
natoi) the kind of note of which c.ich beat consists, 
t’.g. 4 — tbree-fourtlis of a somibrcie, i.r. three 
croti’bets in a bar. The signs and 0 are not the 
capital C denoting common time, but aie deii\ed 
from a circle. In ancient music the circle denoted 
perfect or tuple time, and the broken circle, (jj «r 0» 

imperfect or common time. The barred denotes 
four minims in a bar, and is known as Alla h-ere. 
The 0 now diuiotcs four crotchets or two minims in 
a bar, and is known as Alla eajfella. ]^th signs, 
however, are rapidly disapix-aring, and giving place 
to figures. The following tabic shows the signatures 
now generally in use, witii their explanations and 
the strong, medium, and w'eak accents. It must bo 
remembered that the signature shows the number 
of beatt in a bar, not the number of notes: 

• Tablb op Timb Bionatubes. 
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Other signatures may occasionally bo met with, 
an example being given und«r Time showing five 
crotchets tn a bar. That shown above, S (J). Indi¬ 
cates that there ate six crotchets in a bar, but tumog 
the accents on alternate ewtdiotB—that is, a sub¬ 
division of triple lime, j, not compound duple where 
the accents are on the first and fourth. In Handel’s 
** Suite de Piece” the following combing tiime sig¬ 
natures ocour tn some editions: 


i 
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bnt the same result is obtained by either writing 
both parts in ^ time and marking the groups as 

triplets, or by writing both in J* time and dotting 
evei-y bass note, aim Time. 

Timldamente; Timore, Con; Timoroso {Mvslc). 
Timidly; with hesitation. 

Timpani, Tympani Kettledrums. ” iSct- 

Musical I.nstbuments, jf. 444. 

TinC^Am.) Sn. Atomic weight, 119. A w’hitc 
metal; melts at 232°; specific gravity 7-2i); very 
malleable, but becomes brittle at 2t)0°. It orj^sUl- 
lises easily : for example, by melting it, allowing ixirt 
to solidify, and pouring away the still liquid part, 
rhombic prisms arc obtained. The sound emitted 
by a bar of tin when it is l)ent is ascribed to the 
fracture of crystals in the interior of the bar. When 
tin is strongly cooled it changes to a grey powder of 
sp. gr. 6; this change is quickest at —48°. The tran¬ 
sition point for the two forms of tin is 20°. At 20°, 
and even for many degrees below, the rate of change 
of white to grey tin is \ery slow: but it is greatly 
accelerated by putting the metal into a solution of 
ammonium stannic chloride (KHil^SnCl,,, as white 
tin has a higher solution pres-sure in this Ilian lias 
grey tin, so tliat the change once stai-tcd will proceed, 
white tin throwing out grey tin from solution. Tiu 
is not oxidised in air at the ordinary t<*mpcrature, 
but it is easily oxidised on heating it in air or 
oxygen; the dioxide is formed on complete oxida¬ 
tion. The action of acids is as follows; Hot strong 
hydrochloric acid di.ssolves tin somewhat readily, 
forming stannous chloride and evolving hydrogen. 
Warm dilute sulphuric acid gives stannous oV stannic 
sulphate, acconllng as the tin or acid is in excess, 
and hydrogen is evolved; but with the hot concen¬ 
trated acid sulphur dioxide, sulphuretted hydrogen, 
and sulphur are obtained in place of hydrogen. The 
strongest nitric acid has no action; when suffi¬ 
ciently diluted it forms metastannic acid, H^SnjOjj, 
probably owing to hydroly-sis of previously formed 
stannic nitrate; the dilute acid forms stannous and 
ammonium nitrates. Aqua regia forms stannic 
chloride. Hot strong caustic soda or potash forms 
sodium or jiotassium stannate with evolution of 
hydrogen. Tin forms many important alloys with 
other metals, e.g. bronze, pewter, solder, gun-metal, 
bell-metal, Britannia metal («;« thege). It also 


amalgamates readily with mercury, and thi» amalgam 
was at one time largely used in making mirror^; but 
it is not used for this purpose now. 'Tm is exten¬ 
sively employed in the manufacture of tinplate, which 
is sheet iron coated with tin; the form of iron 
employed is rolled wrought iron or mild steel. The 
surface of the iron to be tinned must be very clean ; 
it is cleaned by immersing the sheet in dilute 
sulphuric acid, and then polishing it with sand and 
water. The tinning is effected by dipping the sheet 
in melted tin, the surface of which is protected from 
air by molted fat. In reality the tin alloys with the 
iron, and the alloy is far leas readily acted on by 
water than iron itself. Tin occurs cbieiiy as the 
dioxide SnO^ (tinstone; cassiterite) iq v.) To 
obtain tin the ore is cnishcd and washed with water, 
the stream of water carrying away much of the 
lighter impurity (sp. gr, tin ore = 6-5; ap. gr. 
rock = 2'7). The washed ore is dried and roasted; 
the roa.sting process converts sulphides to oxides, tlie 
sulphur eseapiug a.*, dioxide, and it removes arsenic 
in the form of the volatile arsenions oxide, which 
is condense*! in suitable chamber."'. If the ore con¬ 
tain much copper, the roasting is so conducted as 
to form as much copper sulphate as possible, which 
can be cxtracte*! with water,and the copper obtained 
I from the solution : if it contain tungsten, this is 
i removed by roasting with carbonate of soda in a 
reverberatory furnace, wlicn a s(»luble sodium tung¬ 
state is formed, and is extracted with water. The 
ore is once more washed, mixed with powdered 
anthracite, and reduced by heating it in a rever¬ 
beratory furnace. The crude tin so obtained is 
i |)tjrincd by placing it in bar form on the hcartli of a 
i reverberatory furii.ace and beating it gradually, so 
j that the easily fusible tin separates, leaving behin<I 
a higher mclring idloy fjf tin and other metals which 
I are not entirely removed in tlio prt>ceding processes, 
j This easier fused product is receive*! in an iron vessel 
i over a fire to keep the tin molted, and poles of w*3t 
I wood are plunged inf o it (“ ;x)liug t he object Isteing 
; to .agitate the metal, wiiich is tlien exposcil to air, 
I and the last tnaecs of oxidisable metals removed as 
' oxides which form a scum on the surface «ff the tin. 
j When cast the protluct. is known, as block tin : when 
luxated to the temt)ei'ature at which it becomes brittle 
and then broken up it forms grain tin. 

Tincal (df/'i.) Bobax. 

Tin Compoimds (6V*rv7i.) Tin forms Iw-o oxides— 
stannous *>xule, Snt), an*l stannic oxiile, KnO.. These 
oxi<les function both a.s basic and acid oxides. From 
I the first arc derived the stannous salts BnX,, and 
I the slannites MjSnO.,; from the second are derived 
1 the stannic salts SnX^, and the stannates M„8nO, 
X stands for a monovalent acid radical and 31 stands 
for a monovalent metal or positive compound radical, 
e.g. Nll^. iStaxnoos Oxide is a dark crystalline 
powder. When heated in air it is oxidised, but not 
completely, to the dioxi<le; it is insoluble in water, 
bnt soluble in acids, forming stannous saU.s. IV^on 
caustic potash solution, in slight exces.s, is added to 
a solution of Htann<un» chloride, a precipitate of 
Stankous Hydboxide, l5n(OH),j, ia'obtained, which 
when filtered and washed yields stannous oxide on 
boiling with water containing only a little caustic 
potash. The white precipitate of byjdroxide ob¬ 
tained above dissolves m excess of caustic potash (or 
soda), and the resulting solution contains a stannite, 
K,6nOg. The Staxxjtks are reducing agents. Thus 
they give a black precipitate of bypobismutborrs 
oxide BijO, with a solution of a bismuth salt, 
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they reduce dmoniam dblorides to' hydrocarbons 
(C,HjNsCl to CjHg), and they reduce uitro compoonds 
to azo compounds (OJIjNOg to CqHjN^C^j). Stak- 
Koxrs Chix>bidI3, Ba01(, is a white solid; pielts at 
250^; boils at 6 U 6 °. Its vapour density con'esponds 
to a mixture of Sa^CI^ and SnClj molecules except at 
very high temperatures, when it corresponds to that 
required by SnCl^ Ordinarily the salt is met with 
crystallised in small prisms containing two mole¬ 
cules water of crystallisation, SaClj2H,0. These 
crystals are soluble in a little water, but excess of 
water hydrolyses the salt, and a basic chloride, 
insoluble in water, but soluble in acids, is precipi¬ 
tated (Bn . OH . C1).^H,0; they are also soluble in 
alcohoh A solution of stannous clilorido absorbs 
oxygen from the air, giving the basic chloride just 
mentioned. It is lauch used as a reducing agent, 
e.g. it reduces silver, mercury, gold, and platinum 
salts to the metal, ferric to ferrous salts, nitro 
compounds to amines. When stannous chloride 
solution containing stannic oUloridc is used to reduce 
a gold solution, a precipitate known as purple of 
Cassius is produced which contains gold and stannic 
acid; but what form the union between the two 
takes cannot lie regarded as settled. Btannous 
chloride unites with alkaline chlorides to form doub 1 ^ 


salts such as (NH,)j 8 nCl^. Btannous chloride is used 
under the name o*f tin salt in dyeing and calico 
printing. The anhydrous salt can be prepared by 
heating tin in liydrochlotic acid gas, and the 
crystallised salt Bii(T,211/> by dissoliing tin in 
hydrochloric acid and evapomting the solution. 
BTANNOUS Bulpiiidk, BnB, is obtained os a grey 


crystalline solid by diiect union of its elements or as 
ns* a brownish black precipitate when sulphuretted 
hydrogen is pa.ssed into a .solution of a stannous salt. 
It is soluble in alkaline polysulphides forming 
sulphostunnates, <*.y. + BnB = (NII,\BnS,; 


strong livdrochlorio 


OxinE is a white pow<ler which can be 
obtained in crystals like the natural product, but 
small, by heating in a current of hydrochloric acid 
gas ; on heating it changes colour, becoming reddish 
brown at a high temiierature : melting iioint un¬ 
known ; insoluble in water or acids except snlplmiic 
acid wliich dissolves it, but tbe stannic oxide is 


precipitated unchanged on a<ldition of water. It is 
re<liiccd to the metal by strongly heating it in 
hydrogen, or with carbon (tee Tin), or easily by 
fused potassium cyanide. When fused with caustic 
soda or Tiotash it forms stannates. Stannic oxide is 
obtained by roasting tin in air or by heating any of 
its hydrates. Under the name of putty powder it is 
used for polishing purposes, in making white glass 
and in enamelling (rendering the enamel opaque). 
BtANNIO Hydbo.kides : The normal hydroxide 
8 n(OH), (/9-stauuicaoid)iwssesse8 both feeble ba*ic 
and acid properties—it dissolves in dilute acids to 
form stannic salts and in alkalis to form stannates. 


ItWa very unstable, easily losing water on heating. 
This hydroxide is obtained by adding a solution of 
a neutral salt such as sodium sulphate or ammonium 
nitrate to a solution of stannic chloride—-the chloride 
is hydrolysed by the water and the colloidal solution 
of the hydroxide is precipitated by the neutral salt. 
Another hydroxide, H^nO, (o-stannio acid), is ob¬ 
tained by adding calcium carbonate to a solution of 
stannic chloride or by adding hydrochloric acid to a 
solution of an alkaline stannate. Its properties are 
similar to those of the normal hydroxide. A thW 
hydroxide known as metastannio add (H,SnO|^" is 
obtained as a white solid by the action of strong 


nitric acid on tin; It has feeble add propertidt, 
forming salts with alkalis. > (Hi heating, it ,|^ves 
stannic mcide. It is insoluble in stream adds but 
combines with them, giving compounds which dissolve 
in pure water. Bodium Stannatb, Na^oO, obtained 
as mentioned above, crystallises well from Water 
with three molecules water of orystailisation. It is 
used in calico printing under the name preparing tndts. 
Stannic Chloiude, SnCl^, is a colourless liquid; 
boils at 114°; has a normal vapour density; fumra in 
air. With water it unites to form several distinct 
hydrates—s.y. SnOl^SHjO, SnCl 46 HjO, SnCl^SHjO— 
all crystalline solids. It dissolves in much water 
with partial hydrolysis—this is shown by tbe fact 
that on distilling the solution unchanged stannic 
chloride passes over with the steam while stanuio 
hydroxide separates from the boiling solution; the 
hydroxide also separates on allowing a dilute solution 
to 'Stand. It unites with hydrochloric acid and 
water in nearly theoretical proportions to form the 
well crystallised acid H^SnCIg.dHiO (ohlorostannic 
acids); a number of double chlorides may be regarded 
as salts of this acid— e.ff, ammonium stannic chloride 
(NHJ.jSaClj, which is formed by mixing solutions 
of the two chlorides and crystallising; it is soluble 
in three times its weight of water at 15°; it is used 
as a mordant in dyeing under the name of pink 
salt (tee also Tix.) A similar compound is formed 
by aniline (CgHjNH,)jSnClg. Btannic chloride is 
easily prepared by dLstilliug tin in a retort in a 
current of dry chlorine and redistilling the product 
over tin filings. The chloride in the form of its 
pentnhydratc (oxymuriate of tin) is much used as 
a mordant in dyeing. Btannic Sulphide, SnS, 
(mwaic gold) forms golden yellow leaves when 
obtained in the dry way, or a dull yellow powder con¬ 
taining hydrated stannic oxide when prepared in the 
wet way. The crystalline form is not soluble in hot 
concentrated hydrochloric acid, but the amorphous 
form is; both forms dissolve in alkaline sulphides 
forming sulphostannatcs, 

SnS, X ( 1 TH,XS =(NH,),SnB,; 


both forms dissolve in alkalis, forming a mixture of 
stannate and sulphostannate. The crystalline form 
is obtained by subliming a mixture of tin filings, 
sulphur, and ammonium chloride, when the latter 
alone sublimes and leaves the stannic sulphide 
behind; it cannot be obtained by heating sulphur 
and tin together, for so much heat is evolved when 
the reaction is started that stannic sulphide is 
resolved into stannous sulphide and sulphur. lu tho 
wet way sulphuretted hydrogen is passed into a solu¬ 
tion of stannic chloride. The crystalline form is used 
to imitate gohl. When an alloy of tin and sodium’’is 
heated with methyl iodide a colourless oil is obtained. 
Analysis and a vapour density determination show 
that it has the formula Sn(CH,).. This tin tetramethy i 
yields, on treating it with iodine, tin trimetUjl 
iodide, Sn(CH,),I, which is also a liquid. When, 
tin trimethyl iodide is acted on by caustic soda 
it yields a hydroxide, tin trimethyl hydroxide, 
Bn(CH),OH, which is a crystalline solid and behaves 
like a strong alkali. An optiewUy active tin com¬ 
pound has been prepared from tin trimetbyl iodide 
by tbe following series of reactions: 
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Tlie tia meUivlethylprop;! iodide is an oil which 
yields a salt; of «-campiMMulpbcmic acid on txeating 
it with silver a-cam^oitfilpbonate. The tin methyl* 
ethylpropyl-a-oamphotealpn<mate is a Crystsllme 
solid showing dextrorotation. The Isevorotatory 
salt is not obtained on concentrating the mother 
liqnor probably owing to the gnat ease with whidi 
it racemises. Many other organic tin compounds are 
known. 

TlnetoM (JTar.) The benddie term for colour. 
Sea HE&AiiDBT. 

Tine. The prong of a fork; sometimes the fork 
itself. 

Tinning (JUet.) Coating iron (or steel) with 
metallic tm. The plates are cleaned and dipped into 
baths of molten tin, which forms a thin and 
uniform coating over the iron, and serves to i>rotcct 
the latter from oxidation and to give it a bright 
surihce. 

(JPXum-b.) Covering the parts to be joined 
with a thin coating of solder. 

Tin Plates (Met.) Thin sheets of soft iron or mild 
steel, which have been coated with tin by a process 
of dipping. The sheets are drst cleaned by pickling 
(q.v.) and are then placed in a vessel or “ bath ” of 
melted tin for some time, then removed, redipped, 
and allowed to drain. The tin which solidifies along 
the lower edge is removed by the further application 
of beat, and the plates are then ready for sorting. 
This process is termed TiNKiNO. See aUo Tin. 

Tin Pyrites (Mm.) Also termed Staknikb and I 
Bell Metal Obe. A sulpliide of tin, copper, ^nd 
iron, usually with some zinc. Crystallises in the 
cubic system. Colour variable; grey when pure. It 
forms an ore of both tin and copper in localities where 
it Qconrs in sufficient abundance. Found in Cornwall 
and in the Erzgebirge. 

Tinstone (Mia.) A common name for Cassi* 
TEBITK ((7.0.) 

Tint (Iho.) A colour which has been lightened 
by the addition of white. The word, like sluulc 
(q.v.) and hue (^-v.), is often very' loosely employed. 
Any number of tints can be obtained from one colour 
by adding different proportions of white. 

Tlrasse (Mueie). The coupler. See Musical 
Xkstbumukts, pj». 442, 44b. 

Tire. A Ttbk (q.r.) 

T-Iron (Eag., etc.) Wrought iron in section the 
shape of the letter T. 

Titan C^ane (Eng.) An overhanging crane used 
in laying large blocks in the construction of break* 
waters, etc. A massive truck running on rails laid 
along the top of the completed part of the breakwater 
carries a vertira] axis or pivot. On this turns a 
large horizontal girder frame, carrying the engine 
and boiler at one end. Along this frame runs a 
travelling crane. The whole girder frame can bo 
rotated, giving, in the case of some modern Titans, 
a radius of action up to IGO feet. 

Titanle JLcid (Mia.) See Akastase, Bbookxte, 
■and Hutile. 

Titanic Steel (Met.) Bteel containing a small 
amount of the rare metal TiTAiausr. It is used to 
some extent for cutting tools, 

ntanUbFons Iron Ores (Min.) See Ilmesite. 


Tltlutiiim(f%m.) XL Atomic weight 4#’I. ^Kot 
known in pare con^tiont It has been ebtained pon- 
talning 2 per cent, of carbon by hmting an inti¬ 
mate mixture of carbon and titaninm dioxide lo a 
carbon crucible in the electric furpa49e (1000 amperes 
and 60 volts), removing tfae-orude metal so produced, 
and heating it again, mixed with titanium ffioxide at 
the same temperature. Bo obtained it is a very hard 
white metal: melting point unknown, but over 1^0°; 
sp. gt. 4-9; when heated in ox^en it burns, forming 
the dioxide; in the form of powder it buras in 
nitrogen at BOO”, forming the nitride; heated in 
steam to low redness it burns and the metal becomes 
white hot; it bums in chlorine at 325°, forming the 
tetrachloride TiCl^; cold dilute sulphuric acid and 
boiling concentrated hydrochloric acid give a violet 
solution and evolve hydrogen, the former quickly, the 
latter slowly; nitric acid slowly oxidises the metal 
to the dioxide. Titanuim occurs as tlie dioxide (tee 
Akatasb, Bbookitb, Hutile) ; as titanate of iron 
(ece Iluenitb); a.s calcium titanium silicate (tee 
Sphene). Titanium belongs to the carbon grou^ in 
the periodic system (q.v.) A few of its principal 
compounds are : Titanium dioxide, TiOj, is a white 
powder; when heated it becomes yellow then 
brown; melts in the oxyhydrogen Game; insoluble 
in water .and acids except hiit concentrated sulphuric 
acid, with which it forms a basic sulphate. On 
fusion with alkalis it forms titanates. It is also 
known in three different crystalline forms, of which 
one, tlio natural rutile, is isomorphous with tin 
dioxide; this form can be obtained by heating the 
artificial dioxide to a white heat with borax. The 
dioxide tarn be prepared by decomposing the tetra¬ 
chloride with water, neutralising with ammonia, 
evapwrating to dryne-ss and strongly heating the 
residue ; or ix)wderod rutile is fused with potassium 
carbonate in a platinum dish and the i>owdered 
melt extracted with dilute hydrofluoric acid; water is 
added and the whole is boiled and filtered hot. 
rotassium titanoflnoride, KjTlFjHjt), crystallises *ont 
and i.s purified by recrystaliisaiion. A solution of 
the puro salt is prccipiitated with ammonia, and the 
titanic hydroxide Altered,washed, and strongly heated 
gives the dioxide. Bydroxidcs corre6pon<ling to the 
silicic acids can be obtained—viz. orthotitaiiic acid, 
TI,TiO„ by decomposing the tetrachloride with 
aqueous ammotua. and metatitanic acid, H^TiO,, by 
boiling a hydrochloric acid solution of the ]>reeediDg 
compound—^they are weak acids. The titanates, e.g. 
K^TiO,, are obtained as mentioned underthe dioxide. 
Titanium tetracbloride, TiCl,, is a colourlcs liquid; 
boils at 136“; fumes in air; it is decomposed by 
water, tlic chlorine atoms being replaced on cautions 
addition of water one by one till a solution of ortho- 
titanic acid in hydrochloric acid is obtained. Ijkc 
stannic chloride it forms double chlorides with the 
chlorides of the alkali metals. It is obtained by 
passing dry chlorine over a heated mixture of the 
dioxide and carbon. No normal nitrate is known. 
Asesqnisulpliate, Tijj(SO^)^ is obtained when the mital 
dissolves in sulphuric acid—it fOTms a violet solution 
and is oxidised by nitric acid to the normal sulphate 
Ti(SOJ,. Various nitrides have been obtained ; the 
compound of composition TIN is obtained in bronze 
coloured masses when the dioxide is heated in 
nitrogen in the electric furnace (SOO to 350 amperes 
and 70 volts)—it is hard enov^b to scratob diamond. 
A carbide is known. Titanium cyanonitride, 
Ti(C?N)s,TijNa, is often found in blast futnaoes—its 
formation is due to the use of iron ores which contain 
titanium dioxide. 
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Title, ntle PuM iPrifU., PM,) U^iaelly tbe 
first imgo of a worJc, giving its name and tbe names 
of the author and publi8her> 

Titration (,Che».) See VoLriniTBio Akaxtbis. 

Tl (C^fim.) The symbol for Thalxtvm (g.v.) 
Tomi'§ Mjt Tin (Jf^fn.) Casbitabitb. 

Tobaooo (Potany). The dried leaves of Nitotiana 
idtaevm (order, ik>tanaeeie) is the chief source of 
tobacco, but other species of Meotlana are use<l. 
Latakia is furnished by JV. rustUa. Sec NicoTiKE, 

Toltine {B'Mt ’McMufce.) An extra warp, working 
Independeutly of the ground warp, making stripe or 
figure, flushing or floating over M)\eral picks. 

Tebln’a Tube ^Hygiene). A ventilator consisting 
of a vertical shaft rising to a height of about C ft. 
above the floor of a room. Tho air enters through a 
perforated grating at the floor level, and, after passing 
up the tube, ascends a few feet before mixing with 
the air of the room. Ibo shaft should be detachable 
from tho wall to facilitate cleansing, as it quickly 
becomes lined v ith dust and soot. &-e VENTILATION 
(under SANITATION). 

Toga (.Arrhmtl,) The chief outer garment of the 
ancient liomaub; a flowing wrap or mantle more 
volumiuoiui than the Greek himatiou (j'.p.) It was 
usually a woollen fabric and white in colour, but 
that worn by the Magistrates and the children of 
tho nobility, Togo pratextax hod a deep purple 
border; the Trahta worn by tho Knights (equitee). 
Augurs, etc., was ornamented with purple stripes. 
Toga pieta, worn bj Cousulb ami other high officials, 
was adorned with stars. The toga was wrom so as to 
leaic the right arm of the wcarcT free. Tlie right to 
■near it was cxclusivelv the priiilege of tho Itoman 
citizen. The Toga virilie was assumed by youths 
<n attaining the’ ago of fourteen, f/. STOiA and 
Valuum. 

Tdggle Joint (Png., etc.) A combination of levers 
by meiutb oi which great pressuiu can 1>e applied, 
flwo rislb arc binged together so as to make an 
obi use angle w iiU each other; one oi these reals is 
attached to a fixed supjwrt or pivot, tbe other to tlie 
iiiecimnisui to which the pressure is to lie ajiplied. 
Force is applic'd nt tho junction of the two khIs in 
such a mnunor as to loud to straighten the combina¬ 
tion, tV. to bring the two rods into line with eaih 
other; as the rods ai-c brougl t gradually into liuu 
with cacli other, a gmit and iucrrasiug pressure is 
exerted at the ends. The combination is used in 
certain forms of press in which a great piessurc hut 
only a small amount of movement is I'equired. 

Toilet Soaps. Floaps usually of superior quality 
made for toilet purposes from a stock or base of 
ordinary Lard soap, and usually moulded and scented. 
The stock is frequently a cold process soap, but 
whito cuid soap, coeoanut oil and rosin snaps arc 
nlstyjsed. Tlie base is ent up into small pieces and 
lemelted, ix?rfumo is then intrndnccil, and in tlic 
cheaper grades the cakes of soap are simply moulded 
from pieces out from the frame. In most toilet 
soaps, however, the procAjss of miUing is carried oid, 
i.e. the soap is iiasscd between rollers, wheucc it 
comes in fine ribbons, which are tlien perfumed and 
afterwards pressed w ith groat force throngli a milling 
machine, from which the soap comes in tlie shape of 
3, long firm bar. This is cut into pieces, which arc 
at once mouldeil. Tho largo variety of names given 
to toilet soaps depends principally upon the perfumes 
used or the oolooring. 


TokMi (Primt.) Tea qniies or ludf a ream of 
paper is a pressman’s token. 


fUnena (methyl benxenok 

A lAlourless liquid, boils at llO^, not miscible with 
water, smells like benzene, burns with a smoky 
flame. Induction sparks convert it into aoetyleoo 
and hydrogen. Forms sabstitatioa products with 
bromine and chlorine: (a) when tbe halogen 
acts pn boiling toluene In sunlight substituwn 
occurs in the side chain and with chlorine; for 
example, benzyl chloride C.HjCH.Cl, benzal chloride 
CglljGJin, and benzotiichloride C^HjCCli, are 
formed according to the amount of duorine passed 
in ; (b) when the halogens act in the absence 
of sunlight substitution occurs in tbe nucleus, 
ortho- and para-halogon substitution products being 


formed, e.g. 


CH. 

0 “ 


and 


0 


; (c) in presence 


Cl 


of a lialogen carrier bromine enters the nucleus 
entirely, but chlorine enters partly into the nucleus 
and parUy into the side chtun when the tohiene is 
boiling and eximscd to sunlight. On nitration with 
a mixtuie of nitiic and sulphuric acids (10 parts 
toluene and 10'.1 aucl 17‘o parts ordinary concentrated 
nitric and sulphurio acids) below 20° a mixture of 
nitrotoluenes is obtained (o —63 per cent., m—2 per 
cent., p —33 per cent.) After separating, washing, 
and (liying, it is distilled under reduced pressure till 
10 pet cent, has jiassed over—the distillate is 
tho pure orthft-compound, and the para-compound 
crysftllises out from the residue, and can be purified 
by pressing and crystallisation. With sulphuric acid 
it vieldH a mixture of ortho- and pum-sulphonic 
acids. In carbon disulphide solution toluene unites 
with chromj'l dicbloride (also in carbon disnlphido 
.solntiim) to form an addition product which is 
decomposed by water, forming lenzaldehyde (Etard's 
i-caction). Toluene is oxidiscfl to benzoic acid by 
boiling with dilute nitric or chromio acids. It is 
reduced by heating with fuming hydriodic acid to 
liexahydrotoluene. Toluene is formed as a product 
of tho’dry distillation of many different substances, 
e.g. balsam of tolu (whence the name toluene), 
dragon's blootl, woo<1, and coal. It is obtained on 
tho large scale by the fractional distillation of coal 
t.ir (see Gas Manufactube). In the laboratory 
it can be preimreil by Fittig’s reaction (g.v.), and by 
Friedel and ('raft's reaction (y.r.) 

Toluene, Toluol. /S^e Coal Tab Distillation. 

ToluidineB (t’/u m.) There are three 

of these, namely— 

CD, 

OrthotoMinc, 0*'”’ 


A colouilcss liquid, boils 
at 19»°. 

t! 


Metatolnidine, 


uir, 

• 0 - 


Paiatoluidine, 



Bbining white plates, melts 
at boils at 193°. 
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They are all obtained by reduction of the coixe- 
pponcling nitrotolucncs. (For tlie ortho- and para- 
nitrotolnenes, see TonuuifE.) Metanitrotoluen^ is 
obtained by converting paratoluidine into para- 
act'ttoliiidine by the action of acetyl chloride, 
nitrating the toluidide, hydrolysing, and then 
dmotising: 


CH, cn, cir, 

CTiJbci 

KU, Nlicocn, NIK 


IlCl 


NOj 

NHCOCII 



When the crude mixture of ortho-, meta-, and para- ■ 
nitrotoluencR (see TolL'CXE) is reduced directly, tlie j 
mixture of (ho three toluidiuos is technically known j 
as “ aniline for rod ” (see I’AKAKoSAKiLiXEh For | 
some purposes tho same mixture of the three is : 
separated by partial neutralisation with oxalic or ; 
sulphuric acid and erystiillisation, the ortliotoluidino : 
salts being the more soluble. The ortho- and para- | 
loUiidines are tery iiup(’irtant on account of their j 
application in making dyes (see PAKAnosAXlLtNE 
a/id llOBASiLlNE). Ortliotoluidino is somewhat 
volatile in .steam ; it.s solution in .sulphuric acid is 
coloured blue by chromic acid; bleaching iiowder 
solution and hydrochloric acid give a violet colour ; ■ 
it is a weaker base than paratoluidine ; it easily I 
forms an acetyl dcrivati\e, which on oxidation with ' 
potassium permanganate gives orthoacctylamino. , 
benzoic acid ; on nitration or sulphonation the I 
substituent takes the ortho position to the acetyl- | 
amino group. I’aratoluidinc dois not give the ; 
chromic acid and bleaching powder reactions; it 
readily forms an acetyl derivati\c, which is o.xidiscd | 
and siibstilutod like tlie ortho-compound. When ; 
nitration of either compound is cllected in pro-nuicc 
of sulphuric acid, the nitro group enters into positions i 
adjacent or jiara- to the methyl group, thus— j 

I 

cn, CII, j 

NIICOCH, 

gives 

NO, 




CH 3 

NO„j^^NIICOClT. 


CH, 


CII, 


0 0 “' 


NIICOCH, 


NHCOCH, 


The toluidincs undergo th® diazo-reactions 
like aniline. 

Tolaylene Red (Chm.) See I^kutbal Bed. 


Tolyl (Chem.'y A name given to the residue re¬ 
maining after taking away one hydrogen atom from 
the benzene nucleus of toluene. E,g. 



Orthotiilj I- 


CH, 

C 



MetatvljJ- 


CH. 

C 

Hck...JcH 

C- 

I’aiatoly]-, 


These groups only exist in combination. 


Tommy (Eng.') A small lever for inserting in a 
hole ill the head of a screw, etc., to serve as a handle 
by which the screw may bo turned. 

- (Print.) A small jjointod steel rod used 

for regulating bolt headed sot screws in a printuig 
machine. 

Tommy Hole (Eng.) The hole in which a tommy 
(q.r.) is inserted. 

Ton. St'C WEKtHTS AXD MEASURES. 


Tonal Fugue (Music'). A fugue that ha.s tho 
answer not in strict iiiiitutioii, but modified in order 
tf) avoid a departure from the key tonality. Cf, Beal 
Fugue. 


Example of Ioxal Fugue. 


Subject. 



*7 


Ks-aiiijsle 1 . 

IlASM-L. 


(ft) (<•) 


(«) (.0 



—- 

■Txzd-bpTz 


k 


^’onic. *• 


Answer. 


'Jr 

r -P-— - \ I 

■ 

-- 





: ■ rb: 



- 

L_ 

- 

try— 


Dominant. 


lliicfly stated it may be said that this modification 
is accomplished by having: 

(1) The Tonic and Dominant when ajjpearing 
prominently in the Subject answered respectively by 
Dominant and Tonic. See Example 1 (a) (b). 

(2) The IMcdiant, Bubdominant, and Bubmediaiit 
of the Tonic key answered by the corresponding 
notes of the Ikiminaiit key. See Example 1 (c) (d). 

(3) That jiai't of the subject which belongs to the 
Tunic key answered by the corresponding psirt o^. the 
Dominant key and vice versa. See Examples 1 and 2. 

(4) i'rominent intervals of a dissonant character, as 
e.g. the Diminished Beventh, etc., should be reproduced 
in the answer. See Example 1 (e), Example 2 (c). 

5. The Supertouic of tho Tonic key, sometimes 
answered by the Supertonic of the Dominant key, 
sometimes by the Dominant itself. Its dntyia the Sub¬ 
ject, i.e. whether it is the second of the Tonic key or 
the fifth of a Dominant key, must bo carefully ob¬ 
served and accordingly answered. Example 1 (/) 
shows the second of the tonic answered by the second 
of Dominant, whilst Example 2(a}(b) shows both. 
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c&ses of the eupertonic, and also further lllastratiens 
of the above rules : 


Example 2.' 

Snhieot. Chkbcbisi. 



It may be notieed tliat Cherubini in the second bar 
of Example 2 answers the Uominani by the Tonic, 
but treats tlic notes between C and A as auxiliary 
notes as if the passage were simply 



hence the Subfloniinant fl>) is not answered by the 
fourth of the I)(iiuinant ^F), but by E, and the figure 
at the beginning of the bar left unaltered. Many 
exee]>l ions to these rules may be found in the works 
of the great composers, but it will bo observed that 
the exeeptions are. fully justitied by the preservation 
of the ehameter of the fugue. See also Fugtte, 
Tonic Sol-i’A, p. 778 b. 

Tonality {Paint.} The system of tone.s or colour 
scheme of a picture. Cf. C'hiauoscubo. 

Tone {('hrmnaties and Painting}. (1) The 
brightness or luminosity of a colour. (2) A quality 
of colour ; a tint or sliadc. (S) The effect produced 
in a picture by the management of light and siiade. 
See CHiABOSCuito. 

— (Mvsie}. (1) The interval between two sounds 
bearing the vibration ratio 8 :!) as C.D., or 9; 10 as 
D.E„ the former being called a major tone, the 
lattft a minor tone. A tone represents the larger 
steps of the scale, the smaller steps being called 
semitones (half-tones). See HcAus. (2) The quality 
of a sound, its timbre; hence there is full, thin, 
reedy, woofly, nasal tone, etc. (3) The Gregorian 
modes, as the 6th tone, etc. 

— {Photo.} The colour of a finished photograph. 
In some processes this is dun to chemical action 
supplementary to producing and fixing the picture, 
e.g. the reddish hue of ordinary silver prints is altered 
to a more agreeable tone by means of a solution of 
which the principal agert is chloride of gold. 


Tone (Sound). A single soimd of definite pittSt. ' 
An ordinary musical Kotb is composed of one 
principal tone, the Fiindahental Tone, accom« 
paniecl by others, the overtones (<?.».) 

Tonea, Combination (Sound). See CoHBiKATiotr 
Tones. 

Tonjfa (Botany). A medicinal preparation made 
from Epipremnum mirahile (Aroidcee) and Premna 
TatUnsis (Verhenaeece). Used as a specific for 
neuralgia. 

Tonga. A form of tool used in a great variety of 
trades for holding objects which cannot be held in 
the hand. Tongs generally consist of two levers 
of the first kind hinged together at a point close to 
the jaws, e.g. blacksmith's tongs, crucible tonga, etc., 
or two levers of the third kind, connected by a spring 
or a hinge at the end ui>posite to the jaws. 

Tongue (Oarp. and Join.) (1) A projection to fit 
a groove. (2) A thin slip of wootl, straight or cross 
gnained, which fits into grooves ploughed in the 
edges of two boards which it is required to join 
together edge to edge. 

Tongueing (Carp., ete.) Joining boards by means 
of a Tongue {q.v.} 

Tongue Joint (Carp.) A joint made by means of 
a Tongue (q.v.) 

- (Ewj.) A welded joint in which one piece 

has a V-shaped slit, the otlier being bevelled off so 
as to fit into the first. 

Tonio (Musie). The technical name of the 1st 
degree of the scale ; the keynote. 

Tonic Major (Music), llic major scale having 
the sa^riie Toiiic as the minor, but a different signature, 
as G minor, C major. See Ksv SlONATUBB. 

Tonic Minor (Mnsic). The minor scale haring the 
same Tonic as the major, but a different signatme, 
jis (i major, (!. minor. Cf. Relative Minob. 

Tonic Sol-fa (Mnsie). A system of musical nota¬ 
tion, founded on a method of teaching singing by a, 
Norwich lady. Miss Elizabeth Glover, and advanced 
by the late Mr. John Ciirwen. This system first 
attracted public notice in the middle of the nine¬ 
teenth century, and, in order to give permanence to 
the system, the Tonic Sol-fa College was founded in 
1869, and was incoiqjorated in 1875. The tonic sol-fa 
system is adopted in a great number of elementary 
schools, and amongst its chief principles may be 
mentioned the ‘"Movable Do'* or keynote relation¬ 
ship—hence th.e word tonio, the presenting of music 
by letters instead of notes, with its accomjHinying 
method of indicating time duration and the teaching 
by mental effect and not by absolute pitch. The 
scales are presented in separate columns on a chart 
called a modulator, the scale of C being in the centre 
column, and the scales with fiats on the left and those 
with shar]]s on the right. The tonic sul-fa method 
lays great emphasis on teaching from mental effect 
and of fixing the scale tones by chordal teaching, i.e. 
by firmly implanting the key tone and then building 
up in succession the notes d, m, s; s, t, r; and, lastly, 
f, 1, d to complete the scale, and it is in this that the 
modulator is of great use. It has indeed been said 
tiiat the modulator is the backbone of the system. 
In the centre column the major scale is shown in 
capital syllables Uoh, Ray, Me, Fah, Soh, Lab, Te, 
Doh'. The melodio minor mode (scale) consists of 
the syllables Lalx^ Te„ Bob, Ray, Me, Ba (pronounced 
Bay), Se, Lah. It will be noticed that chromatic 
fiats are expressed by altering the vowel sound into a. 
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e.^. ra, ta (pronounced raw, taw), etc, and cbxomatic 
nharps have the vowel sound changed into e, e.g, de, 
fe (pronounced dee, fee), etc. Bacef^ons to this 
manner of naming occur in the following cases: Dob 
fiat is do, fa flat is fu, me sharp ia and te sharp 
is ty. The pulse (beat) always occupies the same 
amonnt of space in a oumposition, not as is found in 
the staff notsdion, e.g. 









in tonic sol-fa notation wonld be: 

Key C. 

Id I sr In it |g.l;Bjrin :d |d‘ 


{f 


It will be seen from this example that a line, —, in¬ 
dicates a prolonged sound, whilst a rest is indicated 
by a blank space. The longer upright line shows the 
strong pulse, tiie shorter upright line tl»e medium 
pulse (middle of the measure), whilst the other pulses 
are shown by a colon. A single dot shows a pulse 
divided into halves, a com tna into quarters, and a comma 
turned to the right into thirds. l)oh (d) always 
stands for the keynote; it is therefore necessary t o 
state the pitch of J>oh at tlie beginning, e.y. key C, 
key F, etc. In the minor mode the key is expressed 
thus : Key Ej>, L is C, signifying the key of C minor. 
When a modulation or transition of one or more 
removes occurs, the new key ia shown, and attention 
called to the new tones on tlie right if to a sliarp key, 

i.c. to the ri^lit on the modulator, thus: Key G. 

A. t. m. Tins is oaUed a transition of two lemovcs 
(to a sharp key). If the transition is to a fiat^key, 
t.e. to the left on the modulator, the new tones are 

placed on the left, thus: Key A.d. f. G.; or 

Key B.s, d, f, D, Z is li. These are respec¬ 

tively calle<l a transition of two, and of three remov es 
to a flat key. The pitch of sounds is taken from 
middle C (o.v.) to the B above accordiug to the key ; 
and from this note to the leading note, t. above the 
letters are unmarked. The octave or replicate above 
is written thus: d', r', m', etc., and the next octave 
d*, r®, m®, etc. The octave or replicate below the 
unmarkeef octave is written dj, r„ mj, etc., and the 
octave below this d„ r,;, m^, etc. The following 
example will show this manner of writing: 



KbtB. 45. 

4 r ti d 6t ni Bi Bj d| 

In order to avoid unnecessary octave marks, it is 
customary to write tenor and bass parts au octave 
higiter than they are—hence if d In the soprano 
represented 


-e#- 


in the tenor and bass the same d would represent 


The following^ example shows the ** exposition " of 
Bot-h’s Fugue in O mluor iu score and in tonic sol-fa 
notation: 

Fugue Ko. IS.—>** Pas'Webts!a)Mrlrt* KtaTler." 

i. 8. Bacb. . 

K*y By. Zah u G. M. 80. 
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Tbe fonic Sul^a College is situated ia Finsbaiy 
8qiua«, Ixyndon, and ^xmsists of a president(lfr. John 
tipenoer Curwen, Mdt.A.M.), two treasazers, secre¬ 
tary, and a council composed of six handworkers, 
nine clerks and other amstants In barin^tses, six 
masters engaged in commercial pursuits, six school 
teachers, nine professional musicians, six fellows of 
the College, three ministers, three engaged in literary, 
scieutliic, or artistic pursnits, and six honorary mem¬ 
bers, Its objects are to issue certificates, grant 
prises, correct exercises, deliver lectures and lessons, 
and for the educational improvement of the teaching 
of the method, • W. W. 


Toning (Phato.") Altering the colour of a print by 
the partial snbstitntion of gold, platinum or some 
other metal for the silver of the image, or by forming 
a compound with it' which imparts a more pleasing 
colour to the photograph. 

Tonne. See Weightb and Meastjbes. 

Tongidn Bean {lietaHy). The flagrant seeds of 
Dij/teryx (order, Legvminotec) arc used cither 

in the form of a powder or as an extract in perfumery. 

Tool. A general name applied in trades and arts 
tD an implement n.sed in or by hand, as opposed to a 
machine; also to the actual cutting or operating 
jtortion used In conjunction with certain machines, 
e.g. the actual cutting implement or “ tool ” used in 
a slide rest lathe or planing machine. 

-(Zfec.) A small brush used by painters and 

decorators, especially one for painting window sashes. 

Tool Box {Carp., Eng., etc.') (1) A box for storing 
tools. (2) The part of a machine tool by whicb the 
cutting tool is actually held. 

Tooled {Jfind.') The terra applied to the cover of 
a book that has been ornamented by means of heated 
tools, etc. See Blind Tooling and Tooling. 

-^ (_Bulld.) The term applied to stonework in 

which the tool marks on the surface arc piirallcl, and 
extend across the whole width of the stone. The 
external surface of masonry is often finished in this 
manner. 

Tool Holder. A Ourrsu Bab (^.e.) 

Toolli^ (rirfs). Kkilled work accomplished by 
means of a tool, especially cai-ving. 

- (^Bind.) The ornament effected on the cover 

of a book by means of heated tools, etc., either in 
•• blind" lines (see Blind Tooling) or in gold. See 
al$o Bookbinding. 

Tool Post {Eng.) A simple form of tool holder 
or tool box used in small lathes; it consists of a 
projection from the upper part of the slide rest {q.v.) 
having a slot in which the shank of the tool is 
placed, and a set screw wliich holds the tool firmly 
in place. 

!ro<d Smith {Eng.) A workman who forges and 
tenipers the metal cutting tools used in an engineor- 
ing'sbop. 

Toothed Core Dieke (Meet. Eng.) Disks of soft 
sheet iron, in the circumference of which are notches 
whi<^ form a series of parallel grooves in armature, 
etc., w’ben built up. In these grooves the oondnetors 
forming the windings ore placed. 

Toothed Vheels. See Qkab Wheels, etc. 

Toothing (Build.) The projecting bricks left at 
the end of a wall, in order to form a bond for a 
second wall which is to bo built on to the former. 


TDOthti||g(£hnLayuf JWa.) . Boiigldng themirlhpo 
of wide pieces of wood that are to & glued 
to enable the surface to hold the glue and itt^duce ar; 
strong joint. 

Teeth Ornament (AreUteet.) The chameteristiG' 
ornament of the Early English style, 
generally used in hollow nmuldings. 

It is also known as the Dog Tooth 
ornament. 

Top (Woellen JUanufao.) 

Combing. 

Top end Bottom Tools (Eng.) 

Hwages (q.v.) used in shaping forgings Toom 
which cannot be conectly finish^ by OssAitsiirT. 
the hammer alone. 



Topac (Min.) A fluo - silicate of aluminium, 
[A1(0-F,)] AlSiO,, orthorhombic; in attached or 
eml^aded crystals of yellow, grey, or blue tints, 
sometimes colourless. Hardness » B. Most of the 
pink topaz is produced by the slow heating of the 
yellow varieties. Good specimens are mucli used In 
jewellery. From several localities in Cornwall. 
Beautiful blue ciystals from Banffshire and Aber¬ 
deenshire, the Mourno Mountains, Siberia, Ceylon, 
Brazil, ctL See aim rBECloUS STOKES. 


Topazoiite (Min^ A transparent greenish garnet. 
See I'BBcious Stones. 


Top Card (Eng.) An ludicatoi diagram (q.v.) 
taken from the upper end of a cylinder, or from the 
end nearest to the crank. 

Top Face (Moulding). The surface of a casting 
whicU^is uppermost in the mould, 

T<^ Iron (Carjf., etc.) The upper or non-cutting 
portion of the double plane iron, used in the larger 
planes, such as tbc trying jack and smoothing planes, 
it serves to stiffen the cutting iron and to deflect and 
break the shaving as it is produced by the former. 

Tdpler Pump. See Aib Pumps. 

Top Part (Foundry). The upper part of a mould¬ 
ing box or of a mould. 

Topping* Taking off the points of those t^th of a 
saw which project too far. 

Top Rail (Carp, and Join,) The highest rail in 
any kind of framing. 

Top Rake. The slope of the upper surface of 
a tool immediately behind the cutting edge. 

Tc^ae (Ce*t.) A silk or velvet can without a brim 
or with a very narrow brim, genemlly adorned with 
a plume. Worn extensively in the sixteenth and 
seventeenth centuries by both men and women, and 
at a later period in Franco. A conical headdress, 
richly ornamented, worn by the Doge of Venice, 

Torbanito (Min.) A hydro-carbon mineral found 
at Torbaue Hill, in Scotland, used in (;as nuking on 
account of the large volume of gas it yields. Of 
historic interest as having given rise to a famous 
lawsuit to determine if it were “ coal” or not. 

Torberalte (3/ia.) A hydrou.® nranium and copper 
phosphate, CuO . 2UO,. 1 jOj . 8H„0, tetragonal; in 
tubular crystals of grass green colour. The crystals 
easily cleave into thin IaminA», hence the mineral is 
sometimes called Uranmica; from its composition it 
is also known as Copper Uranite. It contains about 
tiO per cent, of uranic oxide, and gbout 15 per cent, 
of phosphoric acid. From Devon and Cornwall; 
Saxony, Bohemia. 
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Topchlng (SwiM.) riasterhig^ the underside of 
tiles on a roof, when fixed on battens. 

Tornadoes {^(el^rol.) Low pressure areas of 
intense energj but of limited extent. They are 
aasocfatcd 'With very strong- winds, and caimMe of 
. ddinl an immense amount of damage. 

TorqiQO CAroheeol.^ A convolute metal ornament 
forming a collar or a bracelet. Such an ornament 
was. worn by the Gauls round the neck and by the 
Anglo-Saxons on the arms. 

.- (Pkys., Eng., etc.') See TVBning Momkjtt. 

Torricellian Taeuum (2*hffg,) The vacuum above 
themeremy in a mercurial barometer. 

Torridonian Rocks {&eol.) See I'be-Cambihas 
Bocks. 

Tbrrid 2one (Asfm*.) See Tbopics. 

Torsion. Twhsting, or the effect of twisting; the 
term is applied e.xpecially in plivsics and engineering 
to the twisting of a piece of a material by a couple. 
See Torsios, Elasticity op. 

Torsional Pendulum If a heavy mass, 

suspended from an ohustic fibre, be twistc*! through 
a sniall angle, and then set free, it will perform .a 
series of siinifie harmonic oscillations about its 
position of rest. If K be the moment of inertia 
(g.p.) of the solid about an axis coinciding with 
the direction of the susjscnding fibre, and <J be the 
restoring couple brought into play by the fibre when 
the mass is turned through a unit angle; then!', the 
time of vibration, is given by the formula 

/X 

T 2w V C 

Torsional Stress. A twisting stress, or stress 
produced by the application of a couple (j.r.) 

Torsion Balance {Phys.') An instrument for the 
investigation of tlie laws of electric and magnetic 
forces. The charged bodies (or poles) are at the end.s 
of a horizontal rod, suspended by a fibre of silk, a fine 
wire, etc. An electric (or magnetic) force applied to 
the end'turn.s the rod through an angle, and tlic 
magnitude of tho force is pro)>oitional to the angle 
through which the top of the fibre must be turned in 
order to bring the rod back to tho original position. 
In order to measure this angle, tho top of the sus¬ 
pending fibre is attached to a graduated head, which 
can be turned through any required angle. An 
instrument on a sirailar principle was used by 
Cavendisb (1797-8), in his experiments on the density 
of the earth; two leaden balls, 2 in. in diameter, were 
fixed at the ends of a rotl 6 ft. long, suspended by a 
copper wire abont 40 in. long; the attracting mas.ses 
were two leaden spheres 12 in. in diameter, whicli 
could be placed nearer to, or farther from, the small 
spheres, thereby setting up a displacement due to the 
attraction between the large and small ma-ssc-s. The 
amount of this attraction was deduced from the time 
of vibratioa of the suspended system. This experi¬ 
ment has been repeated with a greatly improved form 
of apparatus by Boys (1893), the attracted masses 
being suspended by a fine quartz fibre. 

Toraion, Elaatieity of (P%«., Eny., ete.) If one 
end of a thin tube Ire rigidly fixed and the other end 
bo twisted by a couple {q.v!) then tho stress produced 
in the tube is of the nature of a 8 h eab (j. e.) In the 
figure, the lower end of the tube is supposed to be 
fixed, and' the upper end twistbd until the lino 


originally at o a Is tamed into the position o A’, or 
through an angle-which is tenned the A>'OL& of 
Toksiox, Then the line B A is 
twisted into the position B Al, or 
through an angle tft. The shear la 
then equal to this angle. If the 
actual amount of tangential force 
applied per unit area to the upper 
end of tlie tube be q, then we have 
Cocfllciont of Elasticity of 

Torsion 

0 • 

This Coefficient is also termed the 
Simple Kigidity. See alto Sheab. 

In the case of a solid round bar 
(such as a shaft) the calculation 
of the coefficient deijends ui>on 
diriding up the bar into imaginary 
concentric tubes, each of infini¬ 
tesimal thickness,and then effecting 
n summation of tlie results by the 
Integral Calculus. This is one of the most important 
cases in practice ; if 1 be tho length of the shaft, 
r the raitius, 0 the angle of torsion, and T the 
applied couple by which the shaft is twisted, then 
we get the result 

T == !r.r!?c 
21 

That is, tho Angle of Torsion is i roportional to the 
couple which is applied, and inversely proportional 
to the fourth power of the radius of the shaft. 
Hence a small ii.crease in diameter means a very large 
increase in the power of the shaft to resist torsion ; 
if w'o double tbe diameter, we increase the resistance 
whicli the sliaft c.ffers to torsion to an amount w hich 
is sixteen times its former value. 

The Simple liigidity of some common materials is 
approximately : 



8-3 


.‘{•S 


Steel 

Wrought Iron 
Brass 
(Quartz Fibre.. 2-9 

Torus (Architect.) 
principally used in 
classical architecture. 

Tosring (fi/cf.) Oxi¬ 
dation of the im¬ 
purities present in tin 
by lifting the finid 


10" dynes per sq. otn. 

JO" 

ft 

10 " 

A large convex moulding 


Touus. 


metal in ladles and pouring it back into the con¬ 
taining vessel; by this means the metal is expo.sed 
to tho action of the air. 


ToBto (Mneie). Bather. It is the equivalent of 
Quasi (q.v.) 

Total Characteristic Curve (Elect. Etig.) See 

Dynamo. 

Total Eclipse (AHtron,') See Eclipse, SoCab. 

Total Heat of Steam. The amount of beat 
necessary to raise unit mass of water from the 
freezing point to the temperature at which it is 
evaporated, and then to turn it all into steam at 
constant pres.sure. Using the pound as unit of mass 
and degree Folireobeit as unit of temperature, the 
tobil heat of steam at f°F. is given by the formula 
H - 1091-7 + -306 (P - 32“) 

Using the gram and Centigrade degrees, this becomes 
H » 606-5 + -mt 
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Tbefle are Bognaalt’s ralucaj but modern researcb 
(su^^Bts that the value 

H = 59G + -soot 
is probably more correct. 


Trabeated (Arohittat.) (1) A 6 i 9 ’le>of aro!}iteotti>e 
in which columns and lintels are the prmci]^ 
structural featares. (2) Furnished with an entail 
tare. 


Total Internal Reflection {Light'). It a ray 
travelling in one medium striko tho surface separating 
that medium from one less dense, it will not emerge 
from tho denser medium if tho angle of incidence 
exceed a curtain value. If tho angle of incidence, i, 
bo such that sin i /u, the index of refraction from 
the first medium to the second, then i is termed the 
C'uiTiCitn AN(;lr (g.r.y The ray in this case glasses 
along the surface of separation of tho media. If 
the angle of incidence exceed i, the ray is entirely 
reflected at the surface of sejiaration, the angles 
in this case following the laws of reflection. This 
phenomenon is termed Total iKTRUifiAL Uerlbc- 
TIOX. 

Total Reflection. *^5-c Total Inteiinal Reflec- 
TJON it ad CRriTCAL Angle. 

Touch (Plumb.) Tallow used in iilumbing. 

Touch Box (Plumb.) A Ik>x used by plumbers to 
keep tallow in. 

Touch Hole {Eng.) A name sometimes applied 
to tlic cjpc-jiing in the cylinder of a gas unpno 
tlirongli wliiuh ignition is ^ ultcctcil. See CiAS 
K.voines. 

Tough Pitch. See Copfeh ami PoLixu. 

Tourbillon (11 afcAc*). A rotary carriage contain¬ 
ing the c'seapemeut. It lurn.s continuously round 
inside the uatcli in some short interval of time, so 


Traoevy (Arehiteet.) The ornamental pierced 
stonework in the bead of a Gothio window.^ ThQ 


same name is also 
given to similar work 
executed in stone or 
wood in canopies, ete. 
Sec IlAB Teaceut, 
rr-ATE Tbaceey, 
and Flamboyant 
Tracbby. 

Trachyte (Geol.) 
Eruptivonx'ks of sub- 
acid comjiosition (GO 
to GS per cent, of 
silica) which liave 
conholid.itcd under 
smaller pressure than 
the corresponding 
jdntonic rock of 
similar chemical com¬ 
pos i lion (syenite), 
and therefore are not 
entirely tryslalhiie 
throughout. Thechief 
minerals occurring 
in Trachytes are 



Orthoclaso, and certain other Felspais (g.v.), Ilorn- 
Idende, and Hometiincs Augite, Hica, Magnetite, eto. 
Quartz .so ■ctimes occurs; the rock is then termed a 


QuabJz Tuacuyte. 


that the watch rccouls the mian rate of the dilTerent 
vertical pobilion*', thus iiractically removing a 
troublesome source <;f error, t'f. Kaehusll. 

Touvmaline (J/<A.) A silicate of boi on. aluminium, 
and (niagticsium, iron, lithium, potash); comi^usitiou 
very eom])lcx. llboiuboliedial, uilb tho prisms 
geiwrally triangular. I’olour very variable, from 
black (Schorl), dark blue, given, jiiiifc, to eolourlcss. 
The varieties rulKllite, iudicolite, ilraziliau sapphiie, 
liruziliun eiaerald, and pcritlot of (’03 Ion are men¬ 
tioned under ruECious Stones. Finer viu'icti^ nio 
used in jewellery, and arc found in t'<-ylon, Siffcria, 
brazil, and Ava. Common varieties are veiy widely 
distributed. 


Tracing. A copy of a drawing made on trans- 
1 ])areut jiaper or tracimr cloth which is laid 

I ovi'r the original, the lines bt'ing then drawn exactly 
I over those of the original dmwing. 

! Tracing Cloth. Smooth tiausp.arcnt linen on 
which a tracing (g.r.) is made, it is sized on one 
side. 

Tracing Machine (Joinery, ete.) A machine for 
cutting or carving ornnincnlatiun on woodwork. A 
cuttor is earned on the end of a swinging arm which 
j is guided by some form of tcmjdatc; this cutter 
I roughs out tho carving very rapidly and with very 
little attention. 


Tourmaline Forceps (Pbys.) A dot ice for holding 
a crystal, etc., Iwlwccn two jdates of Tounualme 
(^.r.) w’hich servo as a jsflaiiser and anal 3 'ser 
rcb])eutively in simple observations on polarisation. 
See rOLAKISATION. 

Tourney Helm (Arm.) A form of helmet worn 
in the tourneys of the fifteenth and sixteenth 
cenlnries. The face opening was large and was 
prolooSod by light iron Iwirs fixed transversely and 
having spaces between. </. Tilting Helmet. 

Tow (Lima Mannfae.) In tho process of dressing 
flax it is combed or b.ickled. This draw s ont all the 
short, twisted, and broken fibres, wliicli arc called 
Tow and ore carded and spun for coarse yarns and 
ropes. See Lism Manufactubs. 

Town Reftue. See Waste rsoDUCTS atid Banz- 

TATIOM. 

T-pieoe (Eng., etc.) An object (c.y. a branching 
pipe) of the form of tho letter T- 


Tracing Paper. Ordinary unsized paper coated 
on one sale with a varnish of < 'anada balsam and 
turps, or treated with wax ; u->od fur making a 
tracing (i/.t*.). 

Track Circuit Signalling (Cieil Eng.) Sec- 
llAILWAYS. 

Tracker (Mti-eie). A thin flat or round strip of 
wrood u.sed in the nieclmnism of the organ, for pulling 
the piill-dowm wire or for conveying leverage from 
one part to another. Sb-e t>Ra.‘N, jk 435). Tho 
tra<‘kcr differs from the sticker in having to pull 
whilst the sticker always pushes. For this rcobon 
each end of the tracker is provided with a screw 
which when being passed thiougU the backfall or 
roller arm or other lever is held in position by a 
leather button. 

Traction (Eng.) 'The drawing or pulling of 
vebiules along a road or track, ike aUo Electiuo 
Tbaotzon and Uazlways. 
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TraetioB Eo^ioe A fom of Icoomotive 

adapt«>d fur use on common roads. The most usual 
form lias a boiler of the locomotive type (tee Boiutss) 
on top of which is mounted a horizontal engine with 
one or two cylinders. The engine is carried on font 
wheels, the two front ones being small and mounted 
on a bogie under the smoke box, so that by turning 
the bogie by means of suitable gear the engine can 
be steered. The hind wheels ftre large, and the 
motion of the engine is transmitted to one of them 
by means of toothed wheels. These wheels can be 
thrown out of gear, so that the engine can be used 
as a stationary engine when required, tfao power 
being taken from the crank shaft of the engine, 
which is provided with a driving pulley. A heavy 
flywheel and a governor are also fitted, completing 
the equipment necessary for a stationary engine, as 
distinguished from a locomotive. 

Traeihre Foree (Alsy.) The force necessary to 
draw a vehicle on a level surface, i.e, to overcome 
frictional resistance. 

Trade Wastes. See Wastb 1’roducts. 

Trade Winde (Meteorol.) Prevailing winds 
occurring in tropical regions, due to the rush of cold 
air from cooler zones lying to the north and south. 

If the earth were at rest, these winds would blow 
nearly due N. and S., but in consequence of the 
earth’s rotation they are displaced and apx>Gar to 
come from the N.E. and S.E. 

Tragaeamth, Gum Dragon, or Gum Tragacanth 

(^Botany'). A natural exudation of gimi from the bark 
of the stem of several spiny shrubs of tbc*genus 
Attrayalua (Leyutiiinom'). Native to Asia Minor 
and the surrounding districts. Used in pharmacy, 
in the textile trades, and as a mucilage in marbling 
the end papers and edges of books. See CiUms. 

Trailing Axle, Springs, Wheels, etc. (A'ny.) The i 
hinder axle, wheels, etc., of a locomotive, i.c. tlio I 
wheel, etc., situate behind the driving wheels. 

Tndllng of a Dyke (Geol.) See Heaves, 

Trails {AetroH.') If a camera be pointed to the 
sky on a dark and clear night, the images of the 
stfirs on the photographic plate will not be points 
but arcs, called Star Trails. Shooting stars also 
leave trails in the sky for a few seconds. 

Train (CloeJtt and WateJie*). A system of toothed 
wheels and pinions. In ordinary clocks and watches 
the slowest, or first wheel of the train counting from 
the motive power, is called the Main or ({beat 
WBE3EX ; the second wheel of the going train usually 
carries the minute hand and is called the Centre 
Whe^. (In those required to go longer than the 
nsua^eriods, one or more wheels ana pinions aio 
interposed between the great wheel and centre 
pinion; these arc called Intermediate Wheels and 
Pinions.) The centre wheel drives the third pinion 
to which the third wheel is fixed; this latter drives 
the fourth pinion which carries the seconds band 
and turns once per minute. In clocks, the fourth 
pinion generally carries the escape wheel, but in 
watches, with their more rapid vibrations, the fourth 
wheel drives the escape pu^on to which the escape 
wheel is fixed. 

—— (Bng.) Aset of raoviiig parts connected 
toigetber; ay. a set of toothed whbels gearing tc^ther. 


Train of a Oomei (Asfovn.) See Tail or a. 

Comet. 

Train OiL A term oommonlir applied to the oil. 
obtained from the blubber of the Bight Whale 
(BaUena), and from certain other opecies. It is 
used for lubrication, but is greatly inlsrioir to sperm 
oil. 

Tram (Mininy). A box-like four wheeled vehicle 
ruuniug on tram lines; used for transporting coal 
below the surface of a coal mine, or for conveying it 
from the pit month to the place of shipment. AUtr 
termed COBS’, SKIP, and Tch. 

- {S»ik Maau/ae.) Silk doubled and lightly 

spun, us^ for weft purpo.<%s. Of. Oroakzinb 

- or Tram Car {CMl Eny,) A vehicle pro* 

vided with flanged wheels running on a tramway 

S r.e.) It is drawn by horses, a oimle running in a 
btted conduit, or by electric power. See ELBin^Rlc 
Tbaotion. 

Trammell {Eng., etc.) The holders for the pencil 
and compass points used in beam compasses (y.v.) 
They can slide along a wooden bar, and can be fixed 
in any suitable position by means of set screws. 

Tramwayr iCiml Eng.) A track formed by rails 
laid flush with the surface of tbe road along which 
they run, in order to permit the use of the road by 
ordinary traffic, as well as by vehicles running on. 
the rails. I'he sleepers, if used, are entirely below 
the surface, and are commonly longitudinal; but tbe 
rails may be laid direct on a concrete foundation, 
the wide fiat base providing sufficient support. 

Tpanquillo (^Mueic"). Quietly, calmly. 

Transepts (Arrinteet.') The parts of a cruciform 
churcli forming on plan tbe arms of the cross. 

Transfer Printing Trinting by transfer 

may be either from copper plate or from litiiographic 
stone. The design is first either engraved upon the 
copper plate or drawn upon the stone; it is then 
printed upon thin i)aper. The paper is laid print 
downwards upon tbe ware, to which the print adheres 
and the paper is washed off, leaving the print 
“ transferred ” to the ware. 

Transformation of Energy, The energy of a 
body or system, that is, its capacity for doing work, 
may exist in a variety of forms— e.g. Mei^nical 
Energy, Chemical Energy,Thermal Energy, Electrical 
Energy. In general, energy can be changed from 
one of these forms to another—for example, the 
bnming of coal or gas produces beat (thermal 
energy), which may be converted by an engine into 
mechanical energy, and tbe mechanical energy may 
be converted by a dynamo into electrical energy, 
Tbe electrical energy may in turn be converted into 
mechanical energy, as when the current is employed 
to drive a motor; or it may be converted int^ heat 
(thermal energy) if tbe cunrent be used for heating 
or lighting; or it may be converted into obemical 
energy by using the current to electrolyse some 
chemical compound. 

The following table indicates some of the methods by 
which the changes from one form of energy to another 
may bo effected. Bach process or method quoted is 
the one by which the form of energy correspendiog 
to the Une in rrhich It ocean mar be converted into 
the form given at the head of the oolttwa. Certain 
cases of transmission of enct^ are added for the 
sake of comparison; these arc mdicated in the table 
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in italics, as tbeyfuv not in the ftrcpsr sense instances 
of the transilonnation of energy. It will bo obserTcd 
that no instances of the tiansfonnaticHt of ohemioal 
energy into meohanical energy, and viee vertdt are 

g ren,aa no cases of diret^ tmnsforinationare known. 

lemical !mei;gyiis obviously cs{«ble, however, of 
transformation into heat energy, and thus in tnm 
into electrical or mechanical energy. 


currents (or vioe vend), or for chspgii^ tiri ybl%gis 
of continuous curremta In the first bass^ aa aHer- 
nating current motor drives a cohtiououS> eurreni; 
dynamo (or vice wr«d); in the second case, both 
dynamo mid motor are of the oon’^nnims cur^t' 
type. In certain forms there is hut one field magnet 
and one armature, the latter oarrying two sets of 
windings. > ' 



Meoboaloal energy. 

Tbermol eneiuy. 

ElevttlotU Boergy. 

CSMuital (mugy. 

Meohanical energy 

MoaMnet in general 
(trememurion vf 
energy). 

Friction, compres¬ 
sion, i^roussion. 

Electrical machines 
(friction and in¬ 
fluence), dynamos. 

f 

Thermal energy . 

Steam and gas en¬ 
gines: explosions, 
etc. 

Couduetion (tram- 
mistion of energy). 

Thermo • electric 
couples. 

Production of endo- 
thennio compounds. 

Electrical energy. 

The mechanical 
effects produced by 
magnets, electric 
currents, electrical 
discharge, etc. 

Heating effects of the 
electric current or 
discharge. ‘ 

Traneformerg (trang- 
miggim vf energy). 

Electrolysis: the pro¬ 
cess of charging 
accumulators. 

Chemical energy , 

• 

1 

I*rodnotion of heat 
by chemical action' 

Primary cells: dis¬ 
charge of accumu¬ 
lators. 

Chemical actions in 
general. 


Transformers {Elent.') A ti-ansformer is a device 
by which a small current at a high voltage or 
** pressure ” is converted into a larger cuirent at a 
lower voltage. In the majority of cases both these 
currents are alternating currents of the same fre¬ 
quency, and the apparatus then used is the ordinary 
ALTEm?ATB Current TaAssFOBMEa. This con.si.sts 
in its simplest and most typical form of a Core built 
up of thin plates of soft iron so as to produce a con¬ 
tinuous magnctio circuit, and is usually in the shape 
of a rectangular frame. On this core are wound the 
Trihaby and Secondary Coils, the number of 
turns of wire in the two coils being approximately 
proiKirtional to the voltages of the primary and 
secondary currents. Thus, if a primary current at 
2,000 volts is to be transformed into a current at 
100 volts, the ratio of the turns in the two coils will 
be about 20 to 1. The action of the transformer 
depends upon the periodic change in the magnetic 
flax in the core which is induced by the variations 
of the primary ourrent. As the same flux passes 
through the secondly coil, an B.M.P. is thereby 
set up in this coil, giving rise when the secondary 
circuit is completed to an alternating current of the 
same frequent as the primsry current. The efficiency 
of a ^od transformer is very high, the total loss of* 
ehergy being in some cases not more than 3 or 4 per 
cent. The chief sources of loss are: (1) Hysteresis 
(«,».); (2) Eddy or Foucault Currents (f.v.); (8) 
Besistance of the windings. In each case the lost 
energy appears in the form of heat, which ndies the 
temperature of the transformer, and ia ultimately 
radiated from its surface. Cooling is sometimes 
aided by Immersing the apparatus w oil. Another 
class of transformers are more often termed CON- 
yertbrs or Bor ARY Convebtsom; they are used in 
th« trnnjrfovmi-tion of alternate currents to oontinnous 


Transit (A«fran.) The crossing of the meridian 
by auy celestial body. Also applicil in a special 
sense to the passage of one celestial body in front 
of another, e.ff. the passage of the planets Mercury 
or Venus in front of the sun. 

Transit (Surveying). The term used in America 
for the Transit Theodolite (j.c.) 

Transit Circle (Anfron.) A telescope taming on 
a horizontal axis fixed due east and west, so that the 
instrument always points to the merhlian. A large 
vertical graduated circle is fixed to the telescope so 
that the north polar distance, or altitude, or declina¬ 
tion of the body under observation can be determined'. 
Stie Meridian Circle. 

Tranaitloa (^Architect.) A period in architectural 
history daring which a change from one style to 
another is progressing. The term is generally used 
to denote the transition from the Bomanesque to the 
Oothic. See Decorated. 

—— (^iirwric). A -change of key. It is usually 
used to denote a temjKtrary modulation. ^ 

Tnuultion Sloneats (£^ei».) A naifie given to 
the elements of Group YIll. of thq PebiODKJ! 
SysTBE (f.r.) 

Traaalt Theodolite (Surveying), A theodolite in 
which the telescope is capabm of oomplete'rotatloB 
round its horizontal axis, movement in this piano 
b^Dg limited in other forms. iSss ^UtoDOLtrs. 

Triamilntoa OtbUbCi See Dintbao- 

TXOK Obatinos. 
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TranamiMloa of Powop. Power is tranMnitted 
or comniu&loated from place to place in a great 
variety of ways j but in engineering phraseology the 
above term usually refers only to the transmission of 
actual motiem. This is (dfected by shafts, belts, 
cables, etc. Power may also be transmitted by 
means of fluids under pressure (hydraulic trans¬ 
mission), by means of electric currents, etc. Bteam 
engines may also be worked at a oonsidcrablc dis¬ 
tance from their boilers if the pipes are well coated 
with non-conductors, and compressed air motors arc 
almost invariably placed a long way from the com¬ 
pressors which supply the air by which they are 
driven. 


TpansmHteF {Elect.') The apparatus employed in 
sending a message either by the Telbgkaph or 
Telepuosb (j.e.) 

Transom (Jivild^ The horizontal member of a 
frame between the hea/l and sill, e.g. a horizontal 
timber crossing the frame of a door below the fan¬ 
light ; the crossbar or horizontal member of a mullion 
window. 


- {Eng.) A transverse piece of timber serving 

ns a strut between two jjatallel members, c.g, be¬ 
tween longitudinal sleepers. 

Transpopter {Eng.) An appliance for moving 
material in bulk, or large numbers of sej^rate 
objects, from place to place without the aid of 
manual labour ; more often termed a Cokvevok. 
The material may be carried on broad belts, or a scries 
of bu<!kets running on chains, the^whole machine 
being driven by power. ^ * 

Aranspose {1^p>fff.) In imposing, to place the 
pages in wrong order. This word, or more generally 
4t.s abbreviated form irs., written in the margin of a 
proof signifies that a word, line, or other portion of 
printed matter indicated is to_^be transferred to 
another position. See jf. CC8. 


Traasposing Instpuments {MKait').~ Are divided 
into those which transpose (1) an octave, such as 
the Double-bass, Contra-bassoon, and I’iccolo; (2) 
some interval other than the octave (or at limes the 
octave) such as the Clarionets, Basset Horn, Saxo¬ 
phones, some Oboes, Cor Anglais, some Flutes, some 
Piccolos, Homs, Trumpets. The exact transposition 
in each instance is given under the article MUSICAL 
IKSTBUMBKTS, pp. 426-38. 


Tranaposition {Mmir). A change of pitch, or 
clef. In transposition every interval of a musical 
passage is reprodneed either at another pitch, that is, 
(1) in another key as at Example 1, or (2) at the 
interval of an octave in the same key as at Examjde 2, 
or (.3) in another key practically at the same pitch, 
as at Example 3; this last is known as enharmonic 
transposition {nee Enhabmonic), or (4) from one 
clef to another at the same pitch as at Example 4. 
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liMiasTenM Beetloa. A section iq.v.) across an 
object, at right angles to the longitudinal axis or 
diteotioQ o£ greatest length. 

Trap {Sanitation). In its simplest form a trap is 
a bena in a pipe which retains water that is auto* 
natically replaced whenever the trap is used, thus 
preventing the return flow of noxious gases. The 
trap most commonly used is the Siphon Trap {q.v ) 
The essentials of a good trap are: («) an efficient water 
seal, e.g. in the siphon trap the water should stand 
at least three-quarters of an inch above the openings 
of the bend; (J) the trap should be self-cleansing ; 
(c) every portion should be effectually cleansed by 
each flush. Other more or less efficient traps arc 
the Midfoather Qi-v .); the bell trap, a modification 
of the foregoing; and the ball trap, or Cousler’s trap, 
in which a ball rises with the rise of water in tl:e 
sewer and closes the aperture. In the case of traps 
to water closets, a ventilating pijje is generally con¬ 
nected with the outer side of the trap to prevent 
siphoning. See also Sakitatiok. -' 


T^amniii# Xandrel A lathe mandrel 

{q.v.) whichis capable of longitudinal motion. This 
motion is usually communicated to the mandrel b/ 
means of a short screw attached to the mandrel; the 
screw runs through a nut fixed to the faeadstock^ and 
therefore the mandrel advances in each revolutioit 
through a distance equal to the pitch of the screw*. 
If a piece of metal held in a chuck bo acted upon br 
a tool which is kept fixed, a screw thread will be cuk 
upon it, of pitch equal to that of the screw fixed tO' 
thomandrcl. This device is vmry convenient forentting 
.small screws and for ornamental and fancy taming. 

TraireFBing Screw (Mig.) A screw employed for 
producing a longitudinal motion; the leading screw 
of a lathe is a particular example. 

Traverao (Muxio). Crossways. See Fltttb under 
Musical Instiiumests, j;. -134. 

Travertine {Geol.) Calcareous rock formed by 
the deposition of carbonate of lime, together with 
other materials, by underground water. 


- (Weaving). The term applied to a breakage 

of warp threads in a loom through faulty working. 

Trapezium. ~ A plane figure having four unequal 
sides, no two of wifich are parallel. 

Trapezoid. ' A plane fou^slded figure having two 
side.s parallel. 

Trappean Rocks (Geol.) Eruptive or i^con.s 
rocks, wliioh lia\e consolidated below the snrf.n''c of 
tlie grouml, tliough not at the preatc.Tt depth.s as in 
the case of I’liiionic ltouk.s (y.r.) The name is 
derived from tlie Swedish word Trappa (a flight of 
steps), whicli was applied owing to the steplike form 
in which these rocks frequently occur. 

Travel The distance through which a part 

of .sutue mechanism can move in a straight line. - 

Traveller Spintiing). In Ring spinning, a 

small metal loop or ring which guides the yam when 
being wound upon the spindlo. See EiNu 

_— or Travelling Crane {Eng.) Sec Chanes.' 

Traverse (Surveying). A series of consecutive 
lines, the diructionb and lengths of which have been 
ascertained. 

- (Traverse Net (Lei.re Maunfae.)'^ A. term 

applied to John lleathcote’s traverse Brussels net ; 
it also applies to other nets and laces where certain 
threads are traversed or laid crosswi.se over a more 
limited area. 

Traverse Tables (Surveying).~ Tables which show 
by inspection the co-ordinates of any point^in a 
traverse. 

Tr^gverslng (Eng.) The ordinary” operation* of 
turning in a self-acting lathe, in which the tool moves 
longitudinally, as opposed to Surfacing (q.v.), in 
which the tool travels across the bed. The term 
“traversing" is also applied to various longitudinal, 
movements in machine tools and other mcclmnism.. 

Traversii^ Bridge (Civil Eng.) A bridge fortped 
by a gi rder nke structure, which can be drawn bs^k- 
ward by hydraulic or other power, in order to furnish 
an openiiig through wbicli vessels | can' pass. 
Examples occur in the Millwall Docks and also at 
Barry. 


Treacle Moulding (Joining). A moulding of the 
form shown in the figure. 

^ Treatl (ISuild.) The part 
of a stair or stt:p on which 
the foot rests. 

- (Eng.) The bearing 

surfsme of a wheel on road tueaci-b Mocbwso. 
or rail. The parts of tho 

.surfaces of a rail and a wheel which come in contact 
with each otiier arc termed the Tread of the Bail 
and^-he Tread of the Wheel respectively. 

-( Width of (Cgcles). The distance between 

tho two inner flanges of the pedals, measured in a 
line parallel to the crank axle. 

Treadle.^ The lever on which the foot is pres.<ied, 
in order to communicate motion (nut necessarily 
rotary) to a macliiiic. * 

Treadle Machine (Print.) A small printing 
maoliinc of the platen order, worked by the foot of 
the operator. 

Treble (divide). (1) The name given to. tho clef 
which was originally written us the letter g or G, now 

written on tho second line of the stave. See 

Stave and Scoee.” (2) The name given to soprano 
voices, especially boys'. 

Treble Geared Lathe (Eng.) A lathe having back 
gcai' (q.v .), in which three and three pinions 

aj’e used, so that the velocity of the mandrel is 
reduced to a still greater extent than by ordinary 
back gear.' 

Trebles (Met.) Sheet iron of gauge varying from 
Ros. 21} to 27 of tho Bixmiugham Wiie Gauge. See 
’WlEE GAUaES. 

Tre Corde (Music). Without the left pedaL"" 
Una Cobda. 

Tree Calf (Bind.) A brown calf binding which 
hhs been stained to imitate a conventional ttec-like 
pattern. 

Ireflde (Ser.) See under Cross and Trefoil.'' 

60 
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Trefoil iArehittct.) Aouspcd opening in <3othie 
tracery formed with three foha or spaces between 
cusps. See Foil, Cinquefoil, Quaskteefoil, Molii- 
FOIL, CvsB,and Tbacebx. 

- iHer.) A leaf having three cusps like a 

clover leaf. Imfi4e indicates adorned with Trefoils. 

Tremolite (Mia.) A calcium magnesium Amphi- 
bole (fj.v.) 3MgO . SiO,, CaO . SiO,. In long blade¬ 
like crystals of a greyish or white colour. Also in 
fibrous and columnar masses. From Switzerland 
and many places where there are mctamorphic 
rocks. 

Tremolo (iWimc). In a tremulous manner. 
Tremolo may be divided into reiterated notes played 
as rapidly as possible, and written thus: 



and into divided chords played quickly and written 
thus: 


M (b) 



Tremulant or Tremolo (J/wie). Mechanism in 
the organ and harmonium, which acts on the supply 
of wind in such a manner as to disturb the steadiness 
of the supply, thus causing a throbbing sensation. 
Tremulants arc of many patterns. 

<• Trenail or TveeuBil (Stiff.) Wooden spikes used 
to fix Kiilway cliairs to Ine sleepers ; the timber from 
which they are made is dried and compressed, so that 
the subsequent swelling holds the trenails firmly in 
position. 

T'Kest or Tee-Sest (A%., etc.) The T-shaped 
support for a tool used in liaiid turning. 

Trestle Bridges (Civil Ev^.') Bridges usually at 
a high level, carried on timber or iron supports 
resembling ordinary trestles in form. They are of 
great use in accelerating railway construction, but 
are in many cases replaced by more x^^rmanent 
structures when the line is in full working order. 

Trestles, A form of stool with a long narrow top, 
and four (rarely three) legs spreading out towards 
the base. 

Triad (Afaric). A chord consisting of three notes 
a third aimve each other. A triad may be; major («), 
minor (S), augmented (e\ diminished (d). The first 
two are perfect, having tM extreme notes a perfect 
filth apart, the last two, not having a perfect fifth, 
are called imperfect. 



Triad Elements (CAem.) Sangie as trivalent ele¬ 
ment. ^sTalencx. 


Trial Level A preliminary measure- 

ment of the general elevid;ion of ground along which 
a railway, canal, etc., is to be constructed. 

Triangle ^Itagolo) (Afttrio). See Musical In* 

BTBUUENTS, j>. 446. 

Triangle of Forces. If three forces lying in a 
plane be in equilibrium, they ma^ be represented 
in magnitude and direction by the sides of a triangle. 
cy. roLYOON OF Fobceb Under Geaphic Stayios. 

Triangalop Hule or Scale. A rule or scale con¬ 
sisting of a bar of wood whose cross section is a 
triangle, with suitable graduations on each face. 

Triangulation (Agtroti.') The application of 
trigonometry to the determination of distances. 

- (Surveying!). The method of making a survey 

by taking the angles to other stations from the ends 
of the base lino, and then from these stations to 
farther ones, thus covering the area with a network 
of imaginary triangles all the angles of which have 
been measuttKl. From the known length of the base 
line, the sides of the triangles can then be cal¬ 
culated. 

Trias (ffeol.) The system at the base of the 
Secondary Hooks (tee Steata, Table of, in Appen^ 
disc). The name is derived from the triple division 
of the system, as it occurs in its most typical form, 
in Germany; in England one of these divisions is 
absent, the two existing divisions being the Uppee 
Tuias or Keupee and the Lowee Teias or 
Bunteb. 

Triatomie Molecule An elementary 

molecule containing three atoms of the element. 
The only known example is Ozone (^.u.) 

Triblet (Stiff.) (1) A round rod or mandrel, which 
is put through the hole in a nut, etc., while it is being 
finished by a blacksmith. (2) A mandrel on which 
tubing is drawn. 

Tribolumineuenoe (Phyn.) The production of 
luminescence by friction, as when a lump of* sugar is 
crushed in the dark. This property is possessed by 
many cry'stals, e.g, Iriamond, Quartz, and Uranium 
Nitrate. 

,C,H, 

TribttKlB (C5e«.) <5H000.CA teSSjSS). 
cHjOOC. c.n, 

An oil; boils at 286*. Said to occur in butter, but it 
is probable that one or two of the butj’ric acid 
residues are replaced by higher fatty acid residues 
in butter fat, so that tribntyrin itself is not present. 
It can be obtained by prolonged boiling of glycerine 
and butyric acid* 

TricMopaoetaldehyda (Chem.) A synonym for 
Chlobal ((?-•».) 

CCl, 

Trichloracetic Acid (Chefti.) ( A white 

COOH “ 

crystalline solid; melts at 52°; boils at 195°; deli¬ 
quescent and very soluble in water. It has a pungent 
smell; it is an antiseptic and caustic, blistering the 
skin. Triobloraoetio acid is a powerful ««oid, com¬ 
parable in strength with the strongest mineral acids, 
rotassinm amalgam converts its aqueous solution 
into acetic acid. Alkalis convert it into chlorof<nrm. 

CCl 

1 * + HONa - 0C1,H + CO(ONa)« 

OOONa 

It is synthesised as follows; Carbon disulphide is 
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converted Into oarbon tetmcblorida bjr the abtioii of 
snlphnr chloride in presence of irtm; the carbon 
tetrachloride, when paased through a red hot tnbc, 
l^ves tetracbloreth^rlene; the latter exposed to son- 
light in presence of chlorine and water gives tii> 
cbloncetio acid: 

08.^001 -*'?“•-» 

CCl, CCL 

I 

C^^-OH C^O 

\eOH XOH 

It can be obtained bj direct chlorination of acetic 
acid, or by oxidising chloral hydrate with faming 
nitric acid. 

Trichord (JIftesfe). Three strings. A modern 
pianoforte is called a trichord pianoforte because the 
majority of the notes have three strings each, toned 
in unison. See I’iasofobtjb, j>. 430. 

Trldymlte {Min.) An oxide of silicon, SiOj, 
occurring in small hexagonal plates in trachyte in 
Antrim and on the hhine. Cf. Quabtz. 

Triforiom {Architect.) See Clbbbstoby. 

Tri|(lyphs {Architect.) The structural part of the 
frieze in a Boric entablature. There are two vertical 
grooves on the face of each tr^lyph, and a chamfer 
or half groove on each edge. See EifTAiJi.ATUBB; 
Mbtopb ; AncHiTECTunE, OnoEBs OP; Dome ; 
BiGLYPii; BiTKiaLTPH; and Mebos. 

Trlgonometer {Surveying). An instrument used 
in plotting a survey and by means of which the co¬ 
ordinates of a point, whose distance and bearing have 
been determined, may be read off. 

Trigonometrical Ratios. Let e be any angle; 
• then if a line AC be 

A^x^ drawn perpendicular 
, to BC, the following 

terms are applied to 
the ratios between the 
sides of the right- 

-as:—-—-!- angled triangle thus 

B C formed. 

1 . ycTpendiciu^ ^ ^ termed the Bine of angle 9. 
llypothcnusc BA 

o Base BO roaisB - 

■ ’ Ilypothennse BA " " ~ *’ ” 

g^PcTEen^cular^^ „ „ Tabgbnt „ ,. 

Base BU 


Takgbut 


^ Hypothennso ^ BA 

I’erpendicaiar AC ” 

Haimthennse ^ ^ 

Base BO " " 

^ Base ^ BO 

I'erpendiculor CA ” 


CoBECAirc „ „ 


Becakt 


COTAEGEST 


In mathematics these ratios arc abbreviated to 
sin 9, et>i 9, tan 9, eoseo 9, $eo 9, cot 9 respectively. 
The difE^nce between unity and the cosine of an 
angle' is termed the Yebseb Bine (abbreviated 
eerrin 0), t.s. vergin 9^1 — oot 9. Tables of these 
ratios are published, giving their vidues up to sevem 
places of aeclmals. Their properties are dealt witix 
In works on trigonometry. 


. Ti^eaomatry. The branch of, m^tthehtetlhS 
dealing with the properties of teiangleB suhd ' 1 ^ 
measuremeut of anglea V 

TrihednJ Ra^e. The figure foxmed by . 
planes which meet at a point., 

Trihytirio Aloeliola and Phenoli {C%em.) 

Lois and phenols containing three hydroxyl gq?upa 
Iter an example of a trihydne alcohol aee GeycebikSi 
for a phenol tee Pybooaeeoe and FBLOBOGXilTOnir. 

Trill {Mutio), See Ormaubitys {Mvtie), 

Trilobttea {Geol.) An important gronp of fdsald''. 
ocenrring in the Lower ralaeozoio Bocks; so called 
from the division of the fossil into three distinct 
areas by two longitudinal furrows. Tbe exact 
zoological position of the Trilobites is difficult to 
determine, but they belong to the Arthropoda, tbe 
Sub-Kingdom which includes the Cruttaeea (Crabs, 
Lobsters), Araolmida (Spiders), etc. Borne of the 
chief Trilobites and the geological systems to which 
they belong are as follows: 

Cambbiajt System. 

Paradexides. Miorodieeu*. 

Glenttt, Ptiloeephalnt. 

* Agnottus. 

Obdovician System. ‘ 

Ataphnt. JKglina. 

Ogygia. Calymene. 

Phaeapt. TrinucUut. 

Ampyx. 

PiLUKiAK System. 

Phaeapt. f'hieruna. 

0 Tfoinale}ictut. llarpct. 

Calymene. 

A few Trilobites also occur in the DevoEIAE and 
Cabboeipbboes Systems. 

Trimethylamine N(Cn,),. A gas; boils 

at 3 5°; smells strongly of fish; very soluble in. 
water; readily inflammable«. It is a strong tertiai^ 
base uniting with acids to form salts; and with 
alkyl iodides to form quaternary ammonium com¬ 
pounds {g.v.) Examples: 

N(CJI^,nCl. {K(CH,),. H},PtC], N(CE,);t 

Trimetliylaiiitne Flatinnm chloride Tetnunethyl. 

hydrooliloride. double alilt. fumuonluin i^Ae. 

Trimethylamino unites directly with carbon disul¬ 
phide, forming CS^. K(CH,), with evolution ot heat. 
Trimethylamine occurs in herring brine, in some 
blossoms such os hawthorn and pear, in a number of 
plants, e.g, stinking goosefoot, in putrifying flesh of 
the most various Kinds, in Gorgonzola cheese, and 
sometimes in urine. It can be obtained in quantity 
from tbe “vinasse” of the beetroot sugar industry. 
In this industry the molasses are fermented for ’ 
alcohol which is distilled off; the residual liquid 
(<• vinasse”) is evaporated to dryness,.and the diy 
residue distilled. Tbe distillate is neutralised with 
sulphiuic acid, and again distilled; tbe roddual 
liquid consists largely of the snlphates of ammonia 
and trimethylamino, which can be partially separated 
by crystBllisation, the former sulphate being the less 
soluble. The mother liquor is distill^ with quick¬ 
lime, and the distillate received in hydrochloric acid. 
The two hydrochlorides can be partially separated 
by crystallisation, ammoninm chloride being the less 
soluble. The mother liquor is boiled down till its 
boiling point reaches 200 °--the residue is tximethyl- 
amine hydrochloride. When methyl iodide is heated 
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with alcoholic ammonia in closed vessels, tetramethyl 
ammonium iodide, and tho hydriodidos of ammonia, 
mcthylamine, dimothylamine, and trimethylamine, 
ate obtained. From the first of these five compounds 
trimethylamine can be obtained by converting it into 
tlie hydroxide by the action of moist silver oxide 
and distilling the hydroxide. The tetramethyl 
ammonium iodide is easily sej-wated from the mix¬ 
ture by distilling with caustic potash, when it remains 
behind unchanged. The four bases all distil over, 
and are condensed in a receiver cooled by a freezing 
mixture, a part of the ammonia and methylaminc 
escaping. To the liquid mixture ethyl oxalate is 
added; 

CONHOH, 

Methylamino forms I 

COXIICII, 

Dlmctliyl 
oximiiile. 

Dimethylamine forn» I 

cooadis 

Ethyl 

diMiftliyl 
oxauiute. 

Trimethylamine is unacted on, and may be distilled 
off. Si e aho tinder Betaine, C’uoline, N.\itcoTiNE, 
and Kbekine. 


Stbbboisomebism. (2) The group—CH,. CH,. CH,— 
is called trimetbylenc; it only occurs in combination, 
as for example in tri methylene bromide— 

CnsBr.CH,.CH.jBr, 

and in glnfcaric acid {q.v.) Tbimethylene Bbomiee 
is a colourless liquid; boils at 165°. With sodium it 
yields trimethylene iq.vJ ); with potassium cyanide 
it yields tho nitrile of glutario acid (trimethylene 
cyanide). It is prepared from allyl bromide (from 
allyl alcohol, amorphous phosphorus, and bromine) 
by the saturating it at about — 20° with hydrogen 
bromide and allowing tho liqpid to stand in sealed 
tubes at 30° for twenty-four hours, and repeating the 
process as long as allyl bromide cun take up the gas: 

Cir.. ClUJr 

II ' 1 

Cn + HBr = CII, 

CHjBr CIIjBr 

Trimmer (^Carp, and. Join.) A short joist running 
across an opening, and serving to support the ends of 
a number of other joists whioli have been shortened 
in order to form tho opening. See P'liOOBS, 

Trimmer Arch (liiiild.) The arch supporting tho 
front hearth of an upijcr floor. 


' Separated by the 
action of cold 
' water, which 
dissolves the 
j ■ ethyl dimethyl 
oxamate. On 
hydrolysis they 
y'i eld the 
amines. 

J 


Trimethyiene {fhem.) 

Cil. 


(1) Tho oumpoiind tri- 


mothylene HjC is a gas; burns with a bright 

ilaii'ie. With bromine it yicltls trimethyiene bromide, 
and with hydriodio aciii normal propyl iodide. It is 
obtained from trimethyiene bromide by boiling with 
sorlium. It would be better called cycloproSurie. 
From it arc derived a series of homolognes and car¬ 
boxylic acids. The carboxylic acids can Ix; obtained 
in reveral ways, e.g. (i) by tho action of ethylene 
dibromide on ethyl disodiuuimalonatc : 


CILBr 

I 

CH..Br 


^»*^\COOCVIs 




COOCsHs 

COOC^lj 


2NaBr 


On hydrolysing, and heating the resulting acid, tri- 
methylene munocarboxylic acid is obtiiined: 

(ii) By the action of diazomethaue (.q.v.) on ethyl 
fumaratu: 


coon 

coon 


N - N HC. COOCjHj 

C'li, ^nc.coocjiij 


H 

N - N 


^cn. cooc,H* 

CR . COOCjH, 


AN ^ AN 


cn. oooOjHj 


CHCOOC^Hj 


Taatouerio. 

lUetliyl — 4:6 [lyrasoliiMdicartiozylate. 

/ CH. COOC,H, 

-n.p/ I * + 

\ CH. COOCjHj 

fy. wuSgr rrBAZOEB. The 1:2 trimethyiene dicar- 
bozylioaclds are known in tlie oissandtians-forms. See 


Trimmer Joists (Carp, and Join.) The joists 
supporting the ends of a trimmer Sometimes 

termed Tbimuinq Joists. 


Trimming < Itind.) Taking a shaving off the rough 
edge of the leaves of a book that is not to be cut 
down. 

-( Carp, and Join.) Supporting the out ends 

.of joists by means of a Tuimuku (q.r.) 

Trindle (Hind.) A thin flat implement of 'wood 
or metal in tho sliaxw of an elongated U; used in 
pairs for making the back of a book in boards at^umo 
a flat position previous to placing in the press for the 
o2)ei'atiou of cutting the foredge. See IlooKBlNEiNO. 

Trinitrophenol ( Chetn.) See Picnic Acie. 


Trio (Mvsie). (1^ A musical composition for 
throe voices or instruments. (2) The term given to 
the secon«lary movement of a march, minuet, etc. 
Sec al$o llEPEAT. 

cii.,ooc,,n„ 

Triolein (Chem.) c'lI.OOC„H„ {Se^J. 
CII^.OOC„H„ 


An oil; melts at —0°; is oxidised on•'expofeufC'td 
air, becoming acid; nitrons acid, chatigw it to an," 
isomer elaidin. P’or occurrence fed Oleic Acid. 


It can be prepared from olive oil by aUow'ing the oil 
to stand with occasional shaking ^est- eaustic soda 
solution for twenty-four hours; the soaps fopaed 
by hydrolysis of the other glycerides are dissolved 
in dilute alcohol when triolein remains. See alto 


lOElNE AbSOBETION. 


Trionnl (6'im.) > C (SOj,Cj,H*), (ttethyl- 

sulphone methylothylmethane). White crystalline 
powder; melts at 76°; sparingly soluble in%Bter, 
readily soluble in alcohol and ether. It is nsed as 
a hypnotic. Prepared from methylethyl ketone just 
ns Bulphonal (g.e.) is prepared from dimethyl k^ona 
(acetone). 
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Triow* Sugars containing three carbon 

atoms. There arc two of them; 


OH*OH 

c!hoh 

c!ho 

Aldo'trioea. 
Glyoerine alJebyd*. 
Glyceroso. 


CH„OH ; 

I 

CO 

CHjOH 
Keto-trioaa. 
Gl3roerine kotons, 
DiuxyaceUine. 


The aldose should exist in dextro-, lajvo-.and inactive 
forms, but only the inactive form is known, A 
mixture of the two trioses is obtained by the oxida¬ 
tion of glycerine by means of bromine in presence 
of a weak alkali, such as lead hydroxide or sodium 
carbonate. The aldose can be obtained by boiling 
acrolein dibromide with much water and removiitg 
the hydrobromic acid by silver oxide : it is a crystal- 
lino solid which melts at 138°; reduces Fchling’s 
solution; condenses on standing with a dilute alk^i 
to /3-acrose; yields an osazone (g'.t?.) The ketone 
can be obtained by the fermentation of a 5 or 6 per 
cent, solution of glycerine in broth by the sorbose 
bacreriiun (15 xylimim) in 30 per cent.yield; also 
synthoticxilly from symmetrical dibromacctone by 
the action of alkalis; it is a crystalline .solid; no 
constant melting point; reduces Kehling’s solution ; 
alkali acts as on the aldose; yields an osazone. 


CIIj.OOC. CijH 


31 


Tripalmitin {Clicni,) CTI .*000. C,ilT„ 


(Glyceryl 

tripal- 

mitate). 


CHj.OOC.C,sll„ 

A crystalline solid; melts at oif, then solidifies, and 
melts again at (5(i“; nearly insoluble in alcohol ;i 
very soluble in ether; it occurs in many fats and 
o.spcfially in palm oil; it can be made from glycerine 
and palmitic acid. See l\VLA£ia’ic Acid. 


Trip Gear {Eng.") The arrangement of levers and 
catclfcs used for opening and closing tlie valves of 
Corliss engines, etc. 

/ C’cHs 

Triphenylcarbinol (CVtcw.) IIO - V 

Crystallises in jdates; melts at l.'SD*; boils above 
36tf; soluble in benzene, alcohol, and glacial acetic 
acid. The solution in tlic latter solvent is turned 
yellow by mldilion of hydrochloric acid; the sub¬ 
stance also dissolves in concentrated sulpburic acid 
with the same strong yellow colour—the coloiir is 
probably due to the same cause as that of a solution 
of triplicnylmcthyl in ionising solvents. Bee Tbx- 
FHDNV'tltlBTUVh- paratriiimido derivative is tbc 
colonr ba*o of Ihirarosaniline (g.v.) When dissolved 
'in acetyl chioridcu it gives a violet colour, whicU 
passes' into dark red, and finally yields triphenjl- 
chJormetha'iic;, bat no acetate; 

CCfiUOjO . OH -+• cUjUoci = (c\njs),c . ci + CH,coon. 

Triphearylcarbinbl can be obtained in several wa 3 ’s ; 
(1) from panarOSuniline (g.v .); (2) from tripbenyl- 
methane (g.v.) ; (3) from benzophenono and inagnc- 
eium phcny'lbromide. Bee MAQXmuM Comfodkds. 






.Ur 


6 

cjl' 


C«H. 




OH 

Bt 


(4) Prom tripheuylchlormethane by solution in-strong 
snlphurio acid and cauUous addition of water, 

99 per cent. ' 

Ph.C. Cl + H„SO. ^ - HCl + rh,C. OSO-H > 
Ph^GO. 80,H + H*0 - PinC. OH + H^O. ' 
(Ph-CTO 

Triphesylohlomneibaiie ( Ckem.') Cl—C C,llg 

A white crystalline solid; melts at 108°—112°; 
soluble in benzene, carbon disulphide, and chloroform, 
sparingly soluble in ether. When heated over 2C0“ 


it gives diphenylenephenylmethane | >CH.C,Hg 

C'eH/ 

Its benzene solution, when allowed to stand in,con¬ 
tact with certain metals such as zinc, silver, mefeury, 
gives triphenylmetliyl (j.®.) For the action of strong 
sulphuric acid tee TBii»HEim.CABBiNOn. Bee oMo 
TBlPHEXTUMiiTHAlfK. When heated with sliver 
acetate it yields an acetate which melts at 37°. It 
is best preparcid by condensing ctirbon tetrachloride 
with benzene by moans of alumininm chloride. The 
two former, pure and dry, are placed in a flask with 
reflux condenser, and the aluminium chloride (frorai 
chlorine and aluminium) is added in portions of 
10 grams at a time (CCl^ 1 part:CaH, 3-5 parts: 
AlCl, 1'25 parts). Then the mixture is heated for 
an hour on a water bath. The cooled product is 
]X)nred in a thin stream on much powdered ice, and 
benzene is added from time to time, with constant 
stirring to keep the triphenylcblormctbano in solution. 
The benzene is separ.-ited and washed with dilated 
hydrochloric acid, then water—the washings must 
bo d#nc quickly. The solution is dried over calciunr 
chloride, then concentrated as far as possible on 
a water batli—over half separates in pure crystals, 
which may be filtered off and washed with dry ether. 
More can be obtained by working up the mother 
liquor. 


Triphenylmethane (^Chem.') n—C .-i— 0,11. 

Colourless prisms or leaves; molts at 93°; boils 
abo\ o 300°; very soluble in benzene, ether, chloro¬ 
form, less soluble iu alcohol. On oxidation wilii 
chromic acid it gives triphenylcarbinol (ji.v.') For 
its conversion into pararosaniline tee I’AKAEOSANl- 
LlNB, Its paratiiaiiiido derivative is the leuco 
compound of pararosaniline. Triphenylmethane, is 
best prepared from tripheuylohlormethano (^■*’0— 
16 grams of this in powder are atlded to 60 cc. glacial 
acetic acid (in which it is little soluble); 13 grams of 
zinc powder are added, and carbon dioxide is p.assod 
through the lujuid, which is kept efficiently stirred' 
by a turbine for several hours at the ordinary 
temperature. The mixture is then gently warmed, 
filtered, and the zinc washed with warm glacial 
acetic acid. Water is added little by little to the 
filtmte, when the triphenj-lmethane crystallises out 
in good but slightly yellow crystals. It is washed 
with water, and ri-cry!>talliscd from benzene and 
alcohol. From benzene it crystallises with benzene 
of crystallisation. Vield of not xecrystallised product 
92 per cent. 

Triphenylxaethyl {Chem,) The following* 

formula} have been successively suggest^ fox this 
compound, which was discovered by Gomberg«'« 


Gomlrerg’s foi^nula 
(tiivalent carbon atom). ' 



a<ai 
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TBX 


CH cn 


CH cn 


‘ CH CH CH CH * * 

Heintscbers formula 

(Buggested to avoid a trivalent carbon atom). 


r*n*\.f'_TscHt8ohibabin*8 fonnnla 

Cjnt/ (liexaphenylethane). 

cn CII 

'.HjV /==\^ /n Jaoobson'B 

JAX \c(C,n.>. fonnula. 


CH cn 


l-dipbcnylmethyleno-l-triphenylmethyl-cyclo- 
liexadien (2, 6). 

It is necessary to point out hero that the compound 
called bcxaphcnylethaue by Gomberg is a compound 
so called by Ullmann and Itorsum, its discoverers; 
but Tscbitsohibabin has shown that in all probability 
it is not hoxaphenylethaue, but benzhydiyl- 
tetraphenylmetbane: 


CH CH 



because it reacts quantitatively with only one molecu¬ 
lar proportion of bromine, when exposed to sunlight 
and in carbon disulphide solution, forming a mono- 
bromide which readily hydrolyses to a carbinol. For 
this reason Tsobitschibabin suggested the hexaphtnyl- 
etbane formula for Oom berg’s triphenylmethyl, and 
the formula last written for bcnahydryl-tetraphenyl- 
mothanc. This compound will Ik: referred to in 
what follows as hcxaphenyletbano U.B. Triphenyl¬ 
methyl is a colourless crystalline solid, but turns 
yellow on keeping; it melts (out of air) at liS” to 
147”, first blackening and turning rod after melting ; 
it ilistils at 20ii® under a pressure of 19 mm. 
mercury, but with decomposition, much triphenyl- 
methane being formed. Its molecular weight was 
determined by the lowering of the freezing point of 
each of the following solvents—benzene, naphtha¬ 
lene, nitrobenzene, dimethyiauilino, parabrom- 
ioluene, jfiienol — in an atmosphere of carefully 
purified atmospheric nitrogen; tho mean of twelve 
experiments was 477, while (C„Hs),C requires 243. 
Oomberg inclines to the view tl:at the result is due 
to molecular association. Its electric conductivity 
in liquid sulphur dioxide is comparable to that of 
many salts; thus its molecular conductivity increases 
from 8*24 at a dilution of 24 litres to .39*6 at a 
dilution of 2138 litres. It is vei-y soluble in chloro¬ 
form and carbon disulphide; pretty soluble in carbon 
tetrachloride and toluene. From toluene it crystal¬ 
lises beautifully, but tho crystals contain tolneno. 
It is also soluble in ethyl acetate and ether; the 
crystals formed from these solvents are compounds 
(aH,),C.CH,COOC!,H» aM {(C^AC},(0;B5)0. 
^on-iomsing isolvents ,Tiold coloarlesH solations» 
ionising solvents yield yellow solutions (balochromief 
4.S, the production of colour W'itbout the presence of 
any colour producing radical or grouping). This 
yellow colour is ascribed by Oomberg to the presence 
of the ion (C^ 5 ),C—. In its reactions triphenylmethyl 
behaves as a strongly unsaturated compound; thus 
jt unites^ as stated befote, .vrith several of its 


solvents—it absorbs okygon with great avidity when 
a solution of it is exposed to air or oxygen, forming 
a white crystalline peroxidfr—<1-6 grs. of the hydro¬ 
carbon in benzene solution nhsor^d 60 oc. oxygeit 
in the first minute of its exposuro. 

OigHigOj, it unites directly with chlorine, brominer 
and Todine, hut in the case of. the two former« 
Bubstitntioa as well as addition occurs. Hydrogen 
chloride in benzene soiutiou changes it to heza.. 
phenyletbane U.B. . - 

CH CH CH CH 

Ph,C:C< f^ 0<H. 

CII CII CH CH 

(Ph=C.H.) 

Triphenyl methyl is prepared by reducing a dry 
benzene solution of triphenylchlormethane with fine 
zinc shavings. The solution (20 grs. in 100 cc.) is 
put in the Drechsel washing bottle A, 10 ggams of the 
zinc is added, and the bottle held on its side so that 
the zinc is spread on the walls ; all air is removed 
by a quick stream of dry carbon dioxide, and the 
taps a and 1) are shut. After a few hours the zinc 
has sintered together; the bottle is then stood 

upright and left for five to ten days. The reactioua 
are 

2Pli,C. 01 + Zn = C„H-, + ZnCl, 
rh,G . Cl + ZnCl,=Ph^O. ClZnCl^ 

A is now connected to B, and B is exhausted and 


• b 



Kmx.—O is a throe-war coot;, Jilce a and 4 . Tlie tub* in A 
goal nearly tu (he bottom of the bottle. 

filled with dry carbon dioxide, these operations being 
repeated several times. Tho cocks b and C are now- 
turned so that the liquid is drawn from A to ^ and 
the double salt remaining in A is washed with 
benzene drawn through D into A, then into B. A is 
now removed, the benzene distilled off under reduced: 
pressure, while B is partly surrounded by rubber 
tubing, through which steam is blown. B is detaohod 
from receiver, and 50 cc. acetone nm into B from E, 
and violently sboken to break up lumps triphenyl¬ 
methyl ; B is filled with carbon dioxide and apparatus 
loft till cool. Then a suction fiask is put on to the 
rubber stopper below O, and the ooetone is sucked 
off, leaving tho crystals in B; the treatment is 


^^»°Pg,CH.C^^ ^C.CPfa, 


XBI 


m 
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«rlth cold acetone. Finally, B is ezhanstocl 
and filled with carbon dioxide alternately till tfae 
^odnct is perfectly dried; it is, got oat by catting 
the tnbe at e and blowing carbon dioxide throagh. 
Triphenyhnethyl so obtained is very pure, apd cirn 
even be exposed to air for a while without change. 
Gomberg has pr^ared seveml analogous compounds 
to this—but not yet in pure condition. Two of the 
most remarkable are the paratolyl and paranitro* 
phenyl compoonds. The former changes spon- 
'taneonslj intC the hexaparatolylethane U.B., and it 
does not take up iodine; Its solution is orange 
inclining to tod. ^le nitro compound gives a 
remarkable colour display during its formation 
(molecular silrer was used instead of zinc). 

Triple Couaterpoint ( Mu$ie). Three-port counter¬ 
point written in such a wav that all the parts are 
invertible, each serving as lower, middle, and upper 
part. 

Triple Expsuulon Engine (Eng.) An engine in 
which the is expanded in three cylinders in 

succession. 8i-e Htbam EKatKB. 

Triple Point (Heat). A point on the vapour pres- 
sure curve of a substance, at which the substance 
can exist simultaneously in the solid, liquid, and 
gaseous states. It is the point of intersection of the 
curves showing the relation between the pressure and 
temperature of the solid opd vapour, liquid and 
vapour, and solid and liquid. See aXeo Vapouk 
I'bBSSUBE aitd SUBLIHATIOK. 

Triplet (Hmlo). A group of three notes to be 
performed in the time of two. 


CHOPtS. 



It is generally marked by a slur and the figure 3, 
and may consist of notps, or notes and rests. 

Triplet Cycle. See TA^'D]3M. \ 

Triple Time ^ Time anA Time 

BiaK&TUBE. 

Trip Lexer (Eng.) A bent lever used in trip gear 
(q.v.) Gne end of the lever is raised by means of a 
cam; when the cam hsis passed a certain point, the 
lover is released and falls suddenly. 

!^ipod (Pkeio.) , A three le^ed stand for a 
camera, used in out of door photography where a 
firm but portable support is required, 

Triste (Mime). Sa<l. 

Tristearin (Chem.) ; See STBABXir. 

Trbteua, Con (Mueic), With sadness. 

Tritosa (Mutie). Three imps. Another name for 
the interval of the Augmented Fourth. It occurs 
between the Subdominant and Leading Note, 


Triirigti^ of 

the Doric meze imd hat^reolumiiiatioh swe^ 
riuwe triglyphs ate used between those 
above two adjacent criumns. iSS!oTst«i.xps: i)lJtein- 
XBOTT7BB, O&DBIiS OP; EmCABliATimB; 

OLTPH; ««d DraaiGiiTPH. « ' 

Triturate (Chem.) Grinding substances togeriwr 
80 as to facilitate solution or reaction. 

Trindent Elaneni or Sadleal (Chem.) See 
Valbhcx, 

Trix«t<3>«!t-/i(M). iSwTBUVAT. 

Troohilai (Arehiteet.) See SooTiA. 

Trolley or Trolly (EiUot. Eng.) A metal wheel 
or roller attached to the end of a flexible TnoLIiair 
Pole (q.v.) on the top of an electric tram or cor. 
The trolley is placed in contact with an electric 
conductor, in the form of a wire, which extends 
along the track, supported by standards. The cur¬ 
rent is conveyed by the trolley to tbe moten: olrcnlt 
on tbe car. 

—— (Eng., etc.) A low built truck or car, 
generally used for moving heavy materiols. 

—— (Laee Manvfae.) A form of laoe in which the 
pattens is ontlined with a thickened thread or by a 
narrow fiat border. The ground is generally double 
with meshes of different shape. 

Trolley Pole (Elect. Eng.) A pole fixed on the top of 
an electric car and carrying a conducting wire, which 
is connected with the motor circuit on the oar. To 
tbe upper and flexible end of the polo is attached the 
Trolley (q.r.) 

Ihromba (Mutie). (1) Trumpet (q.v.) (2) A reed 
stop of 8 ft. pitch on Organs, See p. 441. 

Trombone (Mutie). (1) A brass instniment. See 
Mtjbical Iebtbcments, p. 437. (2) A powerful 

organ reed stop of 8 ft., 16 ft, or 32 ft. tone. See 
p. 441. 

Tnma (Chem.) A naturally occurring compound 
of sodium with carbonic acid having the formula 
Na,COj|2N'anOO,. 3H,p. It is obtained sutificially 
by boiling a sulution of sodium bicarbonate for a 
shurttime only. On cooling tbe salt crystallises out. 

- (Min.) A hydrous so<iinm carbonate and 

bicarbonate composition ; soda « 37‘8, carbonic 
acid =s 40 *2, water 22 per cent. Mono-symmetric. 
Orey or yellowish. From Mexico and near Fezzau, 
in Africa, in both of which locaUties it is worked 
commercially. 

Tropaolini (Chem.) Azo dye stuffs. The chief 
are: 

N^C,H,S0,0Na(4) 

Tbopjeolik D, jj , is tbe sodium 

Ni^C.H,N(CHj)^4) 

salt of dimethTlamidoazobenzeneparasulplionic acid. 
It is commonly called Methtl OhAxGE (i-r.), or 
Helianthine, and is used as an indicator. See 
INOICATOB3. 

N--G,H,S0„0NaC4) 

Tbopjeolin 00, il * , also called 

Obabgb rr.. Fast Yellow, etc., is fin ornngfi yeUow 
crystalline solid obtained by diazotising sulphanilio . 
acid and acting on the product witbsnaoid-filcoholtc 
solution of dipbenylanune. It is « valuable orange 
yellow dye for wool and silk. 

Tuop^ouk G is the same as the last oinnpound 
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excejit that tho Bulphonic acid group occurs in the 
ineta-pusition, and it dies a yellower shade. 


Tnop.soutH 0, 


N-^C,H,S0,0Na(4) 



also called 


Besobcix Yellow, is a yellowish brown solid. Tho 
free acid is nearly block, and has a green lustre. 
It is obtained by diarotising sulphanilio acid, and 
acting on the product with resorcin {q.v.') It dies 
wool and silk a golden yellow. 

N"’c„H,SOjONa(4) 
TboPjEolix 000 No. 1, " 

N >‘'C„HeOH(4) 

(Orange I. or Naphtiiol Orange), is a reddish 
brown powder. Tho free acid resembles the jwc- 
ceding. lb is obtained by diazotising sulplianilic 
acid and acting on the product with a-naphthol. It 
dyes wool and silk orange. 

TBOPJEOLIN 000 No 2 (ObANOR IT.) is a bright 
orange colour. The free acid crystalJises out the 
same colour, but is red when anhydrous. It is 
obtained in the .s.ime way as the preceding com- 
IK>und except that /S-naplithol is used instead of 
a-napthol {gee Nai'iituols'), so that the hydroxyl 
occurs at (2) in the naiththalcne ring. It is a very 
important orange dye, and dyes a brighter colour 
than Obange I.; further it is not acted on by 
alkalis. 


Tropical Year (Agirmt.') The period from one 
vernal equinox to the next; it is nearly eqiml to 3G5J 
mean solar days {q.v.) See also Year. 

Tropic of Canoer {Agtron.) The northern of^hc 
two circles on the celestial sphere who.se di.stancc 
from tho equator is 27° 27' 30". equal to the obliquity 
of the ecliptic. This northern circle touches the 
ecliptic at the sign Caticer, hence the name. Ibc 
sun’s annual path is by these two circlc.s. See also 
Tropics. 


Tropic of Capricorn {Astr&n.) The southern of 
the two circles referred to under Tropic ov Cancer. 
It touches the ecliptic at tho sign Cajtricorn, hence 
the name. See also llioPlcs. 


Tropics (Asfron.) Strictly speaking, the two 
parallels of latitude 27° 27' ."iO" N. and .S. of tho 
Earth’s Equator. In ordinary usage the word is 
applied to tho whole region lying between these two 
parallels of latitude : the region is more correctly 
termed the TorrM Zone. 5’iiese N. and S. parallels 
arc termed the Tropic of Cancer and of Capricorn 
respectively. 

CHOH 


!rroplne iCkem.) 


E,C 

nc 



A white 


N.cn, 

crystalline solid (plates) ; melts at CJ5°; boils at 
2251“; soluble in water and in alcohol, loss soluble 
in et her. It contains two asymmetric carbon atoms 
(those adjacent to nitrogen in the ring]), but it is not 
known in an active form, probably owing to a fonn 
of internal compensation. It exists in the cis- and 
trans- forms (see Sjbbeoisomebism), the second 
form being known as ^S>-tropine. Tropino and 
^tropine can be converted into each other by 


oxidising them both to tropteonc, the corresponding 
ketone. This ketone on reduction with sodium and 
alcohol gives V';tropino, and on reduction with zino 
dust and hydroiodic acid yields tropine. ^^tropino 
melts at 108° and boils at 240°. 'The troiuDea are 
tertiary bases and secondary alcohols. Their acid 
esters are called tropeinos. The formula for tropine 
shows that it contains: (1) A pyridine ring; this is 
shown by the fact tliat ethyl pyridine can be pre- 
juirod from it. (2) A pyrrole ring; this is shown by 
tbe fact'that tropinic acid (see Pvrbole) can be 
preinrcd from it. (.T) A seven carbon atom ring; 
this is shown by the fact that an unsaturated ring 
hydrocarbon tropilidcne, which is cycloheptatriene, 
Cn^ - CH = CU 

I 

ClI, can be i^rcpared from it, and 

II 

CTI = CH - ClI 

further trojiine ha.s been synthesised from thi.s hydro¬ 
carbon. The importance of t’.io Tropincs lies in the 
fact that a inmibor of iui]H)rtant alkaloids are 
closely related to them. See Atropine, Cocaine, 
and ilTOSCVAMlNE. Tropine is prepared by the 
hydrolysis of atropine or hyoscyaminc. 

Tpoppo (Musie). Too much, as Allegro ma non 
troppo—Cheerfully, but not too much so. 

Trough. A term of wide .upplifation, but usually 
signifying an ojjen shallow vessel. 

—^ (JheUtl.) A rain w'ater gutter under the 

caves of a rot f. 

- (Met.) The Converting Tot or fireclay 

box in which bars of iron a’ c placed for conversion 
into steel by tlie cementation jaoccss (q.v.) 

Trousse (Arclueol.) A ca.'ic holding a number of 
small utensils, hung from the girdle, ar.dworn during 
the middle ages, ifV'. Exfl. 

Trowel. A tool consisting of a thin blad<! of jron 
or steel, triangular, ov.al, or oblong in shape, with a 
raised h.andle. Used by biicklayoi's and mastjn.s for 
sjireadiiig and <h es.siiig mortar, etc.; by pla-tcrcrs for 
finishing oil plaster work; and by moulders for 
smoolliing and shaping tho sand or loam forming 
a mould. A gardener’s trowel is scoop shaped. 

Trowelled Work (iHast.) rinstering tliat is 
finished with a trowel instead of with a plasterer’s 
float. 

Troy. See Weight.^ and Measures. 

Trs, (Typog.) See Transpose. 

Truck. (1) A low built vehicle, tray, platform, 
etc., running on wheels. (2) A group of two or 
mote pairs of wheels in a frame, used to support 
ono end of a railway carriage or locomotive. See 
Bogie Truck and vnder Eailways. 

- (Laee Manvfae.) An antifriction roller or 

bowl; used in conjunction with a “cam,” or what is 
known in weaving as a tappet (q.v.) 

Trumpet, Tromba (Mmie). (1) A brass instru¬ 
ment. See Musical Instruments, jk 43G. (2) A 
reed stop on organs. See j). 441. 

Truncated. Cut short; the term is applied com¬ 
monly to a cone or pyramid the vertex of which has 
been out off. 

Trundle (Musie).'' X roller used in the drawstop 
action in tho organ. See Musical Instruments, 
p. 439. 
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Trank Enjlae {.Eng,) An old fom of ei^ne in 
■which the piston rod was a hollow tube, termed a 
Tbunk, r«B,sing through stufEng boxes in both ends 
of the cylinder. The connecting rod was hinged to 
a pin fixed inside the trunk. 

Trank Hose (Cbsi.) A garment something like a 
bag in shape covering the person from the waist to 
the middle of the thigh or the knee, where it was 
gathered in. Worn during the sixteenth and seven¬ 
teenth centuries, generally in conj unction with the 
jerkin. 

Trank Piston or Plunger (Eng.) A piston or 
plunger in the form (ft a tube, with the connecting 
r<Kl hinged to a gudgeon i>iu inside it. See ClAS 
ENtrtNE, Petrol Engine, etr. 

Traanlon {Eng.') The short projecting axle or 
pivot on which an oscillating e.ylinder, a heavy gun, 
Bessemer converter, etc., turns. 

Trass (^Eng., Build, ete.) A framed structure used 
to support a roof, etc. See Roofs. 

Trussed Shaft (Eng.) A long shaft which is 
stiffened by a series of parallel rods, arranged on an 
imaginary tube-like surface round the shaft, and 
fixed to it at their ends. As the shaft revolves, tiic 
rods which aro at any instant in the lowest position 
are brought into tension, and resist the tendency of 
the shaft to bend, 

Trnssing (Eng.) Stiffening any structure by 
means of rods .■serring as ties* aud struts. 

Trath (Eng., Build., (de.) Tins word is used in 
many trarles to denote accuracy, 6yminetrj*,etc. 

Truvat or Trivet. A small instrument fitted with 
a sharp steel blade used for cutting the loopsof hand 
woven velvet and other Terry fabrics, so as to form 
pile See algo Velvet. 

Try Cocks (Eng.) Two small cocks fitted to a 
boilorfone being above, tlie other below, the normal 
water line, lliey atford a means of ascertaining 
(aj>prox)in.ateIy) the level of the water if the gauge 
glass fail to act. 

Trying Plane (Carjt. aud Join.) The form of 
jilauo used for finishing surfaces tliat have to be 
true ami straight. See PL.iNES. 

Trying Up (Carp., etc,) A term equivalent to 
“ trueing up ”; sliaping a piece of wood so tliat its 
surfaces are acumutely plane, aud its angles are 
right angles. 

Trypsin (Zoology). A proteolytic ferment found 
in tlie pancre-alio juice. It differs from i^epsin (q.v.) 
in acting in an alkaline medium. 

Try Square (Eng., etc.) A Rqtjare (q-v.) used 
for testing the accuracy of right angles on a piece 
of work. It consists generally of a steel blade set 
in and at right angles to a stock. 

T -Aots or Tee Slots (Eng.) Grooves in the table 
of a leaning machine, etc., whose cross section is in 
the form of an inverted T '■ the heads of tlie bolts 
used for holding down pieces of work on the table 
are passed Into these slots. 

T-Sqoare or Tee Square. A SQtrARB (q.v.) used 
chiefly by draughtsmen; it is made of wood, usui lly 
pear or mahogany, and has a tiiin blade, sometimes 
tapering on one side, and varying in length from 
1 to 3 ft., according to the sixe of drawing boacd 
with which it is to be used. 


Taba (Mugie), (1) A teed stop on oigans of 8 It.' 
pitch and heavy wind pressure; also called 
miraUUt and tuba, major. (2) A brass insttnmj^t 
of the bombardon species. &e MvstCAU JnstetT'* 
UBNTB, p. 438. 

Tube (Eng., ete.) A general name for pipe of any 
description, excepting that made of-cast iron. 

Tabe Cleaner (Eng.) A scraper or a brush, on 
the end of a long thin rod, used for clearing out the 
lulies of a boiler. 

Tube Cutter. A tool by means of which tubing 
can bo cut. The most usual form consists of a 
curved holder which grips the tube, and a sharp 
edged circular cutting wheel, which is pressed against 
the tube and moved gradually round it, making a cut 
in the metal as it travels. 

Tube Drawing (Eng., etc.) The process of making 
tubing by drawing it through a steel plate furnished 
with holes of suitable size. The closing up of the 
joint may be effected in this process, or the joint may 
be brazed or welded previously. Solid drawn tubes 
are produced either by forcing the metal through an 
orifice, a mandnsl or “triblet” being fixed conceil- 
trically so as to produce the bore of the pipe, or else 
by taking a short, thick cast tube, and elongating it 
by the‘process of drawing. 

Tube Expander (Eng.) A tool used for widening 
t he ends of nietal tubing by means of pressure applied 
to the inside of tlie tube. Used esj.x3cialiy in fixing 
the ends of boiler or surface condenser tubes in the 
tube plate (g'.r.) Tlie holes in the latter are bored 
out to tit the tube; tlie end of the former is placed 
in the hole, and then expanded sufficiently to cause 
the jftite to grip the end of the tube firmly and so 
hold it in ])osition. 

Tube of Force (Elect.) Consider an area on 
which there is a charge of electricity : let lines of 
force (q.r.) l>e drawn from every jioiiit in the boundary 
of thi.s area; tlioy will form a tubular suifaco, which 
is known as a Tube of Force, If the area contain 
a unit charge, the tube is termed a Unit Tube. TLe 
end of a tube of force is an area containing a charge 
equal in amount but opposite iii sign to that on 
which the tube commenced. 

Tube Plate (Eng.) Tlie iilate which carries the 
ends of the tubes of a boiler or surface condenser. 

Tube Vice or Pipe Vice. A clamp fixed to the 
bi'iich, etc,, used lor holding pieces of tube while 
being cut or screwed. 

Tube Wrench. A form of wrench (q.v.) with 
serrated jaws capable of gripping a piece of jiipe 
firmly, in order to screw it up into a socket, etc. 

Tubing (Eng., ete.) A term applied in engineer¬ 
ing chieuy to pipes of other material tiian cast iron— 
e.g, wrought iron, steel, brass, copper, lb is dis¬ 
tinguished as “solid drawn” when made without a 
scam; if made with a seam, the joint Is brazed, 
welded, soldered, or in some few coses riveted. 

Tub Sizing (Paper Ifanufae.) The process of 
sizing i>aper, after it has been made, with gelatine. 

Tubular Boiler (S’ny.) A general term for a 
boiler having a number of tubes. ^ Boilers. 

Tubular Gompazs (Surreging), A compass needle 
mounted in a tube, aud so arranged tliat it can be 
read by looking through the tube, as in a telescope, 
instead of over the ne^e as usual. 
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Tubular Ck>nipauea ('ompasses vbose legs are 
formed of two (or more) pieces, one sliding inside 
another in the manner a tele^pe, so that they 
can be lengthened at wilL 

Tubular Girder {Eng.) A hollow girder, whose 
cross section may be either rectangular (Box Girder) 
or curved. 

Tucker ((h«it.) A piece of linen, lace, mnslin, or 
other light fabric shaped or arranged to cover the 
neck and shoulders ; worn especially during the 
seventeenth and eighteenth centuries. 

Tuekiug In or Under {Foundry). Bamming the 
sand underneath tho lowest parts ^ a pattern during 
moulding. 

Tudor {Arohiteet.) See PESPENDiCTTIiAB. 

Tudor Flover {Architect.) An ornament resemb* 
ling the fieur-de-lys, used as a cresting in Perpendicu¬ 
lar Gothic work. 

Tudor Bobo {Arekiteot.) See Bose. 

Tue Iron {Fng., etc.) A Totebb (j.e.) 

Tuff or Tufa {6eol.) A term originally applied 
to pnmice stone or a simiiar light porous lava ; it is 
now used of rocks composed of somewhat fine frag¬ 
ments (such as the dust, ashes, and stones from a 
volcano) whicli have become more or less con¬ 
solidated. also AOOLOHEBATE. 

Tula Work. See Niello. 

Tulip Woods. See WOODS. 

Tumbler. (1) A kind of spring latch forming 
part of a lock. It detains tho bolt until the keg lifts 
It and sets tite bolt free. (2) One of a set of levers 
from which the heddles {q.v.) are suspended in 
certain forma of loom. 

—— {Leather Jifanvfae.) A term applied to a 
drum in which leather is tumbled to soften or 
retan it. 

Tumbler Bearing {Eng.) A form of bearing used 
to support the long shaft which drives a travelling 
crane. It is movable, and is displaced as the 
mechanism of the crane passes it, afteiwanls re¬ 
turning to its original position. 

Tumbler Lock. A lock famished with a set of 
discs or latches which must undergo some arrange¬ 
ment with regard lo each other before the bolt can 
be moved. 

Tumbler Tank {Pltvmb.) A finshing tank fitted 
with an oblong receiving vessel which is divided by 
a central cross partition. The receiver is pivoted 
and fitted in such a manner that when a quantity of 
water has run into one of the two compartments it 
tilts and discharges its contents, hringpng the other 
compartment into position to be filled when the 
operation is repeateti. 

Tumbling Bay {Civil Eng,, etc.) A form of weir, 
used in estimating the quantity of water which 
imssos over itself In any given time. If tho water 
flows over a horizontal erlgo of breadth h and the 
depth of water over the edge » h, then the total in 
cubic feet passing over per second is 0AI where C 
is a constant which may be found by experiment. If 
tbe water pass through a V shaped notch, and h 
be tbe depth of water above tbe lowest point of the 
V, then Q » caI where C is again a constant deter¬ 
mined by experiment. 


Tumulus {Arehaol.) A prehistorio burial mound. 
Tungstates { Chem^) See TvNesTEB. 

Tungsten {Ctteu.) W. Atomic weight IfiO. (Also 
called Wolfram.) A rather tare metid belong!^ to 
Group VI., Series 10, of the Periodio System, ft is 
steel grey in colour; has a very high unkaiown melt¬ 
ing point (far above that of platinum); specific 
gravity about 19; oxidised in air only at a red beat; 
slowly attacked by water containing carbonic add; 
aqua regia oxidises it to tho trioxiae; when finely 
divided it is dissolved by boiling caustio potash, 
forming a potassium tungstate and liberating hydro¬ 
gen. Tungsten occurs as Sfebeelite ig.v.) and as 
Wolfram {q.v.) {CaWO, and 2FeWO,.8MnWO,} 
and in some rarer minerals. The metal is obtained 
from the trioxide bv mixing it with sugar charcoal 
(800 WO^:80C) and beating the mixtun for ten 
minutes m the electric furnace (900 amp. and SO 
volts). Tungsten alloys with iron to form tungsten 
steel, which is very hard and retains roagnetiatn 
better than ordinary steel. TDNQaTSM Tbioxide, 
WO,, is a yellow powder; becomes orange when 
heated; turns greenish on exposure to light (reduc¬ 
tion?); insoluble in water and adds; reduced by 
heating in hydrogen, first to a blue oxide of 
nneeiidn formula, next—at dull redness—to tbe 
dioxide WO„ a red brow*n powder, and at higher 
temperature'still to the metal. It dissolves on 
warming with solutions of alkaline hydroxides 
or cartonates forming tungstates* It is prepared 
from Wolfram by prolong^ digestion with hydro¬ 
chloric acid to extract tho iron and manganese— 
the acid is renewed from time to time and at last 
a little nitric is also added; from the residue tungstic 
acid is extracted by ammonia, forming ammonium 
tungstate, whicli is crystallised and finally heated 
when the trioxide remains. Tungsten trioxide is 
called by mineralogists tungstic acid. GiiloBIDES: 
The hexacbloride WCl, forms dark violet crystals; 
melts at 275°; boils at 347°; it is obtained b;^cat- 
iiig the metal in excess of etdurine in absence of air 
and moisture, llie pcntachloride WCIj is obtained 
by distilling tbe hexacbloride two or three times in 
a current of byctnrgon; it melts at 248°; boils at 
276°; forms black needles or a green powder. The 
tetrachloride WOl, is a deliquescent grey brown 
crystalline powder, decompose*! by healing into tbe 
TOntachluride and dicbloride; it is obtained by 
distilling a mixture of the two former chlorides in 
a cunent of carbon dioxide. Tbe dichloride WCl, 
is a grey powder obtained by heating the tetra- 
ehlorido in a current of carbon dioxide. Two 
oxychlorides. WOCl< and WO,Cl„ are known. 
I’TJNas’fio Acids and Tdeootatbs; Tungsten tri¬ 
oxide oombinea with water in many different pro¬ 
portions to form tungstic acids; it also unites with 
acid oxides and water to form complex acids such 
as silicotungstic acids, phospliotungstic acids. Ortho- 
tungstic acid, HfWO., is a yellow solid prac|Jcnlly 
insoluble iu water and acids, and obtained by boiling 
the trioxide in caustio soda to form a tungstate, 
which is then decomposed by boiling with hydro- 
ohlorio acid. Metatungstio acid is U,W,0„7H„0. 
raratungstates are deri\ed from tbe nnlmown acids 
BgWjU,, and H| 0 W„O,i; many tungstates derived 
from other acids than these are known. Only a 
few compounds which find application are described 
below. SoDiim Pabatdkootate, »aiBW„0„28Hj0. 
is the ordinary commercial sodium tungstate; it 
forms white efflorescent crystals and is used to stake 
cotton and liner; uninflammable; it is obtained as 
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a b;)r prodnd in the extraotioa ot tin from ite 
ores when these contain tungsten, and it is also 
made hy fusii^ wolfram with sodinm carbonate, 
extracting tlie melt with water and crystallising. 
The tungsten bronzes are obtained by reducing 
sodium tungstates in various ways, as by heating in 
hydrogen, or with tin, or iron, or by electrolysis; 
they have metallic lustre, are insoluble in acids and 
alkalis, soluble in sodium hypochlorite, and with 
ammonia and silver nitrate they give silver and 
tungsten trioxlde, but those rich in the trioxide 
require hating with these reagents in seded tubes. 
A blue bronze, Ka^WsOi^, is obtained by melting 
sodium paratiin^tate and electrolysing with six 
Grove’s cells; It Is a good conductor of electricity; 
the purple red bronze, Na.^W,0^ is best obtained by 
melting together 12*6 parts of SMium carbonate and 
68-9 of tungsten trioxide for about half an hour 
and extracting the product successively with water, 
caustic soda, and hydrochloric acid. Potassium only 
forms one bronze. PHOaPHOTUNGSTio Acids : The 
various tungstic acids unite with orthophospboric 
acid to foim a series of complex acids : the existence 
of acids formed by the union of 12, 16, 20, and 24 
molecules of tungsten ttioxide with one molecule 
of phosphorus pentoxide seems to be certainly estab¬ 
lished. Phospboduodecitungstio acid (H,PW,jO^ 4- 
25 to 30 HgO) is obtained by dissolving sodium jmra- 
tungstate (500 grs.) and ordinary sodium phosphate 
(250 grs.) in water (SOO c.o.), boiling, and adding 
concentrated hydrochloric acid (750 c.c.); the liqnbl 
is evarrarated to crystallising point, allowed to cool, 
and shaken with ether. The lowest layer is sepa¬ 
rated, the ether driven off, and crystallised. It forms 
nearly colourless efflorescent crystals; soluble in 
water. It is used as a precipitant for alkaloids, 
proteids, urea, ptomaines (putrescine and cadaverine 
especially), and many of the splitting products of pro¬ 
teids such as the diamino-acids and phenylalanine. 

Tungstic Ochre (Min.) Also called Tungstite and 
Wolframiue. An oxide of tungsten, WO,; tungsten 
= 79*3, oxygen=207 per cent. It is of a light yellow 
colour, usually pulverulent, and occurring as a 
coating in Wolfram or Sclieelite as a result of their 
decomposition, hence its localities are those of these 
two minerals. 

Tungstite See Tryesrio Ochre. 

Tonic (i'nH.) A garment shaped something like 
a shirt and worn either inside or outside other 
garments. The tunic was commonly worn by the 
Homans of either sex; that of the Homan senator 
was distinguished by having a broad vortical purple 
stripe (lattes clavis) over the breast. 

Toning Fork (Smtid, Music). A U shaped fork, 
usually of tempered steel, having a stem projecting 
from the base of the (J which serves as a handle. On 
being set in vibration (by striking, bowing, etc.) a 
nearly pure musical tone is emitted; as the pitch 
of t^is tone varies only slightly with temperature, 
a tuning fork is very useful as a standard of pitch, 
and for many scientific purpose. For musical pur- 

F oses forks are most commonly tuned to A or C. See 
ITCH (Music). 

Tunnel (OivU Mng.) An underground passage 
excavated horizontally (or nearly so) in order to 
accommodate a railway, road, canal, etc. The wall 
and roof are supported by arched masonry (except in 
certain cases wnen the rock can stand alone without 
support); this masonry, termed the Lining, is 
usually continued under the fioor of the tunnel, form¬ 
ing a complete tubular arch. Drainage is effected by 


side channels bn the floor, or by « culv^eit rum^g 
below the formation leye!; ventilation is . efflboted iix ■ 
long tu n nels by shafts, or if these are 
(as in the bt, Gethard Tunnel) by fans. 1 

Tnand (Masrine Mnp.) The hoHow passaga botanea 
the engine room and the stempoat, through 'vdiiOh 
the propeller shaft of a steamtidp runs. 

— (Miainff). Sec Adit. 

Timaei Bearings (Mcff.) Those bearings of a 
propeller shaft which are placed within the tpnaeL 
(jf.e.) 

Tap (Mng.) (1) The main mass of iron forming 
the head of a steam hammer; it carries a steel block: 
on its lower side which forms the actual face of tha 
hammer. (2) A ram. 

Tnrban (Tost.) The distinctive headdress worn by 
men in Moslem countries. It consists of a shawl or 
scarf, varying in colour, wound round a tarboosh. 

Turbine (Eng.) A turbine is a motor in which 
“ rotary motion is obtained by the gradual change of 
momentum of a fluid" (Neiison). It consists 
typically of a set of fixed vanes or blades, termed 
Guide Blades, which direct the motion of the fluid 
so th^t it impinges upon another set of vanes carried 
by a revolving axle, the whole mechanism being con¬ 
tained in a casing of suitable form. Turbines may 
be classified, according to the direction of flow of the 
fluid, as (1) ItiDiAL Flow Turbines, In which the 
fluid diverges from the axis (Outward Flow), oc 
converges to it (Inward Flow), and (2) Axial. 
Flow Turbines, in which the motion of the fluid i» 
parallel to the axis. A third type, or Mixed Flow 
TUMSINES, includes machines in which a combination 
of these forms is used. 

Water Turbines.— These ure most commonly 
radial flow machines, though for a small head of water 
(e.g, less tlian 30 feet) a parallel flow turbine, such 
as those of Fontaine and Jonval, is very suitable^ 
The efflciency of these is about 70 per cent. Out¬ 
ward flow turbines are said to be unsteady in action, 
but their efficiency is higher than the preceding, 
sometimes attaining 88 per cent. One of the best 
known forms is that invented by Foumeyron. In¬ 
ward flow turbines have been designed by Swain, 
J. Thompson, and others, and have an efficiency in. 
the best examples of nearly 90 per cent. 

When the head of water exceeds .100 feet, x 
different type, the Impulse Turbine, is advisable- 
In this form tiio passages are not full of water, as la 
the ordinary turbine, but the water rushes with high 
velocity through a series of jets or nozzles and 
impinges on suitably shaped blades. The Girard 
turbine has been suooessf ally used under a bead of 
660 feet. The I’ELTON Wheel has vanes formed 
into pairs of cups or pockets, the jet impinging on the 
edge separating two cups and dividing into two> 
parts. A Pel ton wheel is used at the Comstock mine 
in Nevada, with a head of over 2,COO feet, the 
peripheral velocity of the wheel being 180 feet per 
second. The efficiency may reach 80 to 85 per cent- 
under favourable cirourastanoes. 

Steam Turbine, —The steam turbine, ^ough tho 
most modem form of the steam engine in practice,* 
is the most ancient in actual hist<Mgr,the gem of the 
invention dating from Haro of iiexanaria, in the 
second century B.C. No further invention is recorded 
nntll the engine of Branca (1629), in which a jet of 
steam impinged on a wheel with vanes-^a device 
which is the parent of tire modern engine of De Laval." 
Other inventions are due to Kempeln (1784), Watt 
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(i704), Sadler (1791); Trevethick (1815), Ericsson 
(1830), and Perkins ^836); but tlie steam turbine 
in practical urork begins at the time when the Mon. 
0. A. Parsons, F.H.S., carried out sucoessful experi¬ 
ments in 1881. An engine of 10 h.p. made at this 
time to drive a dynamo was in actual work for some 
years, and is now to be seen in the Museum at South 
Kensington. This is a parallel flow turbine, having 
a aeries of wheels esarrying the blades, all being 
mounted on one shaft) the sets of guide blades i>ro- 
jectiug inward from the cuse. The steam pisses 
from one wheel to the next in succession. By the 
year 1888 a number of parallel flow turbines, all 
being non-condensing, were in use for driving 
dynamos, the total horse-power amounting to about 
4,d00. In 1889 a temporary reversion to the radial 
flow type was made for reasons associated with the 
patent situation; in 1802 condensers wore added, 
thereby for the first time rendering turbines com¬ 
parable with piston engines with respect to steam 
consumption, and a number of large turbines were 
built fur eioctric lighting stations at Cambridge, 
Newcastle, Scarborough, and London. 

The most modem steam turbines adopt the method 
of parallel flow, which ha.s adsantages over the irniial 
flow typo in simplicity of con.^tniction. The general 
arrangement of the blades in the Parsons turbine is 


shown in Fig. 1, the moving 
blades being light, the fixed 
or guide blades dark. 

Of a different tyiie is the 




turbine of De Laval, men¬ 
tioned above. The steam 
emerges from a scries of 
nuzzles and strikes against 
vanes mounted at the peri- 





phery of a single disc (Fig. 21, Fio. i. 

which revolves at an enor¬ 


mous velocity—c.^. 30,000 revolutions per minute 
in a small engine. The shaft carrying the tuihinu 
wheel is flexible, and carries specially designed gear 
wheels by which the speed is reduced to a siiitalilc 
amount. De Laval’s work was undertaken at just 
about the same time as Parsons’; and while tlie 
Do Laval turbine is not built in large sizes, a number 
of features, notably the diverging nozzle, lia^e been 
employed in other typ.s, and have had a most 
important influence on steam turbine development. 
Other forma of turbine are being rapidly introduced, 
one of the best known being the Ciurtis turbine, in 
which the steam approaches the first ring of blades 
through inclined nozzles, and afterwanls passes 
through a series of fixed and moving blades alter¬ 
nately. The Curtis turbine has been developed to 
the widest extent in accordance with vertical shaft 


desi^s, with the condenser immediately below the 
turbine, and con- 
stit uting an int egral 
part of the machine. 

The chief appli¬ 
cations of the steam 
turbine, up to the 
present have been 
to the driving of 
dynamos and to the 

propulsion of ves- Iio. 2. 

sels. In the former 



case the shaft of the turbine is coupled directly to 
that of the dynamo, which is specially designed to 
anlt the high speed of rotation. The marine employ¬ 
ment of the turbine dates from the little experi¬ 
mental vessel TurUnia, which; though of only 44 tons 


displacement, attained a speed of 34| knots. Tnrbiue 
engines have since been fitted to vessels of larger 
and larger dimensions, Up to ocean liners and battle¬ 
ships, with extremely promising resulti. Turbine 
engines have also been applied In various other 
ways, e,g. to the driving of fans and blowers. 

Many experiments have been made with a view to 
applying the principle of internal combustion, as 
used in gas and oil engines, to the turbine. No 
practical success has yet been attained, but it is 
by no means impossible that the difliculties may 
ultimately bo overcome. 

Taribolum. A thurible (^.#.) 

Turkey Red. See Dyes akd Dyeino. 

Turkey Umber (Dee.') This name is given to one 
of the finest qualities of umber because, although 
mined in Cyprus, it was formerly taken to CoD.stan- 
tinople for export. Turkey umber resembles the 
umbers genenillj' in composition, being chiefly com¬ 
posed of the hydratwl oxides of iron and manganese. 
The fact that the umbers contain considerably more 
of the latter oxide tlian the ochres do is tlie reason 
of the separation of the two classes, ochres being 
yellow and umbers brown. Turkey umber has a 
jiarlioularly warm violet brown colour, for whicli it 
is highly valued. Its nearest equivalent is luobably 
the Irish umber known as Cappagh brown. It is 
found that the addition of a Utile lamp-black to 
many of the second rate umlxirs makes them some¬ 
thing like Turkey umber, atwl this adulteration is 
therefore practistni, and lias to be guarded against. 
Like the umbers gcuorallj', Turkey, or as it is some¬ 
times called, Cyprus unibcT, can have various sliades 
imparted to it, in iilace of its natural colour, by lieat. 
The intensity and duration of the licat are varied 
according to the result desired ; but while the natural 
warmth of the colour can be enhanced by moderate 
heat, it is irretrievably lost on o\crhcating. 

TuFmeric. Tliis consists of the roots of at <east 
two species of plants —Curcuma Itmga, nn East Indian 
plant beJongiiig to the ginger family, and Oauna 
tpeeiosa, a West African shrub. In this country, 
however, all the turmeric is of East Indian origin. 
The roots come on the market either n.s •* bulbs " or 
“lingers.’* The roots are brownish yellow outside 
and yellow within. The fingers are from 20 to 32 in. 
long, and the bulbs are sometimes 18 or even 20 in. 
in diameter, and either spherical or egg shaped. Tlio 
roots yield on distillation an ethereal oil having a 
spicy taste and smell. They are sold as such or in 
jjowder. In the latter case they are often adul¬ 
terated with ochre and other mineral yellows, whicli, 
however, are at once detected by their great weight 
when the powder is stirred up in water, or by the 
amount of ash left on burning a sample. This will 
not exceed 6 fier cent, with genuine turmeric. Tur¬ 
meric is still to a small extent employed in dyciug 
textiles, in spite of its }oosene.s3 both to light and 
washing. What small amount of use it still fiiflis in 
this direction is due to the fact tliat it is a direct 
dye for wool, silk, cotton, and all other fibres, going 
on quite as well without a mordant as with oue, and 
that the yellow is very bright. Turmeric cau be 
used to shade faster colours, by which it is after¬ 
wards to some extent protected. Like the dye wockIs, 
it is used in the form of decoction, but it is wasteful, 
as the ooloniing matter known as curcumine is only 
sparingly soluble, even in boiling water. Turmeric 
also supplies the chemist with a test paper second 
in value to litmus paper only. Coarsely powdered 
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turmeric root is digested in strong spirits o£ wino 
for a few days in a warm place. The spirit dissolves 
out the whole of the curcumine, and assumes a deep 
orange yellow colour. Blotting paper is soaked in the 
tincture, and then dried and cut np. The resulting 
slips are unafiected by acid liquids, but assume a 
deep chocolate brown when dipped into alkalis. 
What is still more important, they behave to boric 
acid as if it were an alkali, and if a solution turns 
blue litmus paper red aud yellow turmeric paper 
brown, the presence in it of boric acid is practically 
certain. One illegitimate use of tnrmerio is to colour 
mustard which has hfd its colour diluted by adul¬ 
teration with starch. The characteristic behaviour 
of turmeric to alkalis which do not alter the colour 
of genuine mustard at once betrays the fraud. 
When powdered turmeric is adulterated with starch, 
as sometimes happens, a microscopic examiimtion 
will at once reveal the fact to any one acquainted 
with the microscopic appearance of starch granules. 
Again, a very weak solution of iodine in solution of 
potassium iodide has no effect upon genuine turmeric, 
but turns a sample adulterated with starch blue 
immediately.—A. S. J. 

Turn {Music). See Oenaments {Muno). 

<ir Turns (ff/n/., <Sefi TUBNS. 

Tumbuirs Blue {Chem.) Fe" . ¥0'% {Pe(CNX}j 
(Fcrrousferric. ferrocyanide), A blue solid with a 
coppery lustre: the air-dried product contain.? about 
28 per cent, of water; insoluble in water aud in 
dilute acids; on heating it gives Prussian bine and 
ferric osidc; boiled with potash it gives hydrated 
ferro.soferric oxide and potassium ferrocyanide : 

Fc"Fc"'s{Fe(CN).}., 4- 8KOH = 2K,Fc(CN), + 
{FeCOIlX + Fe,(011)6} 

It forms a constituent of commercial Prussian blue. 
It is obtained by precipitating pota.ssium ferrocyanhlc 
witli a mixture of ferrous and ferric sulphate, also 
by adding potassium ferricyanide to an excess of a 
ferrous salt snob a.s ferrous sulphate—in this case 
tlic fcrricyauhlo oxidises a part of the ferrous salt to 
the ferric salt, and is thereby reduced to ferrocyanide 
when the reaction becomes the same as before. 

- {Dec.) Tumbnll's blue was discovered by 

Gmelin, but it is named after a colour maker wlib 
prepared it as bis own invention. Turnbull’s blue is 
a pigment suitable for use either as a w'ater or as an 
iron colour. Its colour, a violet blue, that of Prussian 
blue having a greenish shade, is not very bright, aud 
is far from permanent, as it turns brown gradually, 
like Prussian blue, on exposure to the air. It is also 
exjicnsive to make, as red prussiate of potash from 
which it has to be made is much dearer than the 
yellow prussiate. Hence, TurnbuU’s blue is now 
rarely used. 

Turned Sorts (T'ypai?.) When a work or job 
requires the very frequent use of a particular letter 
or “gurt" it often happens that the stock is pre¬ 
maturely used up, and as a temporary expedient the 
compositor turns a letter of the same thickness with 
the foot of the sliank upwards and the face down¬ 
wards, which turned sort is easy to be seen, aud is 
afterwards rectified. 

Tomer CA’ny., efr.) A workman employed at the 
lathe. 

Turner Jenny ( Cettm Sjnming.) See Boubuno. 

Turnery. (1) The shop in which the lathes are 
situated, (2) A trade term for various wooden 
articles prodnoed by tundng (j-v.) 


Taming etc.) The shaping of wQrk 
lathe. Such work is usually cylindrical in 
but not always so—^for example, plane BUx^toes,w]^e . 
profile is not necessarily circular, can be i^odnoed 
by the operation of SiTBFAClNa (y.e*) Turned" work 1 
varies greatly in nature and in size, from the smallest 
pivots nsed in a watch to immense pieces of ordnance 
or the turntables (y.e.) used for railway work. "The 
accuracy obtainable in turning exceeds that which is 
attained by any other machine tools. 

Taming Bar {limld.) A CuiUNifT Bab (y.e.). 

Turning Chisel. A chisel whose ontting edge is 
oblique, i.e. not at right angles to the length or main 
axis of the tool; used in turning the softer woods in 
the lathe. 

Turning Conge. A gouge used in roughing out 
most soft wood when turning, as well as in finishing 
off concave portions of the work. The profile or out¬ 
line of the catting edge is usually rounded off, i.e. it 
forms an arc of a circle, whose radius varies with the 
size of the gouge, 

Turning Moment or Torque. The Moment of a 
Couple {q.v.) which acts on a body and ]>rodaces a 
tendency to turn. See also MOMENT OS’ A FoECB, 

Turning On {Silk Manufae.) See BeamiNO. 

Tarain|[ Over {Moulding). The method of 
moulding in which each half of the mould is rammed 
up separately as distinguished from Bepbing In, in 
which the lower half of the mould is fixed, the sand 
being pressed round the pattern from above. 

Turnings {Eng.) The shavings and fragments 
removed during turning. 

Turning Saw {Carp, and Join.) A narrow bladed 
saw arlapted lor catting along a curved line. Thu 
name is soraetimc.'i applied to a Bow Saw or a 
Compass Saw {q.v. under Saws). 

Turning Tools. For soft wood turning the chief 
tools are the Turning Gouge an<l Chisel {q.v.) For 
hartl woods other forms of cliisel and gouge are 
used, as well as tools resembling those used for 
turning the softer metals, such as brass. Metal 
turning tools are made with stronger blades or shanks, 
and with cutting edges at an obtn.-ie angle. Tho 
actual profile of the cutting edge varies greatly ; in 
the Geaveb and Diamond Point it Ls triangular 
or pointed; in lloUKO Kose tools it is rounded ; in 
Side Tools the cutting edge is on the side, and 
parallel to the length of the tool; PABTlNG Tools, 
used for cutting through a piece of metal in the 
lathe, are very narrow. Slide Rest Tools vary 
greatly in the form of- tho cutting edge, but are 
forged with a square shank by which they are held 
in the slide rest. 

Taming Up {Bind.) The process of making the 
back of a book in boards assume a fiat position for 
tlie purpose of cutting the foredgo; effecte<l by means 
of trindies. See Tbindle and Bookbinding. 

Turapin {Plvnih.) A cone shaped piece of hard 
wood, used for opening the ends of lead pipes. 

Toma or Tom. An old name for a lathe; still 
applied to a watchmaker's lathe, which is a small 
dead centre lathe. 

- (Music). See OBNdMKNTS,y». 478. 

Tamaeraw. A Scbewdbivbb (q.v.) 

- {Typeg.) A small flat piece of steel usually 

oral in form used for fastening 01 unfu^>^S 
BUde screw of a composing stick. 



TUB 


m 


TUB 


Tomiote (JBotany). A re4 dye formed by fer> 
mentatioa of the leaves of Ckrozephora tinrUiria 
(order, BtiphorMaoete), a oative of Grand Gallargues 
in tbe south of France; has been used for centuries 
in the ohoese industry in Holland. 

Tnratable A circnlar revolving platfom 

on which a locomotive, etc., can be tdacra in wder 
that it may be reversed, or shifted ham one line of 
rails to another. The table has a central pivot, and 
is also supported at its cironmferenoe by wheels or 
rollers running on a cimolar ring. 

Tom Up (Plumb.') The part of a lead or zinc" 
gutter turned np so as to rest against the wall. 

Turpentine (Dec.) The word “ turpentine ” is used 
in two senses. It may 'either mean the crude exn> 
dation of certain coniferous trees or the more 
volatile products of tbe distillation of these exuda¬ 
tions. The >atter is more properly called oil or 
essence of turpentine, and it is proposed in this 
article to deal with crude turpentine and oil of 
turpentine separately. 

Crude Turpeutim .—Almost all Cmiferai yield this 
product, but only a few of them yield it in sufficient 
quantities for commercial exploitation. The chief 
varieties of crude turpentine, each with its conifer 
of origin, are as follows: 


Ksiiie. 'free ot Origin. 


made on either side of an imaginary line draws 
vertically on the trunk and indium towards the line 
BO that the exndatioas from all tbe cuts will meet 
and pass to a common receive. It is of great im¬ 
portance, however, that the turpentine should be 
frequently collected and, if not at once distilled, put 
into receptacles where it is shielded from the air. 
Exposure to the air gradually hardens and coagu¬ 
lates tbe turpentine, and as this hardening takes 
place solely from the resiuification of tbe oil, it 
means loss of tbe most valuable constituent of tbe 
raw product. 

The period during which § tree can be tapped 
various considerably, and depends a good deal upon 
the age of the tree when the tapping was commenced. 
It probably averages about twenty years. In France, 
where the exploitation of turpentine is very scientifi¬ 
cally carried out, the trees arc first tapped when, 
about twenty-five years old, and are usually exhausted 
in twenty years, although there are instances of 
much more prolonged vitality. In America tbe 
state of afiEaiis is practically the same. Tbe annual 
yield of a tree may be put as averaging 15 to 16 lb. 
per annum. 

Oil of Tttbpestine.—T his is prepared by dis¬ 
tilling emdo turpentine with vrater until no further 
distillate passes over. In the condensers the oil 


Kei narks. 


American 


French 

German 


A. Common Turpentine. 

Pinus paltuM* or awtralie, 
the long leaf or yellow 
pine. 

Pinus pinaster or maritima . 

Pinus sylvestris 
„ Tctundata 
„ niyra . 

Picea vulgaris 



Thickly flowing. Yields up to 17 per cent, of oil of 
turpentine. 

More fluid than Amerio.an. Yields up to 25 jicr cent, 
of oil. 

.'<ftmi-fluid, tough and sticky with an unpleasant smell. 
Completely soluble in alcohol. Yields up to Sjp per 
of oil. 


Yenico 


B. Rarer Turpentines. 
Larix decidua 


Hungarian . 


PlnmpxmiVw or nigricans . 


Carpathian =* Pinus eembra 
Cedar Balsam. 

Strassburg , . Abies alba ox peetinata , 


Canada Balsam , Abies canadensis or balsa- 

mea . 

Cyprus or Chian Pistaeia terebMkina and 
Turpentine . P. vera . . . . 


Milky when first drawn but dears soon afterwards. It 
is colourless or brownish, bitter and with a not un¬ 
pleasant smcU. Dries slowly. Yields from lb to 28 
per cent, of oil. 

Clear. Tale yellow and thin and with a hot aromatic 
smell and taste. 

Thin, colourless, and smelling like juniper. Taste bitter 
and spicy. 

Very thin, yellow or brown, and dries easily. Very hitter 
and with a lemon-like smelL Not wholly soluble in 
alcohol. Yields about 25 per cent, of oil. 

Thin, pale yellow, with a plea.sant smell and sharp 
aromatic taste. Dries rather slowly. 

Clear or slightly turbid, and of a greenisli yellow colour. 
The taste is .spicy, and the smell resembles that of 
fennel. It is fully soluble in ether. • 


Turpentine is obtained by outting into tbe wood 
-through tbe bark. The resin which then exudes is 
collected either in a cavity scooped out in the tree 
itself or in a pot or other vessel fixed to the tree in 
such a position that tbe liquid will flow into it. The 
collection of the turpentine generally takes place aU 
through the summer, but spring is &e harvest time 
Jn North America. The exact method of cutting the 
trees varies greatly. In many* places the cuts are 


floats on the top of the water, and is therefore easily 
separated from it. The residue in the stilt is resiu 
or colophony, which is either used in this form oris 
separated into resin oils and pitch by another dis¬ 
tillation at higher temperatures. 

Oil of turpentine is mainly a mixture of various 
terpenes, and varies in its nature according to tbe 
tree from which the crude turpentine was obtained. 
Tbe terpenes are polymers of CtH„ some having the 
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lomtilft CjoHu and some CuH^. fludr chemical 
oonstitutlou fi praetioBlljr unknown, but tbef are 
immoroua, and no two oils o< tui|>entine agree in the 
te^nes they contain, although in most cases this 
dmetenoe does not affect the practical emplo 3 'ment 
of the oiL The followiag are some particulars about 
the turpentine oils most largely used: 

Amerietm. —This has an average specific gravity 
of from *86 to ’87. It is nearly always dextiorota* 
tory, but in some cases it is slightly hevorotatory. 
It boils at about 158*’ C., and almost the whole (90 
per emit, at least) should distil below 165°. 

JFVencA.—I’raoticallje the only difference between 
this and the American oil is that the French product 
is invariably Imvorotatory. 

ffemun.—This is again dextrorotatory, with about 
the same gravity, .but a somewhat higher boiling 
point than the American oil. 

Kussian oil of turpentine is the heaviest 
of all, having a specific gravity approaching 0-876 
or even 0*88. It is dextrorotatory, and boils between 
170” and 176® C. Its disagreeable and pei-sistent 
smell is a great bar to its use. Were it not for this 
its cheapness would secure for it a far larger con> 
sumption. 

The chief nse of oil of turpentine is for thinning 
oil varnishes. It is impossible to thin tliem with 
oil, as the time of drying would thei-eby be unduly 
lengthened. Tuipenti’ne oil thins the varnishes till 
they can be easily applied with a brush without 
precipitating them, and as it is volatile the diluted 
varnish dries as quickly as the undiluted. Turpen¬ 
tine oil is also used to some extent in medicine in 
the treatment of bronchitis, and as an anthelmiutic, 
as well as externally as a rubefacient. The pharma¬ 
ceutical tcrebennm is prepared by the treatment of 
rectified oil of turpentine with sulphuric acid. The 
acid destroys the optical activity of the oil, whether 
it is dextro or Imvorotatory, and is then removed by 
repeated washing with water. 

ThS chief adulterants of oil of turpentine are 
petroleum and resin oil. Both arc easily detected 
on distillation. If the oil docs not begin to boil 
below 155® C., and leaves practically no residue after 
prolonged exposure to a temperature of 165°, it may 
DC considered pure. Oil of turpentine is itself em¬ 
ployed as an adulterant of many essential oils. It 
may be mentioned, in conclusion, that the separation 
of oil of turpentine from the natural resin exuding 
from pine trees is au operation at least 1,200 years 
old. It is mentioned by Marcus Graecns in the eighth 
century in a work entitled Ziber ignium ad ww- 
iurendot hontet. This may be rendered **A work 
on fires for burning up your enemies.”—A. S. J. 

Turpeth Mlnepal {Ck-em,') A basic sulphate of 
mcarcury formed by boiling mercuric sulphate (see 
Mebcpst CouPOVJtBS) with water; it is a yellow 
powder sparingly soluble in water. 

TomooIm (Jl/ia.) A hydrous phosphate of alu- 
miniw with a low variable percentage of cuprous 
oxide. Usually reniform or encrusting. Colour, the 
blue of the same name. From India, Thibet, Aratfia, 
Persia, etc. It is nsed extensively as a preoious 
etone. See PitBCiooB bTONEs. 

Tnnet (Arehiteet) A small tower, A turret 
oontaining a stair is frequently attached to the main 
tower of a church. 

—• i.Ung,') A form of rotating 

tool holder carried on a slide r«jit. A number of 
tools are fixed ia the bolder, and any one of these 


can be brought into action at will,, thus enaWlihg A 
number of operationg to be cairied out hi suooesSMMt 
on the same piece of work. The hse of A. tiaret 
greatly facilitates the production of te|)etitioh .wo^ 

Tuiret Latiie. A lathe fitted with a Tcutstt pr 

CAiPBTAii (y.r.). 

Tanrahv Bark (^Leailwr Mantifm,) This is the 
bark of a species of acacia (Aeaeia asrieulata) used 
in India for tanning sheepskins. 


Tosoan Order. 

dsed by the 
Humans. See 
Doric end 
ABCUITEO- 
TUKB, OBDBBS 
OF. 

Tusk Tenon 

iCarp. and 
Join.') A form 
of tenon used 
in large fram¬ 
ing, having the 
form shown in 
Fig. 6, .p 754 
(art. Tknon). 

Tutti(ifu«;o). 

AU; full. 

Tuyere or 
Twyere (Eng., 
Met., ito.) The 
nozzle or jet 
thro^l^h which 
an air blast 
enters a fur¬ 
nace or firo. 
The name is 
also spelled 
Tukb, Tweeb, 
a ?i d T u E 
iBOjr. 

Twaddell 
Degrees. See 

IlyUBUaiETEB. 


A modification of the Doric order 



Tuscas Obueu.' 


TwaddelPs Scale. See Hydbometebs. 

Tweezers (Tgpog.) Small pincers of spring steel 
with fine pointed jaws used for extracting a typo 
from a line or page of matter. 

Twelfth (Music). (1) An ozgan stop sounding 
the interval of a twelfth above the note played. (3) 
The interval of the doable fifth. 


Twelvenio or Duodecimo (Print., etc.) A sheet 
of paper folded so as to form 13 leaves (24 pages); 
generally written 12mo. A book made up of sheets 
folded in tins manner. Cf. Octavo, Quabto, 
Sixteenmo. 

Twentyfonmto (PHn^., etc.) A sheet of paper 
folded so as to form 24 leaves (48 p^es); generally 
written 24ino. A book (of small size) made up of 
sheets folded in this manner. <7; Octavo, QUABTO, 
Twelvemo. ^ 

Twilight (Asfrwi,) The iiluminataon of the upper 
air after the sun haa set. It continues so long as 
any portion of this illuminated air remains in sight 
of the observer. Caused by reflection of sunlight 
from upper portion of the earth’s atmosphere. 






TWI 


800 


TYP 


Twin (Teittile Manv/ae.') A simple type of weave, 
resulting in a fabric with fine lines or ribs traversing 
the cloth diagonally from selvedge to selvedge. 
Broad classification is that of warp and weft twiUs, 
in which the warp and weft respectively make the 
foce of the cloth. 

Twin Crystals Crystals, the two halves of 

of which show a rotation from the normal of 180® in 
a plane known as the twin plane Sometimes 

the cijstals appear to penetrate one another; they 
arc then known as Interpenetration Twins, 

Twinkling of Btan See BciitTiLi.A.TiON. 

Twin Plane (Min.) An imaginary plane in a 
twinned crystal which is either parallel to a possible 
face or normal to a possible zone axis, of each of 
the members of the twin system, and is such tbar 
if one half of the twin system were revolved in that 
plane through two right angles, it would occupy the 
place of the other half. See Ststems op CBtSTALS. 

Twin Screws A pair of screw propellers, 

one being placed on each side of the sternpost of a 
steamship. They arc right and left lianded, and 
are rotated in opposite directions when the vessel is 
steaming straight ahead. 

Twist. Turning, convolution, or flexure. The 
term is also used loosely to include torsional stresses 
and strains. 

- {Textiles}. See Yaeit. 

Twist Bits ( Carp, and Join,.} Bits having a thread 
and cutters at tlie end, and twisted in their length. 
C /. Twist Dbill. 

Twist Cop ( Cotton Sjjinninff}. See Cor. *' 

Twist Drill {Eng.} A drill having a cylindrical 
body or shaft with two (or more) grooves of helical 
or screw shape running round it. It is the best form 
of drill for almost any purposes. The end of the 
drill is accurately ground to a conical shape, au<l the 
cutting edges are formed by the intcrseciion of this 
conical surface with the grooves. 

Twist Drill Grinder {E)ig.) A machine in which 
a twist drill is held and pressed against a revolving 
emery wheel, in order to jiroduce a truly conical 
point whose axis coincides with that of the shaft or 
body of the drill. 

Twister {Textile Mannfax.} A machine on which 
fancy yarns are obtained by folding two or more 
threads together. 

Twist Hand {Lace Manvfae.} A workman em¬ 
ployed in any description of twist lace; a lace maker. 

Twisting {Silk Mmnfax.) The process of joining 
a new warp to the thrum {q.v.} in the loom, tlio 
threa»ls being played out one by one on tbe cross 
rods and joineil with a twist by finger and thumb. 

Twisting In. 

Twisting In ( Weaving}. An alternative process to 
drawing in. Attaching the threads of a new warp 
to the ends of a finished w'arp which have been pre¬ 
viously drawn though the bealds or harness mails. 

Twisting Moment. Tobque or Tubning Moment 
{q.v.) 

Twist Laee {Laoe Manv/ae.} Lace made upon 
what is usually known as Nottingham laoe maobinery, 
after Heathoote and Lever’s principles, in which 
bobbins and carriages are employed. See Laob 
Hanueaotubb. 


Two High Mill or Bolls {Met.} A rolling mill 
consisting of two rolls, one above another. See 
llOLLB. 

Two Line Letters {Tgpog.} Letters of the depth 
of two lines of type and used as initials. See Ttpeb. 

Two Balt Water. Water in which the amount of 
dissolved salt is double that of normal sea water. 
This is the highest degree of concentration which the 
w'ater in a marine boiler should bo allowed to reach. 

Two Throw Crank {Ehig.} A shaft with two 
cranks forged or fixed upon it, the cranks usaall 7 
being at 90“ with each othci^. 

Two Tone {Lace Manv/ae.} A term appplied to 
lace composed of cotton of the natural colour (ecru) 
interspersed with objects of white. 

Twyere or Tuyere {Eng., Met., etc.} See Toybbe. 

Tympan {Print.} A thin iron frame covered with 
parchment on which the slicot of paper to be printed 
is placed. See Ttpogbaphy. 

Tympsm Hooks {Print.} Small hooks fixed on the 
upper side of the outer tympan of a press. See 
Typogeaphy. 

Tympani or Timpani {Musu^, The kettledrum. 
See MUtilCAl. Insteuments, -111. 

Tympan Joints {Print.} The joints by which tlie 
outer tymi>au is attached to the carnage of a press 
on which it woiks. See Tyi*ogu.vphy. 

Tympanum {Architect.} The sjiacc enclosed be¬ 
tween tiic horizontal and raking cornices of a 



Tvmpasujc. 

Essendiuo Ciwpvl, Butlond. 


classical pediment. Similarly, the space between thfi 
flat bead of a door opening and tbs arch over. * 

Tymp Arch {MH.} The arch over the opening in 
the front of the hearth of a blast furnace. 

Tynes (Her.} The small branches projecting from 
the antlers of a stag. 

Typefoujlding may be said to date from the 
time when the early German typographers invented 
tbe system of cutting sejiarat© punches for each 
letter or character, and driving the punch into a 
piece of bard metal, thereby forming the matrix, 
which was adjusted to one end ot & mould, and 
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ctat therefroia—the body or diaok dt the 
type.bieijie l<»aned by the moald, and the letter or 
6t» by the impression of the pnnoh. Types were 
'^rij^ini^ MBt hand mould.” ^e operator Wd 
l^e monld with the matrix adjusted in Ms left hu>d, 
and by meant, of a small ladle ponxed in a sufSc^mit 
amotip^ o(. molten metal to form the type, which was 
released when the upper and lower sections of . the 
mould were separated. 

The art of Typefonnding consists of several pdro. 
cesses: (1) Draiguiiigthe face, (2) Cuttii^ the punch, 
(8) Striidng or “ nowi^” the matrix, .(4) Justifying 
the matrix, (C) Mixitlg the alloy, (6) Casting the 
type, and (7) Dressing and fipishing the 
inodnot In designing the face it is neces¬ 
sary that the artist be acquainted with the 
special requirements of the printing trade 
and the promrtions of each letter in 
the fount to be produced. The different 
parts which form the characters must be 
in strict relation to each other. The 
catting of the pnnch requires patience, 
artistic skill, and minute attention to 
details. Steel which has been annealed 
to allow of easy working is used, and it 
is afterwards temi>ered to overcome the 
resistance of the subsequent driving. The 
punch may be callerl a type in steel, the 
engraved end being tested by minute 
callipers and gauges to verify' the width 
of the body strokes, the fineness of the 
cross strokes and the curves and lengths 
of the ears and scrif-s, which are subject 
to certain scales of proportion. A counter tbs Punch. 
punch is sometimes used to form the 
open sj)JK» within the letter “ O," it being easier to 
form this hollow by a punch than by the process of 
engraving. The matrix, which is a small rectangular 
piece of copper, with one side highly polished, is fixed 
in a block nud the punch driven in by means of a 
hammer at a point near the top and with equal space 
at the .sides. A small burr in the copper is 
caused by this operation ; this is smoothed 
off and the impression is mathematically 
adjusted for tlie purpose of securing proper 
alignment and uniform height of all the 
cliaracters in the fount of tyire. Matrices 
axe also obtained by a process of electro- 
typing whereby a large number may be 

grown ” at one time. 

Types are usually cast in an allo}% of 
which the ingredients are lead, antimony, 
and tin, the proportions varying according 
to the size and quality of the letter required. 

Lead gives ductility to tlie alloy, antimony 
the required hardness and sha^ness, and 
tin gives toughness and a finer grain to the 
mass. Antimony expands in cooling, and 
^us further assists in the production of a perfect 
^pe. *A trace of copper is sometimes Incorporated. 
TliB proportions of a good alloy are: Lead, ^ per 
<»nt.; antimony, 25 per cent.; tin, 25 per cent.; 
comber, 2 per cent. 

hand mould is practically obsolete, but is used 
oociuiionally for casting special characters. Similar 
in principle is the machine mould, which consists of 
a number of pieces of hardeped steel fitted with ,the 
utmost mathematical accuracy. It is constxuoted tQ<^ 
open in halves, which separate and release the typq 
wnmi bast. The matrix is fixed in position by a bow 
npidng over the prifioe of the mould.' Uolten metal 
is injected by a&aas of a pump. As the wheel of the 
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maebiae revolves, the monld is peesemted to.the 
of the pump, receives a charge, and iretnpis et, 
folly formed type, which is dt^harged astd tlie %PCt% 
tioa repeated. An important fniunkmof the .m{!^d 
is to form the nitfics, which distinguish the nuuip 
founts of different faces. There may be one or mote 
nicks, and they ore caused by fixing into grooves on. 
the hx>nt of the monld small pieces of steel wirei^ 
Another jneoe of wire is placed in a drilled hole in 
the upper body to form the pin marie, which is used 
for dimhaiging the type after it is cast. 

Attached to the body of the type as it leaves the 
mould is a piece of surplus metal called the 
“jet,” which may be detached automatioallj 
at the moment of discharge or be broken off 
by hand, This is tlie fir^ necessary process 
in finishing. The types are then rubbed on 
the surface of a rou^i atone to. remove any 
“rag” or burrs arising from an imperfect 
mould or badly fitted nicks, and afterwards 
set in lines on narrow woc^en sticks. The 
lino is inverted and the break of the jet 
removed by passing a groove over its whole 
length. The fronts and backs of the letters 
are scraped, and the types restored to a face¬ 
up positiem, examined with a lens, and all 
imperfect letters rejected. In cases where a 
irartion of the face overhangs the body of a 
type, as in the letters j and y, kerning is 
necessary, and this is effected by rubbing the side of 
the body on which the projection shows along the 
face of a bevel edge file. By the old hand-casting 
process a man could produce from 2,000 to 8,000 
types in a day. The average machine output is 
nearef50,000. Perfecting machines are in use which 
cast and break off the “jet ” of the type, finish, and 
arrange them in line ready for making up into page. 
A machine which casts and finishes ty}^ still mote 
rapidly w the Wick liotary Type-castiag Machine. 
This consists primarily of a horizontal wheel with 
channels on its surface radiating from the centre. In 
each channel is a sliding piston having a matrix on 
its end nearest the outer edge of the wheel. The 
channels arc covered with a disc, and thus present 
a series of openings in the periphery of the wheel 
^rorresponding with the size of the ty)ies to bo oa^. 
As the wheel revolves, these openings pa.s8 in suc¬ 
cession before a minute opening in the mould 
through which a constant stream of molten metal 
is being forced by pumps. When the mould has 
passed the nozzle, the pistons push out the finished. 
type on to a travelling chain at the rate of about 
5U,000 an hour. 

Type High (Typog.) The height of a type. The 
term is used in connection with the mounting of 
stereo, electro, and engraved plates for use with 
type. 

Type Holder (Bind.) An implement Tor holding 
the metal type when set up for lettering labels or the'' 
back and sides of books. Cy. HAirp LiSTTSsa 

Type Metal (Chem.) An alloy of lead, antimony, 
tin, and occasionally copper. It expands on solidi¬ 
fying. It is used in type founding. Tym m^als 
vary a good deal in the proportions of their otm- 
stitoents^ e.y.: 

- I 11. 

TAad ... 50 M ' 

Antimony , . 25 Id'S 

J. Tux . . 25 8« 
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.Typei The letters or characters used in 

priotW They afe generally cast 
in an alloy of lead, tin, and anti¬ 
mony. In some cases a smalljter- 
oentage of copper is added. Tney 
vary in size from the Minikin 
(^atmnt 20 lines to the inch) to 
tbe large poster series, and the 
nnmlic^ of faces is infinite. The 
standards of English founders 
differ; but the practical base 
from which all sizes are regu¬ 
lated is the J^ica —one-sixth part 
of an inch in depth of boily 
from back to frmit. The intro¬ 
duction of the Point System 
has removed many disadvantages 
arising from lack of uniformity 
in English bodies. There arc 
72 {Ktints to the inch, and the 
following table shows the com- i®* The face, 
parati\e relation of one system 
to the other ia the more im}>ortant founts: 


}. The shank 01 body. 

2. The nioks, < 

3. Tbe iiin mark. 

4. Hie feet. 

6. TbearooTe. 

6. The front. 

V. The hack. 

8. Tbe shoulder. 

6 . Tbe bevel. 


by hand. The ThobiIB machine, which is of this 
class, composes movable types speoially nicked. 
The types are assembled continnonsly, and divided 
into lines of required width by a person who sits 
near the operator of the maomne, which consists 
of a keyboard and two vertical cylinders. Tbe 
cylinders are upon the same axis, and are placed 
one above the other. The enrfaces of these cylinders 
contain a number of channels abont an inch deep, 
running the whole length. The upper cylinder 
revolves, and has an attachment regulating the dis¬ 
tribution of the type. Every channel in this cylinder 
being filled with lines of mixed type, it is made to 
revolve, and each type drops as it comes in contact 
with the groove in the lower cylinder corresponding 
to tbe nicks until the various channels are filled. 
When keys on the board are depressed the corre¬ 
sponding typo are transferred from the lower cylinder 
to a point where they are conveyed by a travelling 
band to a setting stick and gnliey for the purpose 
of being justified. The Moxotvpb machine costs 
separate types, and assembles and justifies them 
automatic^Iy in successive lines. It is oonstrnctcd 


Pointa. 

Diamond . 4^ 
Pearl . . 6 

Buby . . 

Nonpariel . fi 
Minion . . 7 

Brevier . . 8 

Bourgeois . 9 
Long ITimer. 10 
Small Pica . 11 
Koa . . 12 

English. . 14 

Great Primer. 18 


woxiurato Pica Eni«. 

liuea to 
foot. 

192 

173 From the Eaptiratas, Abraham, not without divine (ruldanco, wanden towanis the Weet. Tbe derort oiaKia 

l;;7 From tho Kuphrates, Abraham, not without divine guidanoe, wanclcre towarda tbo West. Tbo des 

144 From tbe Euphrates, Abraham, not without divine guidance, wanders towards the West. T 

123 From the Euphrates, Abraham, not without divine guidance, wanders towards 
108 From the Euphrates, Abraham, not without divine guidance, wanders towa 
97 From tbe Euphrates, Abraham, not without divine guidance, wanders 
8G From the Luphrates, Abraham, not without divine guidance, wa 

78 From tbo Euphrates, Abraham, not without divine guid 

72 From the Euphrates, Abraham, not without divine 

C2 From tbe Euphrates, Abraham, not without 

54 From the Euphrates, Abraham, not 


The next sizes in their order are Double Pica, Two 
line Pica, Two line English, Two line Great I*rimer, 
Two line Double Ilea, and t'anon, which is the last 
to have a distinctive name. Tlio larger sizes are 
designated according to the number cf picas con¬ 
tained in the depth of bfidy. Tbe Spacer .and 
QuadraU, used for separating words and filling up 
blank spaces, are proportionate in thickness to the 
em of the body; 

jJtsiT (pace. Tbiu (puce. MicUlIc apace. Thick ipooe. 

I I I I 

8 to em. 6 to em. 4 to cm. 8 to em. 

Eu ^nad. vnnf, qtand. 2 em quad. 8 em quad. 4 etu quad. 



‘■yyhen founts are cast on the unit set system the 
types as well as the spaces have the same propor¬ 
tionate relation to tiio em. Tbe height of a tyi^ 
from the bottom of its feet (4) to tbe surface (10) is 
of an inch, or abont tbe diameter of the English 
shilling. 

Type Betting Machines. Tiiose now in use are for 
the most iiart improvements on different machines 
patented by Battersley, Mackie, and <ithers about 
the middle of the nineteenth century. Two were in 
operation in Hull during the year 1862. Ordinary 
foonderB’ types were used, and the lines were justified 


I in two parts, vis. a key board and a casting machine. 
Tbe keyboard, operated independently, consists of 
a number of keys corresponding with the character.^ 
in tbe die case of the casting machine, a set of 
punches, and a registering attachment. As the 
keys are worked tbe punches, acted on by com¬ 
pressed air, perforate a roll of paper in special 
positions, so that when tbe roll is transferred 
to the casting machine the perforations regulate 
tbe matrices conforming with tho letters punched, 
and bring them into i>ositiuu for casting. At 
tbe same time as the perforation is effected, the 
scale action, previously set to the width of the line 
required, registers the letters as composed, and 
towards the end of tbe line a l>ell is rung. Tbe 
operator may then, by depressing keys indicated on 
the register drum, perforate the necessary sytacing for 
filling out the line. When tlie roll of perforated 
paper is transferred to the casting machine it brings 
the required matrix into position over the mould, 
through which the metal is jinmped. Tbe types arc 
cast in a vertical position, and ejected continuously 
nntil a line is completed. It is then drawn off to 
a galley, the carrier returning to receive successive- 
lincs as completed. Tbe Lixottpe machine, -«b its 
name implies, produces a “ Une-o’-type ” instead of 
separate characters. It consists of three parts in 
one combination: (a) The mechanism for assembling 
tbe matrices by tho manipulation of the keyboara; 
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(b) the casting appaiatns which prodnocs the sing 
Qt line trom the assembled matrices; and (e) the 
anangement for distriboting the matiices into their 
respectire magazines after the lino has been cast. 
These operations are performed cononrrentlj, 
matrices used for the first line aro Wng distributed 
while those for the second aro being cast and those 
for the third' ore being composed. The depression 
of a key releases a matrix from its position in the 
magazine, which contains all the cliaroctcrs assorted 
in eloping channels. It is then assembled with 
others in order of copy until tho ueco^sary number 
of words for a Unc is completed. The words arc 
separated by space *baQds consi»ting of two steel 
wedges, the outer edges of wiiioU are always ijarallcl. 
The completed line is moic<l to tlie elevator aud 
thence to a vice, where tho matrices aro brouglit 
into alignment, and locked against and ncrr)BS tlie 
face of tlie mould. The metal is then forced into 
the mould, which has already been set to cast the 
slug in the required lenglli and thickness. It Ls 
afterwards raeolianieally trimmed aud delivered to 
a galley. The discarcled matrices aie carried by the 
elevator to the top of the magazine. Over this is 
fixed a distributor bar with ribs to engage the teeth 
of the mutrioes, which slide .along until each roncl.es 
the moutli of its pioi^or I'hannel. I'bu libs of the 
bar being in harmony with tlio teeth of tho matrix, 
its release is comijclled. The AIokolinr machine 
differs in design and construction from the binoty] e. 
Its output is, Iiowevcr, similar. The maoliinc consists 
of a keyboaid, luagnziuo for bialricos, and automatic 
justifying spsicera, a casting well, delivery attueb- 
ment, and distributing mecbanisin. The magazine 
contains 6(X) matrix bars, each having twelve intuglh 
letters on its fiont edge. These, bars stand iiebind 
eacli otluT in cliaiiucls, and are assemlded in accord¬ 
ance with tho action of tlio keyboaid in lines. The 
operator moves a lover on the keyboard, and tlie 
maciiino autoinaticnlly justifies, casts, and delivers 
tlie lines on to a galley, and tlit> inatrix bars and 
sfiiiceB are returnecl to the magazine. 

Typhoon (MeteoroL) Cyclones in tho torrid zone 
in their greatest dcvelopnient aie called typhoons oi 
hurricanes. They vaiy from n few miles to soveial 
hundred miles in diameter, and arc nccora^junied by 
great winds and torrential rain. See C'YCLOKK. 

Typography. The art of setting uji types and 
taking Impressions from them. The evolution of 
modem Typography may bo traced from the in¬ 
vention of movable tyjics, the secret of which, 
according to Hadrian Junius, was discovered by 
I.aurent Coster, of llnarlcm, aud became known to 
(lutcnberg, wlio in 1439 devoted idmself wholly to 
tho art of Typography. Toter Selueffor, working in 
conjunction with Uiitenbcig and Fust, invented a 
method of casting types. 'Jhese were usefl in 1454, 
und the first coinpietc book, the Gutenberg Kible, 
vva.. issued in 14.>ti. The art w-as intiodnccd into 
Kagland in 147(5 by AVilliam C'axton, who practised 
it iu the precincts' of Westminster, using what is 
known ns Black Letter type. Of the noialile woiks 
produce,!!, Jhe IMei and myingx of the Philotophers 
(probably the first book printed in England) and The 
^ Game and Playe of Cheac, printed iu 1474, may be 
mentioned. Roman types were flist used by Wyukyn 
de Worde, of Lorrsiiue, Later on Typography siircnd 
to various towns, notably to Oxford iu 1478, and to 
Ht. Albans in 1480. Little progress was made in 
England during the sixteenth century. TJie first 
■English Bible printed in Roman type was produced 


in Edinburgh in 1576. On the Continent, Chjfistopbct 
Plantain, pf Antwerp^ nod the Elzevirs, of Leyden, in 
Holland, had deme much to improve the proauctfalna 
of Tsrpograph}'. Piintiog was established in' the 
North American Colonies during the seventeenth 
century; but the most famous of its exponents in that 
Xmrt of the world, Benjamin Franklin, woe not bom 
until 17(M5. Previous to 1720, English printers ob¬ 
tained their best types fiom the Dutch founders, hot 
with the advent of fioskorville and William Caslon a 
marked advance in English manofocture was begun. 
To the fine character of tho types cast by tho latter 
may be attributed much of tho perfection of modem 
book printing. - Caslon commenced casting types for 
Cambridge iu 1750. The early years of the nineteenth 
century witnessed still furtW improvement. The 
eager demand of colieotors was the caiue of many 
Bumptnous works being prodnued, almost regardless 
of cost. About 1830, Charles Whittingham, of the 
Chiswick Pie.'8, by the introduction of headpieces, 
tailjiicees, bordeis, and other typographical orna¬ 
ments, effected a revolution in style, and to him 
and tho publisbcr, William Pickenng, is due tlio 
inception of “old style” printing. The improvements 
in the cliaraotiT of types and tyimgraphio ornaments, 
as well as developments in wood engraving, paved the 
way for tlic introcinction of illustrated j^riodicals, 
of wliich tiic modem magazine is tlic outcome. 
To Mr. Theodore De Viuuc, an American printer, 
may be attiibutcd niuc'i of the cxcclleneo of modern 
Typognmliy. He has consistently advocated a high 
standaid of beauty aud purity iu type faces, and 
ho has also c>unsidcrably advanced the mcoiianical 
processes by introducing tlie svstem of printing 
on dry paiver—a necessary condition in tho re- 
praduiliou of pliotographic process blocks, which 
1 ave almost entirely superseded wood engravings. 
1‘rior to tlie intrwliictioii of type setting machines 
(^.e.>, little, if any, change was made in the actual 
proce!>.s of Cowfioiiiny l.vpe. Until about the midillo 
of the nineteenth century the compositor used almost 
ex'duMvcly the same methods and tools as his eaily 
predt'ce.ssors. Any departure was in the direction of 
“ disjilay ” or “jobbing work,” which the use of com¬ 
plicated orn<‘uncnt«uiid “fancy " types maiie possible, 
and the cultivalion of “style” encouraged. Hand 
com})usitiun is accomplished practically on the 
origuinl plan. The types arc “ distributc'd ” one by 
one into shallow coses containing diviMous or boxes 
to liold each cliaracter. These cases, which are 
usually in i>airs for ordinary Roman founts, nru 
“ jmt up ’’ on frames in a sloping position. The 
uppei u.ase contains 98 boxes in all, aud into tbtse 
arc put tlie capital letters, small capitals, figures, 
signs, and “ p<*culiars,” The lower case captains 
63 boxes of different sizes. For Hebrew, Greek, etc., 
the divisions of the cases are varied and more con.- 
plicated. From tlie cases the typos are picked out as 
required by tlio ccjmMsitor, and plat'ed in the “ com¬ 
posing brick," a trayuke iron frame. By means of this 



CoMFOBiso Stick. 

stick the types aro arranged in lines, according to 
“copy.” As the stick is fiUed the matter is lifted on to a 
galley. “Matter" may be “solid" or “leaded^ When 
the lines of type are close together they are smd to he 
solid, and when opened out, leaded. The leads used 
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for the punposo axe thiaBtilpaof ntetal oat to the full 
len^ of th9 line of tjrpe,aBd of vidtlis varying from 
^ to ^ of an incht the technical terms being 12-to- 
pica, 8-tO'pioa, 6-to-idca, and 4-to-pica. The ” pica * 
u oae*Bixth of an inch. (See Types.) Leads of a 
thinner make are sometimes need, and vhen the 
strips of metal aro thicker than 4-to>pica they are 
called “ damps.” The lines having been spaced and 
" jnstified ” td eqaal lengths in the composing stick, 
they are easily fastened in the galley, and a rough 
impression obtained on a galley press. This impres¬ 
sion, usually termed a “ slip ” or “ first proof," is 
taken to the reader, whose duty it is to detect and 
mark all proof corrections (g.v.) When the mistakes 
are corrected, the matter is ready for “ making up" 
(q.v,) into pa^s of the required size. Headlines and 
folios are adderl to give the order of pagination. The 
pages are subsequently “imposed”—that is, laid 
donm upon an iron imposing surface in such order 
that, when •• locked up ” and printed on a sheet of 
paper, the latter way be folded so that the pages 
follow each other consecutively. The pages arc 
locked up by means of fumitnre (g.v .)—which is 
arranged in such manner as to give the required 
margin round the pinted pages—and quoins (or 
wedges) in an iron frame or chase, which in book 
work usually contains eight, sixteen, or more pages. 
The combination then becomes a “forme,” This 
imposed forme is now ready for the press. The art 
of the compositor is not confined to book work. 
Jobbing and the cultivation of styles of display have 
opened up large po.saibilities in the grouping and 
arrangement of type.s and lines. Elaborate designs 
are effected by the use of appropriate ornaments, and 
the discriminate use of tints and coloured inks in 
printing materially aid the comporitor in prodncfeig 
artistic results. The arrangement of mtisic types, 
the composition of the Greek and Hebrew languages, 
tabular matter, and mathematical workings demand 
no mean degree of mechanical skill and general 
knowledge, 

Jt is in the actual process of PBlSTlNtl, or the im¬ 
pressing stage of the art, tiiat marked advancement 
is to be found, but the more important developments 
may be traced from a ijeriod as recent as the begin¬ 
ning of the nineteenth century. Until that time 


nearly all pnnt mg was done on hand presses, and then 
only by one or two pages at a time. The first print¬ 
ing press was probably an adaptation of some domestic 
appliance, the impres.sion being obtained by means 
of a wooden screw forcing a wooden platen on to the 
forme, which was placed on a flat stone bed. The 
wooden press continued in 
use for three centuries and 
a half. In the year 1800 Q qI 

Lord Stanhope introduced F " |» 

the first distinct im^ove- 0 

ment. The wooden aarew ^ 

was abandoned in favour 
of a system of levers, and 
the size of the press was L****^--^ 
incieased. Further, it was , F i>0 

built entirely of iron, and W .. ^ 

consisted of a heavy frame I jr\VJj 
in one piece, screwed to a | I Vd Ini 

wooden foundation called I j JXvl l\\ 

the “cross.” Bv a com- Vft 

bication of levers the platen (,o««bsbo’b Pwsb. 
was made to descend with 


inoreasiag force until it reached the type or forme. 
FlrcMii tbb time improvetnents have been continuous. 
The Stanhope press gave way to the Colambiaa and 


Albion presses. Theessentialpstfts^f the Oplnmliteii 
are stronger l^n those of toe Stapbe^, and tbb, 
recovery of the' platen is selfr ao%g. Tbe Albloa 
press is typicAl of the band ptesses how In use.. H 
is ligliter and 

t yin pan, con- Coi.chsjas Fbiws. 

listing of a 

thin iron frame, over wliich is stretched .a skin 
of parchment. This is backed up by another thin 
frame, also covered with jmrehment, which fits into 
the tympan frame by means of hooks. Between the 


two parohmenis 
is placed a 
number of ^hects 
of paper, so that 
the whole forms 
a imd into which 
are also jdaced 
the extra sheets 
prepared in 
‘•makingready " 
(f/.i>.) E-ach sheet 
of paper to be 
printed is placed 
on the surface of 
the tympan and 
lowered on to 
the forme of type 
which has 
already been 
inked. The bed 
is then passed 
under the platen 
of the press, and 
the impression 
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made by drawing 

over a bar actuating certain levers and cansing tbe 
platen to descend. Tbe frisket—an iron frame over 
which a sheet of paper is pasted->is sometkUes 
lunged to the top of the tympan. Tbe paper on the 
frisket is cut away in places where the type is to be 
printed, and, being laid over the white sheet, falls 
upon the forme and preserves the margins clean. 
Originally the formes of type were inked by balls- 
made of cotton wool covert with skins or pelts. 
With these the face of the tjm was beaten until a 
Bufilctent quantity of ink waa dlstHbuted. They were 
supersedea by “ follera,” Which are oomposed of a 
mixture of glue and tr^ele, and these, in iipproved 
form, are now in ^aetal uwi. 
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laMhine, aa applied to priating, may l>e 
■Aid to bftvo been ftnst ns^ In connection irith q 
mechaaiun invented by Hioholeon, oI London, in 
1790, worked by steam, and improved by Kosnlg 
about 1807. In this the principle of impression by 
platen was discarded, ana a revolving iron cylinder 
need to force the paper on to the forme. This 
naobine attracted the attention of Mr. John Walter, 


tevolvai in sympathy with the re<dprocaiingnaiotii«p 
of the bed. Hie sheet of paper is presented dkona 
a feed board to the edge m the cylinder, whidl^ 
is fitted with a bar nmning the whole leog^ 
Grippers Mre fined npon the bar at intervals. The 
grippers secure the sheet nntil the eyUndet has 
revolved over the snrfeoe of the type, when it ii 
released and carried by tapes or flyeu on to the 



of Tlie Timet, who onlcrcd one of tlie same principle 
to print that newspaper. Ihe niaihiue liad two 
cjliuders, was driven by steam, and made about 
1,8(^ impressions in an hour This cjliudjical 
macuine is the basis of all modem advances. Ira* 
proveuieuts in inking arrangements wcie made, 
and the number of cylinders increased until U,600 


delivery board, lieing piinted on one side of the 
])B|ier only. Dming the roci]irncatiiig movement of 
tLe bed the forme is inked by rolleis running in 
forks fixed to the side frames. Ihc ink is contained 
in a “duct" fixed at the end of tho frame of the 
machine. This duct is in immediate contact with a 
distributing drum, Irom wliicb a suxiply of ink is 
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Impressions per houi were produced. Of the iSteylc conveyed by the “ vibrator,” or »ollcr with a vibrat- 

Cyhnder machine the English Whaifedale b^t mg motion, to a flat iron slab at the end of the 

serves as a typo of the whole. This machine rcoipro<‘athi^ bed, on which it is evenly dfetribated 

has two side frames and four cross frames with by the “Wavers.” Tho ink ifi then taken from 

longitudinal stays. These carry a flat bed or “coffin,” the slab by tlio “inkers" and deposited on the 

upon which the forme tiavels backwards and for* forme. < Many impiovements in details have beeii 

wards. The cylinder is supported on brackets fixed introduoed of late years, including the gearing 

to each of the side fiamcs in ihc centre, and of rollers, by which means their revolutions are 
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cooti'olled; antomatic feeding and tiddng ofi '* 
attacbments; special bed and cylinder movements, 
etc.; bnt tlic principle of the machine is not mate* 
rially altered. Many of the changes made are of 
American origin, and have resulted from the demand 
for high class illustrated works and the introduction 
of the photcjgraphic process block, which require 
extreme rigidity in the construction of the machine, 
aKsolute sympathy in all movements, and strict 
control of ink sufiply. The actual process of 
printing is not an involved one. After "making 
ready,” the machine works automatically, and prints 
the sheets as fed by the layer on,” the " minder ” 
giving attention to the regular flow of ink, etc. The 
Platen machine is a type of vertical bed machine, 
and may be worked by treadle or steam power. The 
Cropper, or “ Minerva” was the first to be made, 
anci the general design of this machine is retained in 
all the newer prodnetions. It consists of two side 
frames held together by iron stretchers, and to these 
frames all the working parts are connected. The 


side of ihe paper being printed quickly after tlie 
other, Chdlesa strixrs of oiled paper pass oontioually 
between the impression cylinder and the printed 
sheet. Of this type of maohine there are many 
varieties, and their purpose is to effect more rapid 
'production. Other Perfecting machines having 
smaller cylinders are built, and as they possess some 
of the sj^cial advantages of the single machine, 
are capable of printing work of a much higher 
character. lu Rotary machines the printing 
surfaces as well as the impressing surfaces are 
cyliudrical, and for this reason special slereoty^ 
or electrotype plates are now*inaao and curved to 
conform with the cylinder. The machines vary 
somewhat in principle: in at least one case the 
cylinders m'e arranged in semiciroulai form, in 
others on a horizontS plan; the more modem idea 
is to arrange them vertically. The rotary style of 
machine dates from 1848, when Applegarth built a 
machine for printing the Timet. The tyixj was 
arranged on a vertical central cylinder, around 



Shfousu Rotarv Macbise. 


type is locked up in special chases, and jilaocd on 
the vertical bed in the back part, the inking arrange¬ 
ments being placed behind and above it. The front 
jjart consists of a platen, lying when idle almost flat, 
and on W'hich the paper is laid to marks or gauges. 
When the flywheel revolves the ijlalcn is pulled 
forward into a vertical position by two strong arms, 
one on either side of the machine, and an impression 
is taken. As the platen returns to its original posi¬ 
tion, the operator removes the printed sheet and 
replaces it with a ^lain one. At the same time the 
rollers pass over the face of the type, inking it in 
readiness for the next impression. A large kind of 
single platen machine called the “ Scandinavian ’’ 
is nsed. Its original purpose was to supersede the 
hand press. There is also a Double Platen variety; 
but both are being discarded in favour of cylinder 
machines. PerfeUiny Machinet are composed of 
duplicate moclianisms of the important features of 
single cylinder machines, with special attachments 
for reversing tho sheet in order that both sides may 
be printed before it is released. The cylinders of 
the Web,” “drop bar,” and “ gripper” varieties arc 
usually larger than is the cose with single machines, 
and in order to avoid the “ set off” occasioned by one 


w'hich were placed eight other vertical cylinders, 
to each of which there was a feeder, which fed 
single sheets down a sloping cylinder, to be carried 
by tapes towards the printing cylinder. When the 
impression was taken the sheet was carried back 
hoiizontally by tapes until it arrived at another 
table, when, being released by the grippers, the 
“taker off” discngageil it. tiie product of the 
machine was nearly 10,000 copies per hour. Another 
machine giving nearly 20,000 copies per hour on one 
side of the paper only was invented by Colonel Hoe, 
of New York, and used for printing Lloyd» Newt- 
paper about 1857. This machine also printed single 
sheets from movable types. In 1868 Mr. Sohn 
Walter perfected a machine to print on both sides 
of tbe paper from a continnous roll Further im¬ 
provements continued to be made, and machines 
arc now capable of printing simultaneously plates 
of different character in several colours of ink on 
paper of varying sizes. Being fitted also with 
folding, pasting, and wire stitching attachments, 
it is possible to produce complete magazines at 
the rate of 24,000 per hour. Tho earlier types of 
rotary machines were used exclusively for printing 
newspapers, bnt it is now possible to prodnoo by 














TVR 


807 


the lAore modem varietj illastrated work of a 
fairlr high ckuacter. A recent tjpe of newspapot 
machine—Hoe’s Octnple—measares 35 ft. in |en^h 
by 10 ft, in width and IS ft. high. It has eleven 
pairs of printing cylinders, forty ink' distrihatlng 
cylinders, ICO composition rollers, twenty-two ink 
fountains, and 8S0 gear wiieels. In all it is 
composed of about SO.UOO separate pieces. Soe alto 
Photo-Enobavino, TTPEyouNDiKO, TxpiB, and 
Type Settino Machines.—B. J. E. 

Type In engineering, etc , a tyro is usnally 

a ring or hoop of iron or steel, encircling the wheel 
of a vehicle. It may be fixed on by bolts, rivets, 
etc., by shrinking (g.<S) See Railway Wheels. 

Tyres, Rubber. The shocks imparted to a vehicle 
by the irregulaiities of the road over wldeh it passes 
may be classiGed nuder two main heads; (a) The 
severe shocks, which occur at considerable intervals. 
ih) The minpr shock.s, which are practically perpetual. 
To absorb tho first c lass, carefully tempered springs 
are used on all itleasuro and on most commercial 
vehicles; while the second class is combated by 
encircling the wheels with rubber tyres. The bicycle 
has been niainlv responsible for the introduction of 
tlie rubber tyre.tlie o)>joct being to prevent vibration. 
The early " boneshaker," irou-nramed, carried a long 
and \eiy cki.stic spring on which the saddle rested. 
In the ’seventies tho Solid Kubbeb Tyre apinsarod, 
and did duty on the liigli bic.K’le and the earlier 
pal terns of safety c.vcle*!, 'Jbis gave way to the 
I'psiiios Tyre, of tubular section, and was in turn 
succeeded by the pneumatic air-cushion tyre, now, in 
its p -rfected form, generally vised. The first I’NEU- 
aiatioTyice was |sitented in 184<> by a Scotchman 
nanicd Thompson, and was intended fur a horsed 
vehicle. It had nil outer covering of leather bolted 
to the wooden felloe of the wheel. As there were 
no liuht vehicles on which to test and peifcct tliis 
invenlion, Tlionipsoii’s idea jirovcd commercially un¬ 
successful, and \v as soon forgotten. Mr, J. 11, Dunlop, 
a vftciinaiy surgeon of Relfast, claims the distinction 
of first fitting a ]>neaiuatic re to a eyidc wheel. It 
lonsi'-tcd of an inner tube of sheet rubber, encased 
in a canvas cover, outside which was solutioncd a 
stout rubber ship. He patented his invention in 
1KH8, and fitted it to racing machines with much 
success. Tie “luninmy" tyre was attached to the 
lim by a stri}> of thin canvas, slit at intervals to pass 
round the sp<>ke.s, and made to adhere to the outer 
cover by rubber solution smeared along its edges. 
The mending of a puncture in a “mummy" proved 
BO laborious and nncerlain tliat the pneumatic tyro 
would never have hecume poimlar in that form. 
Various dcvices—flaps in the tyro itself, manholes in 
tlie rim through vvJuch tho tulie might lie pulled for 
repair—were tried, without success. In 1890 two 
types of Detachable PNEOMATtca appeared: (a) 
the “ wired on,” patented by Mr. Cha.s. Kemp Welch; 
(1) The bea<Icd>edgo tyre of Mr, W. E. Bartlett. 
Thi^WELCH Cover dej^nds for its efficiency on the 
shape of the rim, which is U-shaped. The wired 
edges of the cover f..rui circles somewhat smaller 
than the edges of tho rim, and con be detached only 
if one side be pressed well down into tho centre of 
tho rim, so as to giro tho other side a requUile 
amount of'slack. Tho bemled-cdgo tvpo is held on 
by tlie pressure of inflation, its thickened edges 
engaging witli the turneil over edges of the rim. 
These two patents have been modified since, but not 
superseded. The Clischer ai.d Palmer Tyres 
are covered by tho Bartlett patent, which was pur- 




(ffiased by the thmlbp Psonmatlo Tyre Oompany, 
along with the Woods Valve and Westwood Biv 

f atents, before the notation of that oompany itt 
896. In the first tyres the valve vms merely re 
elastic Indiarubber tube closed by a wooden plug. 
The valves which have replaced it are, like the covers 
now used, of two main types: (a) Tho metal valvot 
made airtight by the oaieful grinding of the valve 
on its seat. ^6) The Woods valve, a metal no»le 
closed at tho inner end and pierced at one side to 
permit the passage of air. A short length of tube 
rubber covers this hole, and is pinched at its ontmf 
endagaio.'^t and between tho nozsle and a seating on 
the cylindrical body communioating with the inner 
tulie of tho tyre, so ns to form a simple non-return. 
The Fledss Tyre possesses no inner tube, but the 
edges of tire cover overlap and fit together olosely 
enough to retain the air. The pneumatic tyre, being 
extremely elastic, minimises the vertic^ shocks 
caused by encountering undulations, iircgalarities, 
or obstacles on the read’s surfimo. Rligut shocks 
are practically “killed" licfore they can reach the 
springs supporting a saddle or vehicle. It thus 
obviates the loss of power caused by a heavy body 
lieing tlirust repoafetlJy in a direction other tl an 
that in which alone it should travel. A second 
advantage is the ability of an air cushion of this 
tvpe to recover its original shape so rapidly alter 
distortion that it may be said to give a backward 
kick to an obstacle, wbicii practically com;>easate8 
for the obstiuction to movement caused its com¬ 
pression. Solid nibhor, of a soctiou equal to that of 
a pneumatic tyre, h.as much less clastioity and a 
much slower rule of recovery, and therefore is much 
lc.ss efficient in the foregoing respects. 

RrBBEB Tyres fob Motor Vehicles.— Motor 
cart are .• mally pneumatic sho<l, in order to be ablo 
to move at high speeds without excessive vibration 
and wear and tear in tho working parts. Commercial 
vehicles and delivery vans employ solid rubber tyros. 
I'NEUMAiTO Motor Tyres arc generally oonstruct(’<l 
on the beaded-edge principle; but owing to the great 
strain, especially on the tyres of the driving whecD, 
they do not depend entirely on the pressure of infla¬ 
tion to keep them tight against the rim. Four or more 
“ security winged Iwlts,” passing at intervals through 
the rim, are fariiwhed with V-shaped plates, which 
))re8.s on the inside of tho cover wl;cn their screws are 
tightened up. These not only make it difficult fur 
the cover to blow off, but also prevent it from 
“creeijing” and tearing out the valve. The Sirdar 
Tyre Company has produced a tube of a nature 
which minimises tho danger of nipping when it is 
placed in its cover. Tl.c tube is vulcanised in a 
U-.section, so that when deflated, ono half springs up 
into tlie crown of tho other half. When inflated, it 
assumes a circular shape; hut, being rather larger in 
section than the inside cf the cover, the rubber is 
under compression, and therefore less vulnerable to 
punctures than a tube which is extended daring in¬ 
flation. Among wired-on motor pneumatic tyres, the 
Peter rNiox may bo noticed. The flange on one 
side of tie rim detaehablc. It is of circular shape, 
and split at n point to allow it to pass over the rim 
when an adjii.stiug screw, working in left and right 
i.anded threads in blocks on its free ends, has been 
turned sufficiently. When tho flango is placed in 
position and the screw has been ti^teneu up, the 
tjro cannot possibly leave the rim. Heavy car 
pneumatic tyres are often inflated to a pressure of 
120 Ib, to the square inch, which appoximates tho 
woiking pressure of some locomotive boilers. Light 
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car tjrres are pumped to 7S )b. to the sqoani inch, 
and voitorettes to 60 lb. la oonstruetioa 4Ti(^ 
differ little from the correepaBding types of cycle 
tjres, except that the treads are ntM« dkpropor* 
tionately titiick to withstand the reiy severe work 
they must do. The replacement of tyres may cost 
anyUting to £60 a set of four. A &8t aad heavy 
tourist car is ssud to wear out its tyres at the rate of 
sixpence a mile. A violent application of the brakes 
may cause sevctal pounds’ worw of damage grinds 
ing a “flat” on the tyres. Bonin Bobbeb Ttres 
tiave several advantages. They are more reliable 
and wear lon^r than pneumatics, do not raise so 
much dust, and seemingly are not so prone to side¬ 
slip. A good set of “soHda” have done duty for 
10,000 miles on a heavy vehicle before being worn 
out. Bolids are not, of course, ns comfortable to 
travel ou as pneumatics. To obtain a maximum of 
resiliency, without having recourse to compressed air, 
the DoUBnB Abch Tybe has been introiduced. It 
consists of two parts, the outer portion being of 
special high quality wear-iesisting rubber, having a 
central arob, to whidi is fixed a sort of small iuner 
tyre of a softer and more olastio nature. The popular 
method of attaching a solid tyre to its rim is the 
beaded edge, gripped by ramovablc flanges. Some 
makers, however, use endless wires embedded in the 
rubber. For very heavy vehicles, such as motor 
omnibuses, two, and even three, solid tyres are 
mounted side by side on a stogie rim. This method 
is calculated to give greater freedom from sideslip 
and a greater amount of resiliency than would be 
possible with a single tyre of larger section. Many 
anti-skid and anti-wear devices have been tried for 
rnenmatic tyres. They generally take the form of 
leather bands, covered with steel studs, and are vul¬ 
canised to the outside of the cover. The Parlons 
anti-skid—a scries of short chains crossing the tyre 
in zigzag fashion, and attac’.ieu to a wide circle on 
each side—liave proved successful. It may be said of 
all these devices that while fulfilling their office in 
a greater or lesser degree, they tend to “ slow " the 
tyre.—^A.W. 


Tyrosine {Chmn.'i 


CH CH 


CH.,.C^ ^C. 


OH 


CHNH, 


CH CH 


COOH 

(Paxahydroxyphenol-a-aminopropionio acid). Forms 
delicate white needles; melts at 236®; very sparingly 
soluble in cold water (1 in about 2000), but more 
soluble in bdling water; very slightly soluble in 
alcohol, insoluble in ether; dissolves in acids cr 
alkalis, forming salts with both; it contains an 
as}'mmetric carbon atom, so that natumlly occurring 
tyrosine is active (Isevo-rotatory). On beating it 
loses carbon dioxide and forms p.aTahydroxyphenyl- 
etliylamine, . CH^CHg. C,H,OH: treated in water 
with putre^ing pancreas it gives hydroparacumaric 
acid, HOOO. CH,. CHjCjH^OH: with Milfon’s reagent 
(q.v.) it gives a red colour: boiled with a dilute 
formaldehyde to which concentrated sulphuric acid 
has been added it gives a green colour. It is a 
product of the hy^olysis of many protelds, rr.y. 
casein, ketatine, fibroin of silk. It occurs iu urine 
in ceriato liver diseases, and in phosphorus poison¬ 
ing.: it has been found to plants. Tyrosine can ^ 


prepared by boilJx^ white sUk (free icom gtu:^. with 
dilute snlpburio a^ noo,grs. ailk: ^ cp. 

1000 cc. water) for twelve nonie, exactly neolrallBir^ 
with barium hydroxide soluUoa, filtering, extraoring 
the barium sulphate with water, and evaporariog the 
filtrate and extracts to CrystaUisati<»). : The crude 
tyrosine is extracted with riacisl iu»tio acid, and 
the residue dissolved in hot water .and. boiled 
with animal cbaKssal—the filtrate deposits tyrosine. 
Tyrosine has been synthesised by condensing |»za- 
hydroxybenzaldebyde with bippurio acid by means 
of sodium acetate and acetic an^dride: the testfiMng 
anhydride of parahydroxy-a-benzoylaminooinnamlo 
acid yields raoemic benzoyl tyrosine on reduction 
with sodium amalgam: 

H,C. NHCOC,H, HO0,H*CH; C. HH06C,H, 


COOH 


-C,n,CH 


iooH 


C. lfHCOC,H 


HOC,H,CH,CHNHCOC,H, HOC^,CH,CHlIH, 

I I 

COOH COOH 

The racemic benzoyl compound can be resolved by 
brucine (1-form is the less soluble), and on hydrolysm 
it yields 1-tyrosine. 


U (CVtfffft.) The symbol for Ukaxium (q.v.) 

H Leather A leather collar whose section 

is of the form of the letter U. See Htdbaplio 

I’UESS. 

Ulexlte (Min.') A hydrous calcium sodium borate: 
NaCaB^Og. 8H,0, containing 45’6 per cent, of boracio 
acid. It occurs in opaqiio white masses, often with 
Uypsum and Alum. From Iqiiique, Nova Scotia, 
California, etc. 

Ultimate StrengA (Eng,) The ultimate stre^th 
i.s the total load which is necessary to break a struc¬ 
ture or a given piece of roateijal. 

Ultra-Basic Bocks ((reel.) Eruptive or igneous 
rocks, containing less ti.an 45 per cent, of silica. 
I'ho most characteristic mineral is Olivine : on this 
account they are often termed Pebidotitbs, from 
Peridot (q.v.) 

Ultramarine (CArm.) The blue colouring matter 
of lapis lazuli. On account of its beautiful blue 
colour it is much valued as a pigment. Formerly it 
was obtained by grinding the costly lap'.s lazuli, Wt 
now it is prepamd artificially on a very large scale- 
It contains the elements Al, Na, Ki,,S, and O; but 
owing to the variation in composition of the ultra¬ 
marine made by different people, and even by the 
same people, ite formula cannot bo regarded ns 
settled. There are ultramarines of several different 
colours-—blue, blue-violet, green, red, and white. As 
ultramarines qt the same colour vary somewhat in 
composition, it must be said that if, say, blue ultra- 
marine is a definite oomi-H^und, it has not yet been 
prepared to a state of purity. An analysis of one of 
the best blues (Hoffmann) gave Na 17‘14, Al 16‘26, 
Si 18‘33, S jB'42, and U S9'8fi percent. From this and 
a large number of other analyses Hcnmann deduces 
the formula K3,Al,8i,BgO,g for pure blue ultramarine. 
The violet-blue lutiamarines arc richer in silica. 
White altmmarioe is obtained when the pasting qf 
the charge (tee below) is. carried out to absence of 
air. When the white ultramarine is heated in oxygBa 
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'lt .|)«8MS into, bine nltianUMine, nad 
Tan^itj.'ia beatod'with sodiam earboDate and carbon, 
.k {Muma into toe white. Qreea alttamaii&e it be* 
iieved to be a itansitumal form between toe white 
and'bine. Bed ultramarine is formed in the 
paiatlon of the bine when the charge .has been 
stooaglj heatfd and mnch exposed to air. Besides 
ultramarines containing sodium, others oontsdning 
silver. ^K>ta8eimn, or lithium, in place of sodlnm, have 
been prepared. Ultramarines containing scleninm 
(brown and purple-red) and tellurinm (yellow and 
green), in place of salphur, have also been prepared. 
The varions bine ultramarines ate most used, and 
next to them the green. In the preparation kaolin, 
sodium carbonate, sodium sulphate, charcoal (with 
or without resiu). and for silica rich products some 
form of sUic^ are used. The materinls must be 
pure, finely divided, and intimately mixed. Their 
proportions are decided on from the nature of the 
product required, the experience of the makers, and 
the method of roasting. If green as well as blue 
products are required, the chargcis roaFte<l in crucible- 
shaped vessels in ovens, and when the roasting is 
completed the charge is ground with water and 
washed. This pro<luct is green and ready for use; 
but if blue is required, it is now heated with sulphur 
with access of air, and at a lower temperature than 
before. A part of the sodium is thus removed as 
sodium sulphate, which dissolves in the washing 
water. When blue only is required, the operation 
can be completed iji one stage, the charge being pro¬ 
tected from air after the roasting is finished till 
it has cooled down. The product in any case is well 
washed to remove sodium sulphate, then ground and 
run into settling tanks, the finest divided settling 
slowest. Finally the variotis products are dried. 
Ultramarine is unchanged by heating, except at a 
very high temperature, when it becomes white; and 
acids liberate sulphur dioxide from the Avhite pro¬ 
duct. Alkalis do not chtmge it, except at a high 
tem^ratiire; but acids easily act on it—e.ff. hydro- 
chlmc wid liberates sulphuretted hj'drogen, converts 
the sodiam into chloride which dissolves, a part of 
tlie aluminium into chloride which dissolves, a part 
of the silica into silicic acid which also dissolves, 
while some sulphur, silica,, and alumina remain nn- 
(lUsolved, A warm solution of alum easily decom¬ 
poses the ailioa-poor ultramarines; but only acts 
slowly on the silica-rich varieties. Oxidising agents 
at a high temperature reiwlilydecoinpo.se all ultra- 
marines. Besides being used ns a pigment, ultra¬ 
marine is much used in nuiking laundry blue, and in 
“ correcting ” the yellow colour of pajicr, linen, sugar, 
etc., in making blue printing ink, writing paper, 
mottled soap, etc, 

Oltoamariae (Pui»f.) A blue pigment largely 
used by house jointers, printers and others, and 
made by lieating together a mixture of china clay, 
soda ash, sulphur, sodiam sulphide, sodium sulptote, 
and rosin. Tlie manufacture of ultramarine is in 
toe Itonds of a very few firms, and paint makers 
invariably purchase it ready made. It varies largely 
in composition according to the pnipcffie for which it 
is to be need. It works well in distemper and in oil, 
but must not be mixed with white lead. Originally 
uUnmarine was made for aitists* use from lapis 
lasuli, but this is now almost wholly disetmtinued, 
the being very great. 

VltftfHqvtaaiaii Plantris (A^tron.^ rossible 
planets that may revolve round the snn at a greater 
distance tfatm Neptune, 


length is too shoriito excite .toe setos^tioa 
They accompany in gftoater or leai 4ci^^ visf lu# 

xadiatitm from most sources of'li^t, abd cmistitoto 
an invisible prrdbngation of too sptotnm beyond :the" 
violet They .may be easily detected by pbotog^hle 
mows or by allowing the ta;ra to fall upon a sentm 
such .is used in Bdetgen Bay experiments,. XTh^ 
fiuoresence is produced. . • 

UmbelllfenB (/fofony), A natural order bf 
Dicotyledons containing many plants of eoohonjlo 
value. The Carrot, Parsnip, Celery, are well known 
vegetables, while Caraway, Coriander, Fennel, Anise, 
etc., enter into pharmaceutical preparations. 

Dmbw (Min.) An earthy variety of Limonite,. 
used as a pigment. It is found in the Isle of Man, 
in the Forest of Dean, Saddleback, in Cyprus, etc, 

- (Paint.) A natural earth of a brovrat 

colour which is sold as “raw umber” and “burnt 
umber,” the latter being subjected to heat whicJi 
intensifies the colour. Umber is largely used by 
grainers for obtaining rich, deep effects, and by 
house painters to assist in producing many dark, 
rich colours and also for lessening the brilliancy of 
mixed coluars iu general. They arfe comparatively 
cheap, quite permanent, and may be safely used 
when ground either in water, turpentine, or oil. 

Umbo (Arm.) The boss or knob, sometimes ter¬ 
minating in a spike, in certain forms of shield, 
especially the small round shield, or buckler. The 
term was sometimes applied to the shield itself. 

I](pibra. The darkest central portion of the shadow 
oast by a body. It is surrounded by toe penumbra 
(S.v.) 

Umbrian School of Palntosg. Sve PAiKiiKa, 
SCUOOLS OP 

Una Cofda (Mv$ic). A sign indicating that the 
left pedal of the pianoforte is to bo used. By this 
{icdal the action is moved slightly to the rights 
causing the hammer to strike only two of the three 
strings of each note. Formerly only one string (nna 
citrda) was struck, home makers cause a strip of 
felt to drop between the hammers and the strings 
when the left pedal is depressed. This gives to the 
notes a mufil^ sound, an effect verj- difcreht from 
that intended hjvna cert/a, which produces a tone of 
delicate and special quality. The direction irceovde 
(three strings), or tutU h eorde (all the strings), 
indicates that the left pedal is to be discontinued. 
Beethoven, in the pianoforte Sonata in Bfe, Op. IOC, 
has the following direction after vna oorda : poeo a 
poco dm ed aliora tvtte h cordc (gradually two and 
then all toe strings), indicating the gradual release of 
the left fmdal (see also BiAJfOPOBXE, p. 429). On 
stringed instruments a mia corda shows that the 
whole passage is to be played on one of the strings 
only. 

UnboildiniJ (Elect. Eng.) The demagnetisatioar of 
the field magnets of a dynamo or motor. 

Unearia Oambier. A climbing plan4: (BuHaeeai) 
from Folynesia and Singapore. The young riioots 
and leaves yield an exteact, CAXBCHtr ($.r.) 

Uiioial. The term Is used to cbnqte the style of 
writing found in early manescripts (4th—9th.cen¬ 
turies) before toe, introduction of the “ now ” cu^ve 
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hand. Uncial characters resemble modem.capitals, 
but are rounder in form: 

UutbU: Kai€reN£TOeNT<d 

capitalKaiErENETOENTO 

Ii. Greek palsngraphy the distinction between the 
capital and the uncial is insigDifioant, except that 
the latter is more rounded in outline, bat in Latin 
HSS. the difference is much more marked. The 
uncial continned in use until the 9th ocntur}', 
the style of the transition period being known as 
the Beuittmcial. Uncials were employed in the 
books of the Church until a much later periorl. 
Stfe Majuscule and Minuscule (Appendix) 

Uneonfonnity (Grol.) 1*he relationship of a set 
of newer rocks to an _ 
older set of rocks - 
which have been 
tilted, or otherwise 
disturbed, and have 
undergone denude* 
tion before the newer 

ones were deposited. UNcoNroaiuTv. 



are formed bj tubular shafts containing electric or 
hydraulic lifts, with auxiliary statircases^ in some 
cases. The depth at which these lines are eon* 
Btructed is sufficient to pnewm^ interference with 
sewers and piiws; but the vibratidn produced is ve^ 
distinctly felt in buildings in thb vidnity. The City 
and Bouth London line cost about £220,000 per mile. 

Underground Temperatore (Meteorot) For the 
measurement of the penetrative powers^of the solar 
heat rays into the earth’s surface, thermometers of 
varioas construction are placed at different depths 
and read regularly. 

Underlay (Print.) IlcsembKng on overlay (q.v.) 
in character, but placed beneath instead of above 
tite block to bo printed. 

Underpin (Build.) To support or renew the fonn* 
elation e f a wall, etc. 

Underpiok (ll'eaeiny). A pickingmotion in which 
the picking arm is under the shuttle box. A very 
common motion in quick running looms. See OVBB* 
PICK and I'lCKiNG. 


The new rocks thus 

lie across the edges of tlse older ones, as in the 
diagram. See also CONFOnilABLE Buocession. 

Unda Haris (Mntie), An organ stop wdiich pro- I 
duces a tone of a waving character similar to the 
Voix Cfeleste. The term means sea wave. 

Und^ or Wavy (Her,) Wavy or undulating: 
one of the particn lines. See undiT Hebaluby. 

Undercut (E»g., etc.) This term is applied to parts 
of an object below some other ovcrlianging portyns; 
to re-entrant angles (q.v.), etc. Also applied speoili- 
cally to (1) parts of patterns whoso diameter increases 
towards the bottom, and which therefore cannot be 
withdrawn from the mould in the <»<linary way; 
(2) various operations that are carried out from the 
underside, e.ff. in mining, as well as to machines 
arranged to operate from the underside; (3) a carving 
or moulding that has the parts in relief partially out 
aAvay or bevelled on the underside. 

Under Glue Decorations (Pot.) Decorations 
which are placed upon the bisque ware, to be after¬ 
wards glazed and burnt in the glost oven. See 
Disque. 


Under Poled (.Vet.) See Coppbb and Poling. 

Undershot Wheel (Eng.) A water wheel in which 
the water acts only on those floats that are near the 
bottom of the wheel. It therefore depends for its 
supply of energy on the vehxsit.y (i.c. the Kinetic 
Energy) of the water, which may be flowing along a 
perfectly horizontal channel while pa.ssing under the 
wheel. 

Undertype Magnet ( El^ct. Eng.) The field magnet 
of a two-ix>lo dynamo or motor which has its poles 
(.and therefore the armature) next to the base plate. 

Undnlations (Phgs.) An expres.sion generally 
U'!e<l as equivalent to Waves, Sjc Wave Motion. 

Undulatory Discharge (Elect.) An Oscillatory 
Discharge {q.v.) ^ 

Undulatory Theory of Light. Tlie Wave Theory 
(q.v:) 

Undulatory Winding (Elect. Eng.) See Wave 
Winding. 

Unequal Temperament (Music). The old system 
of tuning which gave certain keys correctly in tune, 
whilst leaving others unusable. 


Underground Conductor (Elect Eng.) A name 
applied eitlier to (1) an insulated wire which may 
be cased with damp proof nuaterial and laid directly 
in the earth, or m.ay bo carried in a conduit or pipe ; 
or (2) to the bare conductor of an electric tramway 
on the slotted conduit system. See Electric 
Traction. 

Underground Railways (Civil Eng.) Under¬ 
ground railways are conveniently divided into two 
types—tho shallow tunnel with numeions open cut¬ 
tings (e.g. the Metropolitan and District Hallways) 
and the deep level or Tube Hallways (e.g. Central 
Loudon). The former is largely constructed on 
the “cut and cover” plan, open cuts being made 
and afterwards arched over, actual tunnelling being 
avoided as much as possible ; while the latter arc 
continuous tunnels, with linings of tabular form, 
iT^uilt up of segments of oast iron. Separate tunnels 
are generally used for tho up and down lines, each 
tunnel having a diameter of 10 to 12 ft. The stations 
are contained in short lengths of tunnel of larger 
(diameter, the linings being of briok. The approaches 


Unessential Notes (Muaio). Passing notes and 
auxiliary notes (q.v.) 

Ungnentapium (.Ireheeol.) A a'osc used for holding 
oil, etc., for anointing tho hotly. 

Unhairing (Leather Manv/ae.) The process of 
removing hair from iildes and skin, previous to 
tanning. See Sweating and Leather Manceac* 
TURB, p. 349. 

Uniaxal Crystals (Phys., Min.) A crystal having 
one optic axis. (y. BiAXAL Crystal and DcyJBLH 
IlENBACTION. 

UniooFB (Her.) A fabulous animal occurring 
sometimes as a charge in heraldry. The body is that 
of a horse with the legs of a buck and the tail of 
a Hon, a single straight horn growing out of the 
forehead. The unioom is one of the supporters of 
the Boyal Arms of Great Britain. 

Unidirectional Current (Elect.) A current flow¬ 
ing in cne direction only as opposed to' an alternating 
current. 
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tJaioa (SuiU., etc.) A device ion ooimecting 
the eods of tvro pieces of pipe. In the simplest 
form it consists of a threaded tubnlar socket, into 
which the ends of the pipes are eorewed. 

—— (TewHU ManU/ao.) A fabric composed of 
two or more materials, such as cotton warp and 
mnngo weft, worsted warp and woollen weft. 

Union BInphet. Soe Blankbt. 

Union Vrench cto.) A lever, one end of 

which is carved so as to fit against a union (jj.v.), a 
pin in the curved end fitting into a hole in the union 
to enable it to be tum^ by the lover. 

Unison CMmh). Two or more notes of the same 
pitch, i.e. liaving the same number of vibrations X)cr 
second, sounded together (see Inthbvais). When 
vocal or instrumental passages are performed in 
octaves they are sometimes, thoxigh incorrectly, said 
to be in unison. 

Unit. A selected quantity, whose amount is fixed 
and invariable, used as a standard of comparison in 
stating or determining the amounts or values of 
other quantities of the same nature. The numerical 
value of any quantity is the number of times which 
it contains the chosen unit, or in other words the 
ratio of the magnitude of the quantity to the 
magnitude of the unit. See also llNiTS, Funda¬ 
mental and Debived. 

Unit Charge of Electricity ‘(Meet.) A charge of 
electricity sucli that if plaoetl at one centimetre in 
air from an equal quantity, it exerts on it a force of 
one dyne (all other electrical forces being absent, 
and the two charges being supposed to bo concen¬ 
trated at mathematical points). 

Unit Jar (Eleft.) A small Leyden jar used to 
inea.snre roughly the electrioal capacity of a larger 
jar or condenser. 

Unit of Heat. See Calobie. 

Unit Pole (Magnetism). A polo such that if 
placed at unit distance in air (or other material 
whose magnetic permeability is unity) from an 
'equal iHile, it exerts on it a force of one dyne (all 
other magnetic forces being absent, and the two 
poles being assumed to bo mathematical points). 

Units, Absolute System of {Phys., eie.) A .system 
based upon certain fundamental units (e.g. the units 
of mass, space, and time) from which all others are 
derived by means of certain definite physical 
relations. 

Units, rimensiont of {Phys.) 8.-e Units, 
DanivED. 

Units, Fnndamental and Derived. Tbo funda¬ 
mental units generally chosen are those of Length, 
Mass, and Time. In most scientific work the centi* 
meti8, gram, and second arc used, though the foot. 

S ound, and second arc also used (see Weioutb and 
lEASUBES). From these tlireo fundamental units 
others, termed Debived Units, bio obtained. Thus 
the unit of area depends upon the square of the 
unit of length, bat not in any way upon the units 
of mass and time. This is expressed in scientific 
language by saying that the Dimensions of this 
unit are 2, 0, 0, with respect to length, mass, and 
time. This relation is shown by a DucbnsxonAD 
Equation tnns: 

Aral^MOTO, 


The unit of volume has sinularly diibeijisioai 8,0,D.' 
with reference to the three fundamental uirita. 

The chief units used in mecbunica aod tlMir 
dimensional equations are as follows; 

Vdooity . . . , Y as LT'* 

Acceleration. . . . A = LT” 

Force , . . . . F = LMT' 

Work.W==L*MT-* 

See also DrNB, Elasticitt, Ebo, Poundad, Poot-, 
POUND, Hobse I’owbb, cfo. The units used in heat 
require a fresh unit, that of temperature, whose 
dimensions with respect to length, mass, and time 
arc unknown, and which is therefore represented 
by a separate symbol, 6. It has been termed a 
Skcondaby Fundamental Unit. The ordinary 
scientific unit of heat, the CaloBIB (g'.v.), has 
dimensions 

Q=Md. 

See also Absolute Tempebatube, Conductivitv, 
DiPPUsiviTV, Elasticity, Joule, Joule’s Equiva¬ 
lent, etc. For units used in IJght, see PENTANE 
Standabd, Photombtby, Standabd Candle, ^e. 

Tho electrical and magnetic units are derived 
from the mechanical units, bet also require the 
introduction of the permeability, /* iq.v.), and specific 
inductive* cajjacity, K (q.t.), of the media in which 
the electrical and magnetic phenomena are taking 
pla(!e in order to bo complete. Two systems of 
units are in use. The first is the Electbobtatio 
.System of Units, in which unit charge is defined 
as that which exerts unit force on an equal quantity 
placed at unit distance from it in air. The di¬ 
mensions of this unit are given in the equation— 

• Q - LlMil-'lvi. 

From the unit charge the imits of force, potential, 
capacity, etc., are obtained. 

In the second or Electeomaonetic SYSTEM tho 
dimensions of the unit of quantity arc expressed by 
the equation—■ 

Q = L*M»/i-l. 

The unit current is that in which unit quantity flows 
across a given cross section of the conductor in unit 
time; the dimensions are given by 
C =. LtM»T-V-‘- 

This unit is otlicrwise defined in practice as follows; 
If unit length (1 c.nL) of the circuit carrying the 
unit current bo bent into an arc of unit radius It will 
exert unit force (1 dyne) upon a unit magnetic pole 
placed at the centre of the arc. Tho Ampebe {q.v.) 
11 one-tenth of this unit. Unit Difjteeencb of 
Potential exists between two points if unit work 
(1 erg) be required to be done in order to transfer a 
unit quantity from one of the points to the other. 
The volt is 100,000,000 or 10* times thi.s unit. 

Unit Resistance is the resistance of a conductor 
ill which unit current is produced by unit differ¬ 
ence of potential between the ends. The OHM is 
1,000,000,000 or 10* times this unit. Soe also Ampebe, 
Capacity Conductance, Coulomb, Joule, Mag¬ 
net, Mho, Ohm, Potential Diffebence, Volt, 
Watt, etc. 

Uoivenal Ohaek {Mtg.) A chuck with self 
centering jaws. See Self Centebing Chuck. 

Unlvepsal Joint (Build.) A joint used in gas-, 
fitting to connect two pipes in such a manner that 
one of them can be turned in any required direction. 

-- or ConjpUng. See .Eoqkb’s Joint. 
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UalTenftl Maeblae (Mni.) A nuall. plat«a 
niacbine which may be woik^ by tmuUe ra by 
power. See ItFOCAAFHY. 

Unlock (Typogi) To loosen the qnoins and fnmi- 
tare of a forme of tj-pe for the pappose of miJcing 
corrections, etc. 

Umatupated Compouidi (fZIm.) A oompoand A 
is said to be unsatarated when a cozhpound b can be 
prepared from it by direct addition of one or more 
than one atom or group of atoms in snob a way that 
one or more than one atom in b is nnited to a greater 
nnniber of atoms or groups of atoms than it was 
nnited to in A. Thus cat bon monoxide is an un- 
saturated oompoand, because a compound carbon 
dioxide can be formed from it by direct addition of 
oxygen; and we believe the oxygen to be added in 
such a manner that, while the carbon atom in carbon 
monoxide is united to one atom of oxygen, the same 
atom is nnited to two atoms of oxygen in carbon 
dioxide. Again, ethylene is regarded as on nnsatu- 
rated compound because It unites directly with 
chlorine to form ethylene chloride in such a way 
that, while in ethylene each carbon atom is united 
to two hydrogen atoms and one group CHj, in ethylene 
chloride each carbon atom is united to two hydrogen 
atoms, one chlorine atom, and one group CHjCL 
This is represented by formulae as follows: 

Cl 

H —C —n H —i —H 


The double line joining the two carbon atoms in 
the formula for ethylene is the conventional way of 
indicating that ethylene is unsaturated, and un> 
saturated to tbe extent indicated by its onion with 
two atoms of chlorine-^that is to say, ethylene could 
conceivably add on something other than chlorine, 
but in such a cose the atoms or groups added must 
be chemically equivalent to the chlorine. Calcium 
chloride is not orainarily regarded as an nnsaturated 
compound, in spite of the fact that it can unite with 
water, ammonia, and alcohol to form compounds, 
CaCl*. 6H,0 : CaCl,. 8 NH,: CaClj,4C,H,OH ; for it 
cannot be shown that the calcium atom is united to 
any other element than chlorine in these compounds, 
and similarly for the chlorine. See Valeuoy and 
WBBNBB’a Theory. 

Unilied Paper (JViaf.) “Blotting" and other 
very absorbent jiapers are manufactured without size. 
Papers in which only a small portion of the ingre- 
dient is used—technically oallra "soft sized”—are 
very suitable for printing illustrated or half tone 
work. 

Uosoond Food. SeeVoooi. 

Unstable EquUlbriaBi {Phyt., ete.) See Bkiuiti* 

BRIUH, TJNSTAULS. 

Unstratifled ftooks iOeet.") A general term 
applied to Igneous or Eruptive Bocks, which do not 
occur in regular strata, Imt in more at less irregular 
masses, known as Dykes, ViaiiB, etc, 

U Paoklad iEag.') See U Leather. 

Upoast or Uptake {Mining), A shaft In a mine 
for the upward passage of air.. 


U|di«tyal {Ged.) -An upward movement 
portion of the Earth's crust; the retaltlng dlif3a«K 
ment of the rocks is aooompauied by dislocaHon^ 
faults, and other disturbances of the strata affeots^. 

U^elitm. The business of Bttiug and “oovering” 
furniture with various materials, e^, Bprings, stnfB^,' 
coverings, trimmings, etc.; also the dooomtios of on 
apartment with textile faMca, e.ff. onn^ns, etc.. 

Upper Board (Mueio), (1) The board in which 
the feet of organ pipes stand. (2) Tbe top board b£ 
the bellows on whioh the weights are placed 
Ohoak, p. 439. * 

Upper Com {Tgpog.) See Typooraphy, p. 803. 

Upright Grand (Miuie). A grand pianoforte 
made to occupy a vertical instead of a horizontal 
position, to save space. 

Upsetting (Ehg.) (1) Shortening or thlokenii^ 
metal either by hammering or by machinery, as 
in the case of a wheel tyre. See J 0 MPIKO Up. 
(2) Spreading the teeth of a saw. See SAW 
Setting. 

Uptake (Eng., ete.) A floe leading from a furnace 
to a chimney. 

- {Mining), Sec Upcast. 

Uranic Ochre {Min.) A hydrous basic calcium 
uranium sulphate occurring in assouialinn with 
l^tchblende. It is a yellow ixjwdery mineral. From 
Cornwall, Bohemia, and Connecticut. 

Uraninite {Min ) A synonym for Pitchblende {g.v.) 

Uranite (Copper) {Min.) Sec Torbbbkite. 

-(Lime) {Min.) See Autonite. 

Uranium {Chem.) U. Atomic weight, 2.38*5. A 
somewhat rare metal belonging to Series 12, Group 
VI, of the Periodic System (q.v.) ; it has the highest 
atomic weight of all the elements. Uranium is a 
white metal; melting point unknown, but liigh—in 
the electric furnace it volatilises more readily than 
iron. Specific gravity 1S*7; in finely divided state 
it is easily oxidised in air, especially on heating, and 
it decomposes water slowly at ordinary temperatures, 
and quicker on beating ; it is soluble in dilute 
hydnxihlorio and sulphuric acids. Wlien heated to 
a high temperature (ICOO"*) it readily combines with 
nitrogen, so that this gas must be excluded from 
the apparatus ia preparing the metal. It reduces 
solutions of many metallic salts to the metal, e.g. 
I*t, Au, Ag, Hg, Cu, So, It occurs principally in 
pitchblende {q.v.), which contains 40 to 90 per cent, 
of the oxide U,Og, The metal is obtained as follows : 
The vapour of uranium tetrachloride is passed over 
red'hot sodium chloride to form tbe compound 
2 KaCl. UCI 4 , and this may be heated with sodium or 
melted and electrolysed (50 ampbres, 10 volts) with 
carbon electrodes in an atmosphere of dry hydrogen. 
Uranium is a radioactive element (see Badio- 
ACTiviTY and Kapium). It differs from Tborittm 
{q.v.) and Badiom in not giving an emanation; a, 
and y rays are emitted by araniatn, but the y 
radiation is the feeblesl of the three. ITio metal 
owes its photographic properties chiefly to the B 
rays, its ionising action chiefly to the a rays. This 
can be proved by precipitating a nranyl salt sc^utien 
with ammonium carbonate (see under Ufknyi KTitrate), 
treating tbe precipitate with assess of ammoniam 
carbonate, mod filtering ofii the alight remaining 
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pre^pltate. . Tb« prodnot, which is ih eactramCiy 
stiinctahoaoantt ia called tIrX, aad posweses all Abe 
photxig;ra^io activity of the otiginal uTaaiam, while 
the luamam eolation ie photo^pbically inactiee, 
bat electrically as active as befQre. While the 
activity of UrX decays (half in about twratjr-two 
days), the araninm from which it was septuated 
recovers its acUdty at the same rate. One g^m of 
nranium emits about 70,000 a particles in a second, 
corresponding to a development of heat equal to '3 
graih'Calories in a year. The and y rays contribute 
an amount of energy equal to about one per cent, of 
that doe to the a ri^s. Compovkdb: Uranium 
carbide, U,C„ is a crystalline, metalUc-looking solid; 
specific gravity 11^3. It is decomposod by water 
with evolution of a gas which contains about four- 
fifths of its Tolnmo of methane, the other fifth 
consisting chiefly of hydrogen and very small quan¬ 
tities of ethylene and acetylene, while two-thirds of 
the carbon of the carbide goes to form a mixture 
of liquid and solid hydrocarbons, saturated and 
unsaturated. VMien heated it burns brightly in 
oxygen, and for the same reason two pieces when 
rubbed together emit bright sparks. It is obtained 
by heating an intimate mixture of pure sugar 
charcoal and the oxide U,Og in an electric furnace 
(900 amperes, 60 volts). Oxides ; Uranium dioxide, 
UO, (uranous oxide), is a brown powder; it is 
pyrophoric if obtained by heating uranyl oxalate 
out of air, or by reducing a higher oxide.in hydr^en 
at as low a temperature as possible. When obtained 
by reduction at a high temperature it has a coppery 
lustre, and is not pyrophoric; strongly heated in 
oxygen or steam, it gives the oxide U,Og. Insolnblo 
in water or hydrochloric acid, but soluble in nitric 
acid and in sulphuric acid containing only a little 
water forming, on boiling, uranous sulphate. It is 
obtained by heating the oxalate out of air, or by 
reducing the oxide UjOg by heating in hydrogen. 
Ueanium Tbioxide, UOj; a brick-rod powder ; loses 
oxygdit on heating, forming the oxide UjO^ With 
acids it forms uranyl salts, with bases it forms 
nranates. It is obtained by heating the hydrate 
UOgHgO, or uranylamiuonium carbonate 

UO,.CO,2(NH,),,CO„ 

or uranyl nitrate, at 26CF to 300“, Ukano- 
SOUBANto Oxide, UjO, (umnyl urauate, UO,. 2UO„ 
green oxide of uranium): This is the most im¬ 
portant oxide of urauium. It is a powder varying 
in colour from a very dark green to black, but 
always gives a green streak. Insoluble in water, 
insoluble in dilute acids; soluble in nitric acid, 
giving uranyl nitrate; soluble in sulphnrio or hydro¬ 
chloric acids at about 200“, giving a mixture of 
uianous and uranyl salts. It is reduced to the 
dioxide when heating with reducing agents, or even 
on predonged heating in an indifferent gas (K or CO,). 
It is obtained by heating either of the two previous 
oxides or uranium nitrate in air. This oxide is the 
form iif which uranium is contained in pitchblende; 
it is used to produce a black glaze on porcelain, and 
in the preparation of other uranium compounds It 
is obtained from pitchblende by the following 
process : The ore is roasted with sodium carbonate 
oontuning a small quantity of sodium nitrate (the 
ore is sometimes roasted alone fimt), and product, 
is extracted with hot water, which extracts sodium 
salts of nronium (a little), molybdenum, tungsten, 
Md BTSenio; tha residue is treated with a mixture 
of pretty atrong sulphuric, acid and a little nitric 
aci^ 3^ dear liquid is separated from residue 


(it k thik fesidne that eontaihs 
treated with excess of so^um Csxbonatei thk 
tiou is boiled to remove the last tracM c« jipn imif 
oaloium; 3he filtered liquid, when 
neutiaUsed with snlphutio acid, yields maiill&i,.. 
yellow (sodium diuranote); if it is bcued with nanstkc 
soda it yields orange - coloured imminm yellow, 
(probably another form of sodiumdiantaate)^ .or ill 
the liquid is treated wkh ammopium ohloride it. 
yields a precipitate of ancertain>‘"eompoBition 
impure ammonium uranate) which yields the oxide 
U,0, on ignition. Ubakio Bydbate, MO,. H^O or 
MO,(OH), (also called n»uiio acid), is a ^l|ow 
powder, insoluble in water, but reddens moist fitmus, 
and when hot absorbs carbon diexi^; on heating it 
yields first the trioxlde (f.v.) and then the oxide 
U,0,. It is obtained by boiling an aloohoUo solution 
of uranyl nitrate till no farther oxidation of the 
alcohol occurs, washing the yellow solid so obtained 
and drying it in air, then mew, or by exposing 
uranyl oxalate in water to snnlight,and washing and 
drying as before. Ubanates may bo regarded as 
derived from the preceding compound by replace¬ 
ment of water by basic oxides. Kurmal, di-, and 
poly- uranates are known (11,0 . UO,, li,02UO„ 
K,^OnUO„ where B is a monovalent metal or group). 
Uf the nntuates the diuranates arc the commonest. 
Bodium Diueaeatb, Naj5U,0j6H,0, is n light yellow 
or orange yellow powder obtained by adding in¬ 
sufficient or excess rcsi)ectively of caustic soda to’ a 
nranyl salt solution (see Uranosouranio Oxide), It Is 
used as a pigment under the name uranium yellow, 
and in making the fluorescent uranium glass 
(greenish fluorescence). Chlobides : A trichloride, 
IICI,, if said to exist. Ueanium Tbteaohlobiqb, 
UCl.: Dark green octahedral crystals; volatilises at 
a red heat, and has a normal vapour density. Fumes 
in air, is deliquescent, and dissolves in water, 
forming a green solution; reduces gold and silver 
salts to tho metal, and ferric to feirous salts. It is 
obtained by heating a mixture of any of the aimve 
oxides with carbon in a stream of dry chlorine, 
rentachloride, which is formed simultaneously, is 
decomposed by beating in an indifferent gas, such as 
CO,, Ueanium PENTACiiifOBiDB, UCl,, forms dark 
needles with green lustre or a light reddish-brown 
powder, according as H is formed by heating the 
tetrachloride in a slow or a rapid stream of dry 
chlorine respectively; when heated it decomposes. 
It is deliquescent, and when thrown into wrater 
evolves hydrogen chloride. Ubanous Sautb ; 
Uranous chloride is the tetrachloride mentioned 
above. Ueanous Sudphatb, U(SO^),4HgO, forms 
green crystals; on heating it loses sulphuric acid 
and forms uranyl sulphate : heated in hydrogen it 
gives the dioxide. It is formed dissolving the 
oxide U,Og iu hot dilute sulphuric acid, adding 
alcohol, and exposing to sunlight, when the uranyl 
sulphate which is fomied, as well as uranous sul¬ 
phate, is reduced to the latter. It forms doable 
salts with the sulphates of the alkali metals, a.y. 
U(S0,)^,SO.H,O. Ubanyd Salts: Salts of tho 
formula UO^X^, where X is a monovalent acid radldaL 
Ubantl Chlobide, llOgCl,: A yellow efystalline 
solid, easily melted; soluble in water, alcohol, ether,, 
It can be obtain^ by heating Idie .. dioxide in 
chlorine, or by dissolving nranic nydrate m hydro¬ 
chloric acid and oiystallising, when it separates , 
with one molecule of water, UBAEXh NlTBATh, 
U02(N0,)« is often, but erroneously, called uranium 
nitrate; It k a yellow solid with green fluorescence, 
crystalUsiBg in coltUnns plates, and with fiB^O 
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from water; melts at 60^; loses the water at 118®; on 
strongly heating tt gives the oxide U.Oj. The salt 
is soluble in alcohol (see under Uranic Hjdrate), also 
soluble in ether. It is pbosphoresoent. The solutions 
give an abscnrption q>^rura, as do all nmnyl salts. 
Ammonium carbonate gives a yellow precipitate ' 
Boluide in excess of the reagent, owing to formation 
of utanylammoninm carbonate, tIO,CO^(NH,),CO,. 
Umnyl nitrate m made by dissolving any oxide of 
nraninm in nitric acid and crystallising the eolation. 
Uranyl phosphate, UO^IIPO,, with a variable amount 
of water, is formed as a precipitate when a soluble 
uranyl salt is treated with a soluble phosphate; it 
is a pale yellow solid, very insoluble in water and 
dilate acetic add. Its formation is utilised both 
gravimetrically and volumetricaUy in the estimation 
of phosphates. When heated it gives the pyro¬ 
phosphate (UO,\P^j, in which form the precipitate 
is weighed in gpavunctric analysis. Uranyl acetate, 
U0,(C'^,0,)„ is made by heating uranyl nitrate till 
oxygen begins to be evolved, then dissolving the 
residue in warm, strong acetic acid and crystallising. 
On boiling its solution strong hydrolysis occurs. It 
is used in estimating phosphates volumetricaUy. 
Uranyl salt solutions give a reddish-brown precipi- 
tete with potassium ferrocyanido, and this reaction 
is so delicate that it is used as an indication of the 
end reaction in the estimation of phosphates 
volumetricaUy. 


Uraninni Occurs only in combination in 

nature. The principal ores are IMtchblende, Autunitc, 
Torbernite, Uranophane, Samarskite, Euxenitc, Poly- 
erase, Anuerodito. 


Uranus, Planet [Attron.) Distance from sun, 
1*781,IKK),000 miles; diameter 31,900 miles; periodic 
time, 84 years. Four satellites (if not more), which 
move in a plane nearly at right angles to the Ecliptic 


Uranyl Componnda ) Sse UitANitrat. 


Ureens (ArcJiaol.') A ewer, generally of metal, 
to hold water for washing. The diminutive is 
Ubcxolus. 


Urea (CT^ot.) CO (Carbamide). 

White prisms; melts at 132°; very soluble in water; 
readily soluble in alcohol; insoluble in ether and in 
chloroform; it is a monacid base forming salts which 
are all soluble in water, the nitrate and oxalate 
being the least soluble—the nitrate is less soluble 
in nitric acid than in water, and therefore it.s forma¬ 
tion is uted as a test for urea. It unites with 
numerous metallic salts—r.y. with sodium chloride, 
forming CO(NHA. NaCl. 11,0; with palladious 
chloride, forming 2CO(ITH,),.PdCl,, which is very 
insolable; with mercuric nitrate (when warmed with 
a dilute solution of urea), forming the basic com¬ 
pound 2CO(NH,),. Hg(NOj),. SHgO (basis of Liebig’s 
method of estimation of urea). When heated a little 
atiovo its melting point, urea gives off ammonia and 
forma bipret (j'.t*.) and cyanuric acid: 

"SKH*. CONB, * 

SCO <55* - + 3NH,. 

A Bolution of ui«a heated to 100“ is partially trans¬ 
formed to ammoulum ejanate (,5 per cent.); but by 


adding silver nitrate eo as to precipitate Uw oyaaate, 
about 88 per cent, can be transformed; when boUed 
with alkalis, urea is hydrolysed; 

CO<^ + 2HOK - OO(OK), + 2BH, 

A nnmlKr of bacteria and moulds hydrolyse urea to 
ammonium carbonate—some of these are widespread, 
ocenrring in air, soil, and water; the niorooooous ores 
is one of the commonest. Urea » deeompos^, but 
not quite completely, by alkaline hypobromites, and 
less readily by alkaline hypochlorites: 

CO <55^ + 3NaOBr - 3Naif CO, + X, +2H,0 

The carbon dioxide is completely absorbed if exoess 
of caustic soda is used and the nitrogen alone escapes 
(basis of clinical estimation). Eitrous acid decom¬ 
poses urea completely: 

CO <55* + 2IINO, - CO, + N, + 311,0 

In fairly strong solution urea reacts with phenylhy- 
<lraziue in strong acetic acid solutiou to form phenyl- 
semicarbazide, a w’bite uirstalline solid melting 
at 170°: 

Urea yields a nitro-dcrivative— 


C0<: 


NH.XO,, 

Nil, 


which is obtained by adding urea nitrate to concen¬ 
trated sulphuric acid. It is a white crystalline solid 
which behaves as a strong acid; nitroorea is used in 
the preparation of semicarbazidc (q.v.) Urea occurs 
in urine ; an adult in health excretes about 1-5 litres 
of urine in 24 hours, and tliis contains from 21-5 to 
34 grams of urea; it also occurs in the blood and 
perspiration. It can be obtained synthetically by 
gently heating ammonium carbamate^ f- 


also by the action of ammonia on carbonyl chloride : 

CO<^{ + 2NH, - CO <55* + 2nCl. 

When a solution of ammonium cyauatc is evaporated 
on the water bath to dryness, it is transformed into 
urea, NH,CNO — CO(NH,),. In quantity urea may 
be prepar^ by heating anhydrous potassium ferro- 
cyanide with potassium carbonate, when a mixture 
of potassium cyanate and cyanide is obtained; this 
mixture is then heated with red lead till all cyanide 
is oxidised to cyanate (4KCN + PbjO, — 4KCNO + 
SPb); the cyanate is now treated with ammonium 
sulphate solution, filtered from the potassium sul¬ 
phate that separates, and evajiorated to dryness 
on the water bath; the dry residue is repeatedly 
extracted with absolute alcohol; exoess of alcohol 
is distilled off, and the rest allowed to standHill the 
urea crystallises out. To obtain urea from urine, 
the urine is evaporated to a syrupy consistency on 
the water bath; when cool, conoontrated nitric acid 
is added—urea nitrate crystallises out. The nitrate 
is filtered off (through gla.ss-wool), decompose by 
warming with barium carbonate and water 'for 
several hours, filtered from excess of barium car¬ 
bonate, and evaporated to dryness on the water 
bath; the mixturo of barium .nUrate and urea is 
separated by extraotloa with abi^ate alcohol as 
before. 


NIL 





■iBOEK 


ID^dM Cotnpoaads fonned by elimina¬ 

tion of water between urea and an acid or aldobyde. 
Pambanio add (ff-vO ^ nreido; ao are alloxan, 
nlloxautin, uramtl, etc.~all mentioned under Uiic 
Add (f.«.) 

Unter The ntinary duct leading from 

the kidney to'the bladdin or to the cloaca. 

Urathanea The estem of carbamic add. 






Drie Acid CChem.) 
HN - CO 

OC C. Nil or 
>CO 

IlN - C. Nil 


N :C.OII 

1 I 

HOC C.NH 

H II >.c.on 

N - C . N 


(2; C : H trioxypnrine. iSbo Tckines.) A white 
crystalline powder when pure (rhombic plates); 
one part d.ss)lvee in about 16,(KX) parts of cold 
water or in 1,C00 of boiling water; it is insoluble 
in the usual organic solvents (alcohol, ether, etc.), 
but is said to dissolve in warm glycerine. When 
heated it decomposes witliont melting, giving off a 
smell of burnt feathers, and forming ammonia, urea, 
^anic and cyanuric acids. Uric acid reduces 
Fehlug’s solution. When carefully oxidised by 
nitric add, uric acid gives alloxan au<l urea; further 
oxi«^tion gives parabanio add (q.v.) ; if the oxida¬ 
tion is effected by dilute nitric acid, alloxantin is 
formed; 

HN - 00 IIN - CO CO - NH 
11 1 ! on I I 

OC CO OC C/Io-CH CO 


Oarbunic ■4sid (wtknown). Xthyl caibuuate (urotbsM). 
Ethyl carbamate is « white crystalline solid; melts 
at 60°; boils at 184°; sublimes below its boilii^ 
point; easily soluble in water and in alcohol. It is 
easily hydrolysed by alkalis: 

“<oak “O'** - ®®<oxa + 

NIT, + CjHjOH 

Heated with ammonia, it gives urea. Urethane is 
obtained by allowing ethyl carbonate (a colourless 
liquid obtained by the action of ethyl iodide on 
silver carbonate) to stand in contact with ammonia 
till it has all gone into solution, then evaporating in 
vacuo. If amines be used in place of ammonia, alkyl 
urethanes are obtained— e.ff. with methylamine, 
methylurethane— 

is obtained; it is a colourless liquid. When an 
ethereal solution of methylurethane is kept cold and 
treated with nitrous fumes (from arsenious oxide and 
nitric acid), nitiosomethylnrethane is formed: 

.N.NO.CH, 

^^<OC,IIj. 

It is washed with water, then witli sodinm carbonate 
solution, and dried over anhydrous sodium sulphate; 
its ethereal solution yields diazomethane (q.v.) when 
wt^picd with caustic 2^(^tash in mcth}l alcohol 
solution. 


On adding ammonia to the residue ebtaiiMd fay. 
evaporating urki ad.d with nitric acid on the wwbr 
bath, murexide is formed^ Murexide is.j|>beainamaiiit>k 
salt ot purpnrib acid (;.«.) This Is an importimf 
for uric acid.^ Uric acid is a weak dibesm add, and 
forms three series of salts; rie. C.H.U^NiCL (normal 
salt); C,H,MN,0, (biurate); CjH,«N,0,,C,H,N,0, 
(quadriunite), where M is a monovalent metal or 
base. The alkali urates are uicue soluble in water 
than urio add itsdf, but the'^normal salts are 
resolved by much water into biurates. Ihe 
urates of certain oiganic bases are also far moro 
soluble in water than uric acid; e.g. piperazine 
^^.r.), which is used as a remedy (prol»bly useless) 
in gout. lithium biurate is very soluble in water— 
hence the use of lithium salts in gout, but their 
value as a remedy is doubtful. Uric acid is com¬ 
pletely predpitated from its solutions by saturating 
the latter with ammonium chloride; the precipi¬ 
tate consists of ammonium biurate, which is quite 
insoluble in a satnrated solution of ammonium 
chloride—basis of a method of estimating uric acid 
in urine. Ihe acid occurs in urine—a healthy adult 
excretes from 0-2 to 1 ‘26 grams in twenty-four hours; 
it is a common constituent of urinary ca&uli; in the 
blood of gouty persons it occurs as sodium biurate; 
it also deenrs in the excreta of birds and serpents. 
Uric acid can be prepared from the excrement of 
serpents, hens, or pigeons by the following process : 
The material is dissolved in Slper cent, caustic potash 
solution and boiled as long as ammonia escapes; a 
rapid stream of carbon dioxide is passed through 
the filtered solution till it is nearly neutral; the acid 
potassium urate thus precipitated is filtered, washed, 
dissolved in hot dilute caustic potash and poured 
into excess of hydrochloric acid. If the preci^tatCd 
acid is stUl coloured, the process is rcpeateil <m it. 
Uric acid has been synthesiseil—(1) from methyl 
uracil EthylacstoaceTATe), which is simul¬ 
taneously oxidised and nitrated by nitric acid; the 
potassium salt of nitronracilic acid loses cfirbon 
dioxide when boiled with water, and the resulting 
nitrouracii on reduction with tin and hydrochlorio 
acid gives aminonracil and hydroxyurucil. Bromine 
water oxidises both these compounds to isodialuiio 
acid, and the latter when heated with urea and 
concentrated salpharic acid yields uric acid. 


HN - CO 


IIN - CO HN - CO HN - CO 

I I _ I 1 I r 

OC CH -» OC C.NO.->OC C.NO, “> 

I II I U I i 

IIN - C .CH, HN - C. COOH HN - CH 


KitnmneiUo acid. 


Kitrotmtcil. 


HN - CO 

I I 

OC COH 

I » 

HN - CH 

Hrdrozrniacil 

iMbainiturio 


HN - CO 

oi* c.< 


C.OH' 


HN - C.OH 

Isodialnric 

acid. 


HN - CO 

►OC t.NH 
I II >CO 
HN - C.NIl 


HN-CO 


OC C/lo - CH CO 

HN - (!o CO - in 

AlloxanUtt. 

OC-NH 

Bamlwwiie add. 


(2) From malonio acid and urea, which condense 
under the influcuco of phosphorus oxychloride at 100*^ 
to the ureide of nmlonic acid (barbituric acid), which, 
in solution is converted by potassium nitrite into 
isonitrosobarbituric acid (violurio add)—a compound 
also formed by the action of hydro;i^l^inC on 
alloxan. On redaction with bydriodio acid, violoric 
acid gives aminobarbitoric acid (ursumil), which on 
boiling with a solution of potassium cyanate given 
psendourfe add ; the latter when added to melted. 



TTBX 




ai6 


oxftlic! acid or whea boiled with 20 |)et cent, hydro* 
cbiorio acid gives ttrio acid: 


CH, COOK 



COOH^ 

HN-CO 

0 

.OH 

00 

1 1 

T ^ 

1 

-> 00 CH, H 

1 1 

/ 

H,0 

CH,COCOOH 

Ih,n 

COOH/ 

HN-CO 

1 * 

Una. 

HaloBtc acid. 

BarUtiiTia acid. 

1 

)<c5)ii 

HN - 
1 

00 

I 

HN - CO 

1 1 

HOOC:0 

0 


OC C;NOH “> 00 

I I I 

HN - CO HN 

Violoric acid. 

HN - CO 

OC CH.NH.CO.NH, 

ni- CO 

Pieudouric acid. 


V/AA 

Jo 


,NH, 


cn. 


Unmiil. 

HN-CO 
OC C.NII 

1 II >00 

HN -C.NH 


+ 25j0 + 


CQOa 

\/ 

c 

/\ 

H.0 OK 

I'J ■ 

HOOO.O C.COOH 

\/ 

» CH 

UetfayldihydrDitiiiMsio add. 

COOH 


Urtoottian Bocks ( &eol.') A name given to certain 
rre-Cambrian igneous rocks in tbe neighbourhood of 
the Wrokin. The name is derived from Urioonium, 
a Homan station. See 1 ^£-Gaubbian Hocks. 


COOH 
Oxalic add. 

The metbjldili jdrotrimesic acid loses carbon dioxide 
and two atoms of hydrc^cn when added to hot 
concentrated snlphnric acid, and forms uvitio acid. 

Uwarovite (J/bt.) A lime-chrome Oamet of 
emerald green colour from the Ural Mountains. See 
Oabnet. 


Dntt (^AroJuttol.') (J) A large kind of vase with an 
oviform or a rounded boily standing on a foot; used 
a.s a receptacle for the aslies of the dead, as an elec¬ 
toral vase, etc. (2) A Roman liquid measure, equal 
to half the Amphora 

Urtioaoev (Botany). A natural order of Dicoty. 
ledon.s, comprising the Nettles, and in some classifi¬ 
cations tbe Mulberry and Elm. Many valuable fibres 
are obtained from plants of this order. 

(Mmie), The first of the sol-fa syllables. In 
England and many other countries do has been sub- 
stUtited for vt {see Eol-fa). Ut bdmol, C Sat; ut 
di^se, C sharp. 

Vvic Aeid (C^em.) See J’yboteitabic Acid. 


KvitJo Jloid (C/tem). 

C.CH, 

hc/Noh 

HOOC . cl^C . COOH 
CH 


(Mesidic acid). 


While needles; melts at 287"; soluble in alcohol and 
ether; when heated with quicklime it gives first 
metatoloic acid, then toluene: 


HC 

HC 


G.CH, 
CH 


n 


C.COOH 


CH 


and 


c.cn, 

HCr^CH 

HCV.>CH 

CII 


On oxidation with chromic acid it yields trimesic 
acid—the methyl group is oxidised to carboxyl 
(COOH). It is ol^n^ by oxidising mesitylene 
(q.r.) with dilate nitric acid; it is also formed from 
pyruvic acid (g.e.) along with other acids by boiling 
with baryta water. The formation of uvitio acid 
from i^vic acid is beet effected by boiling with 
caoslie soda, when two condensations ooeur: 


CH, 

CH, 

CH, 

Co 

1 

to . 

j 

A -COOH 

j^OH 

COOH 

CQOH 

CH/X>.COOH 


Y (Chem.) The symbol for Vanadium (gi.r.) 

y, V {Phys., ling., etc.) A symbol for (1) A’elocity, 
(2) Volume, (3) i’otcntial Difference or Electro¬ 
motive Force. 

Yacoinium {Bntnny)." A genus of the order 
Brieaeecp, represented in Britain by the Whortle¬ 
berry, Cowberry, and Cranberry. 

Yaeuum. Theoretically, an empty space, con¬ 
taining no matter whatever. In practice, the term 
is applied to a space containing a small quantity of 
some ga.*! at a vcjy low pressure. The lowest prp8.«iuro 
attained is less than the fifty-millionth part ofif’au 
atmosphere. 

Yaouum Brake {Eng.) A form of brake used on 
railway train.s. The brake blocks arc actuated by 
pistons working in exhausted cylinders, air being 
admitted on one side of the piston. The vacuum is 
produced by pumps on the locomotive. See mder 
Railways. 

Yaeoum Gauge {Eng.) A gauge which measures 
the gaseous pressure in a partially exhausted space, 
or, more usually in the case of steam engines, the 
difference between tbe pressure of the atmosphere 
and that of the gas, etc., inside the space under 
consideration. This difference of pressure may bo 
expressed in pounds per square inch, or in inches of 
mercury, just as the ntmoeq^heidc pressure is. 

YaCBain Pomp. See Aib Bump. 

Yacamn Tube {Phyt.) A tube containing a gas 
at a very low pressure (f.s. a so-called vacuum), 
usually fitted with electrodes by means of whioh^be 
lube is connected to the secondary terminals of-an 
induction coil. A veiy cLaracteristio series of 
phenomena accompany the electric discharge which 
tidres place tiuough thte tube, e.p. bands and striss of 
light, and varioua forms of radiation, each os Chthode, 
Lennard, and Bdntgen Bays. See Bapiatiok. 

Yalr. One of the henddic ** fare.’' It re^mbles a 
number of little shields placed in towb,^o altsemate 
ones reversed and of dmerent tincture. TbetiootiuBS 
are argent and azure unless otherwise stated See 
Hsbaldby. 
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aontber lol ^dtog«Qi atooat «lilch «aa aaitO' wltb 
oaa atom of an. element A may be taken as one 
matbod, of defining the valency of A. But some 
elements do not unite with hydiogen, and some 
others that do form compounds whose molecular 
weights are unknown. To meet this diffionlty chlorine 
may be used to determine the valency of the element, 
-as it is known that one atom of chlorine unites with 
one atom of hydrogen. Using one or other of these 
means we have— 

]fOxovAz.BKT BiiBMaNTS (Monads); 

H, CIH, BrH^FH, IH, AgCJ, InCl. 

Ditalbh'C Elbuents (Uiads): 

OH,, SH„ SeH^ ZnCh, HgCL, InCl,, 8nCl„ PbCl,, 

FeCl,, CrC^. 

TbivAleki Elements (Triads): 

BH„ NH,, PH„ AsH, 8bH„ InCl,, AlCl, BiCl„ 

FeCij, CrOl, 

Tbtbavalest Elembets (Tetrads): 

CH„ SiH„ SnCI,. 

Tentavalent ELEMBiTTS (I'eutrads); 

rci„ WClj. 

Hexavaluxt Element (Hexads): 

WCl.. 

The compounds used in the above table to determino 
the valency of the elements are all gases or are 
capable of being gasified at a high temperatui'o, so 
that all the above formula; -are correct cither at 
tiio ordinary temperature or at a high temperature. 
It is seen at once that some elements have more 
than ono valency, c.y. indium, tin, iron, chrominm, 
phosphorus, tungsten. Again, while at moderately 
high temperatufes tlie following compounds SnCIj, 
FoOlp CrCl,, AlCl,, FeCl,, and CrCT* (most pi-obably) 
have the formula; assigned to them, at lower tem¬ 
peratures they have a formula which is in all cases 
dooljlc the foregoing, vir. Bn^Cl,, etc., so that some 
elements alter meir valency with the temperature. 
If this view be not taken, then it must be assumed 
that the simpler molecules in any one case unite with 
each other at lower tcniporatures, but are unable to 
do so at high temperatures; on this assumption the 
donble molecules would bo molecuLir compounds. 
In the above table the valency of sulphur, nitrogen, 
and lead aro shown to be two, three, and two respec¬ 
tively. But tho following compounds of these 
elements can all have thi ir vapour densities deter¬ 
mined, and arc thus known to have the formulic 
assigned to them: 

SO,, 80„ SF„ NH,C1. rb(CH,),; 
and oxygen is divalent, fiuoiine, hydrogen, and 
chlorine monovalent, and the group OH, is mcUianc 
(CH,) less one hydrogen atom, and therefore also 
monovalent. Hence it must be convluded that 
sulphur may Ite divalent, totravalent, or hcxavalcnt; 
nitrogen trivalent or pentavalent, lead divalent or 
tettOTalent. It is now seen that the valency of an 
element varies with the nature of the other element 
or elements with which it is united; and ss aal{|bar 
trioxidp breaks up on heating into tho die^do and 
oxygen the valency of this element ohangcaiivith the 
temperature. In the case of the elements sodium, 
potassium, oalciam, strontium, barium, compounds 
capable of being volatilised at temperatures auitable 
for vapour-density determination are not known 
(potosainm ii^de is an exception—in this compound 
potaasium is tocnovalentX so. that their valencies are 
deddod from the results of analysis alone. For 


example, 1lho;t^ulio^an«l;Mskbd««l4b•t!a|au)•d^ - 
■Of aodium .dilorido’tO‘be -KaOl, bub its trite silwsIlMnIn , 
may be-FAjClj or etc.: £roiw;sodi««h^''ii'w''. 

meud of low mefiting point (9fi°Xabd ehk>ri(»ii.ia *; 
gas, and it would seem unlikely that if .aod^te 
chloride hod the formula KaCl it wOUid melt m .« 
high temperature: for instance, silver meUs at 
and silver obloride which has the formula AgCl melts 
at 450^. In view of tiirae foots sodium chloride, 
which melts at 818” is more likely to haye the 
formula Kn.Cl, which would make so^um trivalent 
ClNa^NaCl, than NaOl. Thus it is seen-tiiat in 

Na 

Cl 

tho case of the important element soidium it is 
assumed rather than proved that it is a monovalent' 
element, and a similm remark applies to all those 
metals which do not form vaporisable componmts. 
But it must be remarked that the sodium ion conies 
tho same chaige as a hydrogen ion, and so the ion 
is monovalent. In cases of this kind tho Periodic 
System is of some service in determining valency— 
the metals of Group I. are monovalent or tiivalent 
except in tl.o case of copper, which is divalent. 
See Pebiootc System: As another instance of the 
determination of valency in the case of uon--rapori£- 
able compounds, the cose of tetravalent oxygen may 
be quoted. See OxoMUH COMPOUNDS. Prom tho 
table it will be seen that nitrogen and carbon are 
respectively tiivalent and tetravalent; but in tho 
two compounds EO and CO these elements aru 
almost certainly both divalent. To meet this diffi¬ 
culty these compounds may be called unsaturated; 
that is, the nitrogen and carbon are not acting in 
tbeffi with tbeir highest valency, and they have 
therefore the iKJwer to unite witii elements or 
groups sufficient to bring up their valency* to 
three or five in the case of nitrogen and to four In 
the case of carbon. Now nitric oxide unites more 
readily with oxygen tliau with any other element, 
and we then get the compound EO,, in which 
nitrogen is tetravalent; or it may be assnmed that 
the compound EjO, is formed first, in which tie 
nitrogen is pentavalent, and that this breaks down 
with two niolcculos KO,—that L®, tho valency of 
nitrogen chauge'i from five to four. Carbon mon¬ 
oxide adds directly one atom of oxygen or two 
atoms of chlorine, and the carbon becomes tetra¬ 
valent—CO, and COCL. lu writing the formulas 
for compounds, the valency of the elements con¬ 
cerned is generally represented by lines, every line 
attached to the symbol of an element representing 
its power to unite with one monovalent element or 
group. For example, 0=C»=0 means that caibon 
and oxygen are united together in snob a way tliat 
one tetravalent carbon atom is united to two 

H - C - H 

divalent oxygen atoms. Again, If repre- 

H - C - II 

seats two tetravalent carbon atoms each united 
with only two njonovalent hydrogen atoms and a 
divalent this latter'case eaclt 

carbon atom can unite with one monovalaDt atom 
or group and so become'‘satarated.” 

Ok , 


H 

H 


-C-H 




Btbylma. 


il — C — 



H 

H 


6 ^ 



VAIi 


818 




The tvr > lines between the two carbon atoms in 
ethylene are not intended to mean ai^ything more 
than this. Two carbon atoms joined in this way are 
said to be “ doubly linked.” Bimiiarly, in acetylene 
Oil ' 

III the two carbon atoms are “trebly linked,” 

cn 

meaning only that each carbon atom can nnite .with 
two suitably chosen mono\alent atoms or gTOU})8, 
or their equivalents, as two hydrogen atoms and 
ClI CH, 

one oxygen atom |1| + 11.0 =1 . ffte 

UH CHO 


TI^saTukated Compounds. There are many com¬ 
pounds whoso existence seems to be incapable 
of explanation on the ordinary theojy of vaUncy; 
such are salts containing water of crystallisation— 
e g, CaCl,6H,0, and the complex compounds of salts 
of metals Ime cobalt and platinum with ammonia. 
Accordiugly, it has been assumed that these are , 
“ molecular cuinpounda ”; that is, the molecules com¬ 
posing them aie endowed with the jiropcity of 
uniting with each other just as the atoms of elements 
are, only there are no rules as to the valency’ of these 
molecules, Notwithstanding the inadecpiaoy of the 
tlioory of Valency, it has rendered, and still rendeis, 
imaluable service to Chemistry, ^his arises fiom 
two causes. First, it is easUy and accurately applied 
to exhibiting the constitution of salts, adds, and , 
bases t and also the monovalent atoms and groups 
in these classes of compounds are those which in 
solution carry a charge of electricity ectual to that 
earned by the hydrogen ion, while the divalent 
elqments and groups carry twi<c that charge, and 
soon. {Secondly, the valency of caibon is leAiaik- [ 
ably constant, probably owing to its clectmally 
iieutinl character—it fo.nis, in Penes 1 of the I 
1‘eriodic Kystem iqx.'), the border element, as it | 
Were, between the electropositive elements of 
Croups 1., II., and 111., and the electronegative 
elements of Gionps "V., VI., and VIL Tins constancy 
in the valeiM'y of carbon has coiitiibnted more than 
anything else to the development of <»gamc 
Chemistry. As to the nature of valency nothing is 
c’crtainly known. For a v.'xliiable extension of the 
theory of valency, see Weunkb’s Theorx Two 
examples of the application of valciuy to the de¬ 
termination of formul® arc apiiendi d. (1) The 
formula fur sulphur dioxide is K()^ This may be 
wrilten 0 = H«=O. This gas unites, moletule for 
molecule, witli chlorine, funning a stable compound, 
sulphury I chloride, whiih will have the formula 
Cl 



0, for the grouping —0—Cl would be un- ' 


stable (Hypochlorite group). Pulphiiiyl chloiidu 
reacts with water In the pro^rtioii of one molecule 
of the former to two of the latter, giving sulphuric 
and hydrochloric acids: the only icasible way of 
lepresenting this reaction is 




Cl 

I,, 

O a b CS o 

1 

Cl 


KOH 

+ 

IlOH 


OK 

0 = H = 0 1- anri, 

.Ih 


thus giving the consUtntion of suliihuric acid. 
(2) The formula for phosphoric acid being n,l’0|, 
what will be the formula for caicium phosphate and 


stannic phosphate! ' Calcium is t|ivi^eni.ni(| 
the stannic salts tetr&i^alest, so we must have: 
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(a) II PO. + 8Ca 
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Valentealto (Min ) Tlie orthorhombic antiroonic 
oxide Bl>,( *, (r/; Sesabmontite). Antimony = 84 *8, 
Oxygen lu’t per cent ; often in aciculai ciystals of 
a white or greyish culuui, with high lustre; It is 
an altcrntion product of other antimony ores, ami 
occurs with tlicm at numerous mines in Bohemia, 
Saxony, etc. 


Valeric Acids ( Chem.) CjIIibO. (V'uleiionic acids). 
There arc four of these acids: ** 


1 Niituial II. Idovnlcnc 111, Mathylatli}!- IV.'^nmeUiyl. 
Talaraiuid and. aertie aud (con- aortiouSd. 

I) r. 1S(>* Il,r, 174°. tainnaD nayniutotiie M.P. S9°, 
curlion atom). B A 1C3". 

B.r. 17V. 
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1. A colouriosb liquid : stxiringly' holuble in water; 
smells like bntyiic <iu<l. It can l>c obtained 
.synthetically from inahmu’ ester and piopylaudide : 


OOOl’,H, 
(JII, -! 


cootyi, 

COOCjHs 

(I'll cii,cH cn, 
(’oor,iij 


COOC Hi 
! ‘ 
Clll.'a 


C1I,CH,C'U,1 

c’ii,Cii,cn, . CH, 
coofi 


TI. A culunricss liquid; sparingly soluble in water i 
it has a disagreeable snieU of old cheese: it is 
oxidised )>y clijomic acid tu acetic add and (fixrbon 
dioxide, it occnis in valerian roqt as bomyl ester, 
in the wild guelder loso and a number of other 
plants, as a docompositiuii provTuot uf protcids, and 
lu peiMpimtiou. It is obtaineil, bat nut free from 
III, by oxidising amyl alcohol with potassium 
diohromalc and snlxihuric acid; a pure preparation 
can be obtained from mglonic acid ana isopropyl 
iodide (ef. I.) Its isoam^ ester smells of apples, 
and is nsed as a ihiv oaring agent, • 

HI. A colouilcbs liquid ; smeUs like 11.; on oxida¬ 
tion It gives carbon dioxide and acetUi acid. It is 
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▼4ar 


C,H* 


^M»'W|*iii,airth#Be Iotom <dex«to-, lasro-, and in- 
’active^; ibe ’lie'vo-aoid is obtained when am^ 
alcohol is oxidised. Synthetically k can bo ob- 
‘ toined ^ither from etbyl malOnate ot ethyl aceto- 
acetatq'^ • 

» CH, 

i 

CO 

* Ah* 

AjOO' 

CHj ^ 

Ao 

'ANaOH, 

AoOCjH, 

The inactive acid so .obtained can b j resolved by 
brucine, the lasvo-aalt being the less solntdo. The 
acid oc^is in angelica oil, wbiph is used in flavour¬ 
ing liqueurs. 

IV. A white solid; sparingly soluble in water; 
smells like II. and also like .'tcctic acid. It is pre¬ 
pared from tertiary butyl alcohol by comerling it 
into the iodide, the iodide to nitrile, and hyuro- 
lysing the latter. See aho Btebeocbbuistbt. 

Tiaiey (Build.) The V-shaped hollow between 
two intersecting roof fcuilav-cs. ^ 

Talonia (Botany). The commercial name given 
to the unriiw acmn<. of tfwrens \Uffiliips (ordc., 
f'upvJi/era), used in tanning, and obtained from an 
oak grown in the Levant. 
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handle is raised the foul idr may escape Into theeften 
air instead of into th9 apartment. s 

Yhiv* lUhtfram. A diagram showing the esiuti , 
positldn of a slide valve, and consequently the open¬ 
ing of the ports of the engine, at any posiHoa of the 
stroke. There are several forms, due to RBtTURABX, 
ZsiTume, etc., but they all aim at giving geometrical 
representation of the sam^^ts. w 

Talve, Eleetrio (Elect. Mng.) (I) Any meohacical 
valve operated by electrical means. (2) More usually, 
any conducting arrangement which permits aourreht 
to flow in one direction only, and which may therefore 
be used to rcotify an alternating current, It may 
take various forms : eg.Ta. particular kind m eleotp- 
lytic cell, or a suitably designed vacuum tube. 

Valve Face (Eng.) The suifaoe on which a valie 
rest) or moves : apidied especially to the surface on. 
which a slide valve (q.v.) works. 

Valve Gear (En^.) Ihe mechanism which moves 
the slide valve (or its equivetent) in an engine. ' 

Link Motion. * 

Valire Rod (E'^g-) A rod, one end of which Is 
fixed to a valve, tho other end pussing out thyOugh a 
suitable stuffing box, and being acted upon by some 
form of valye j^ar. 

Valve Beat ( Eng.) Tho surface on which a valve 
rests ; ajiplieil to disc, ball, aud other forms of Valye 
other thim a slide valve. 

Valve Sector (Eng.) The slotted link in the Link 
Motion iq.v.) 

Vsdve Spindle (Eng.) ( 1 ) Tlie rod by which a 
valve is moved. (2) The short rod (used in many 
dial valves, etc,) which guides the motion of a Valve 
as it rises and falls. 


Valve (Eng.) A device for closing a pipe or 
juvisage iu order to contird, or entitedy stop, tiie 
ilow of a liquid or gas. See 8T/IOi: V.vi.ve, Hall 
Vatvc, eie'. 

Valve Box, Chest, Casing, etc. (Eng ) The rase 
cr cover of a valve. 

Valve Closet (Sanitation). Hus consists of a 
basin, vvilli a circul.ir outlet at its lowest pait, closed 
by a watertight valve. This valve is binged at one 
side and connected with the handle of tho closet, so 
that when the handle js raiscil tin* valve is depressed 
into a metal bo.x which is conneited by means of a 
Mpbon or anti-D-trap with the soil pipe. A valve 
closit should not be flushed from a water-waste 
preventer, but from a nmnll cistern bolding from 
6 to 8 gallons of water, so as to provide an “ after 
flush," that is, a supply of water to remain in the 
basin. To secure this uf (cr flush it is usual to employ 
what is know’ll as a “bellows regulator,” a piston 
moving in a cylinder and connected with the handle 
of the closet and tho valve of the supply pipe. The 
cylinder is provided witli an air escape pipe, fitted 
witR a tap, which regulates the rate at which the 
piston descends, and thus determines the amount of 
the after flush. When tho hamlle is lifted the piston 
is raiseil, and tiho valvo lu the supply pipe is opened; 
but when the handle is released the water continues 
to flow until the pHton falls and closes the valve. 
An overflow* pipe, trnpp«l, sTiould also bo provided 
to the basin, aud to prwent siphonage this should be 
connected with tho supply pipe by a branch pipe, so 
that the water is renewed every tiipe the closet is 
used. It is also advisable to attach a ventilating or 
“puff" pipe to tho valve box, so that when tho 


Valve Spring (Eng.) A spring used to keep a 
valve in place, i.e. in contact with its scat, when it is 
not reqiiiicd to be open. Spririfes are commonly 
fitted to the disc valves used iu many forms of petrol 
engines (f^.r.) * 

Vamping CZeatfier Mann^ae.) An over swelling 
of the bkm dining the liming or drenching, Some¬ 
time) termed " blowing.” 

—— (Musie). Playing an extemporised accom¬ 
paniment to a solo. 

Vanadinite (Min.) A v.madate and chloride of 
lead, 3rb,V,0,. Pbl’l*. Hexagonal and isomorpbous 
with Kampylite (q.r ) It is usually in ahoit prisms 
or globular masses of a yellow or greenish colour. 
From Wanlockho.wl in Dumfriesshire, Siberia, ‘ 
Mexico, etc. 

Vanadiom ((hem.) X. Atomic weight, 61’2. 

A raie clemoiit coming between phosphofu.s ami 
aiseiiicin Group V. of the I’eiiodic 83 stem. In its 
physical properties it rescinblcs a metal; bnt 1 ^ 
chemical propeities aic those of a noto-inotal. It is 
obtained by ledudng the dichlorido in hydrogen at 
a blight red 1 oat: ox 3 ’pen, nitrogen, and water vapour 
must be ligidly excluded from the apparatus. So 
prejiared, it is a ci.vstallino greyish white powder; 
melts at 1,680®; specific gravity, 6 - 6 ; burns tq tho 
pentoxide when heated strougly iu oxygen; heated 
in nitrogen it forms the nitiide 'VH; heated in 
chloiinc it forms the tetrachloride VCl^; hot cob- 
ceuirated sulpburio acid oxidises it; nitric acid of* 
any strength oxidises it. The element is widely 
distribntod, but always in small amount; apparently 
it always occurs in thb form of vanadates. Thus 
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’ranadinite is 5Pby(;.VO,)^. PbCU, i80i!pprobo4»r.,,witl& 
apatite, pjromorpbite, sumietislto (toe the*^ ;• eiot- 
tramite, {oand in tbe Kenpor (S>v.\ in Cheshire, is 
,(Pb,Cu),(V04),.2{Pb,Cu)(0BX, Five oxkles ate 
known—namely, VjO to V^Oj.. None o£ them forma 
salts of the form V^Rnt where B is the pcul 
radical; bat (ncjsalta such os hypovanamc salphate, 
V^O-CfiO^)™ a greenish blue powder, and vanadyl 
sulp^i^ red cryst^s, are obtained—the 

first by dissolving the tetroxide in snlpburic add 
and beating, and the second by dissolving the pent- 
oxide in hot dilate (1:1) sulphuric acid. Hie most 
important oxide is the pentoxide, VgOj, which is 
obtained from mottramlte by extracting the crushed 
sandstone which contains the mineral with hydro¬ 
chloric acid and concentrating the acid'solutions and 
washings, adding ammonium chloride and evaporat¬ 
ing again till ammonium metavanadato crysmllises 
out. Ihis salt is repeatedly crystallised and finally 
heated—the pentoxide remains. To pin if y it, it is 
again converted into ammonium vanadate, and tLe 
latter decomposed by heat. It forms yellowish i ed 
prisms; melts without decomposition; spaiingly 
solnble in water; with alkalis it forms vanarlates— 
e.0.ammonia givesammonium meta vanadate, NH^VOc 
Tlie tetroxide, VjO,, is a bluo crystalline powder, 
obtained by prolonged exposure of the tiioxide to air; 
insoluble in water. The trioxide, V^Oj, is a black 
powder, obtained byheatingthe pentoxide in hydrogen. 
The dioxide, V^Og, is a lustrous grey powder, obtained 
by passing the vapour of the oxytriohloride with 
excess of hydr^en through a red hot tul'.e filled 
with charcoal; insoluble in -water; soluble in acids, 
giving a lavender solution which readily absorbs 
oxygen and has strong bleaching properties. The 
existence of the monoxide is not established be.fond 
all doubt. Tho Vanadatfs are derived from the 
pentoxide. No ortbovanadic acid, H^VO,, is known; 
Mt metavanadio acid, HVO,, forms golden yellow 
scales slightly soluble in water. It is obtained by 
adding excess of ammoniuin chloride to a solntion 
of copper sulphate, then ammouiupi metaranadate 
(see above), till a precipitate is obtained; the 
whole is warmed to 70”, and the product is washed 
with dilate sulphuric acid, sulphurous acid, and 
water, and dried at 100“. It is usoil as a pigment 
under tho name “vanadium bronze’’; pyrovanadic 
acid, H^VgO;, is also known. Hypovaiiad.ates are 
derived from the tetroxide; thus potassium hypo- 
vanadate, KgV^OaTHgO = KgO. 2V,0,711*0, foims red- 
brown scales very soluble in water; it is obtained 
by adding excess of caustic potash to a concen¬ 
trated solution of hypovanaiiic sulphate (eoe above). 
Chlobiues : Tetrachloride, VCl., is a dark brownish 
red liquid; boils with partial decomposition to 
trichloride and chlorine at 164“; fumes in air; dis¬ 
solves in water, forming a bine solution of hypo- 
vanadio chloride, VgOjCl^; it is obtained by passing 
the vapour of the oxytricblorido with excess of 
chlorine over pure charcoal heated to low redness. 
The trichloride, VCL, forms shining peach-blossom 
coloured tables Bimilar to chromic chloride; it is 
deliquescent, and dissolves in water with a brown 
colour; solulde in alcohol, forming a greenish bine 
solntion, and in ether forming a green solution; 
heated in air it forms the pentoxide ; it is obtained 
by heating the tetrachloride or by heating the 
trisnlphide in a current of chlorine and separating it 
from the anlphnr chloride, which is also formed, by 
Bnctional distillation. The diehloride, VC4, forms 
epple-green Justrons hexagonal plates; it is deli¬ 
quescent; soluble in alcohol and ether like the 


pwoeding compoaadii4^^^eBdaiMid.dft byd«ogeiMiA,fi(e9dn 
the metal; it is -obtaiiMdi by, passing tbe;vap(»ta<«f 
the tetrachloride mixed withs-pure hydros^ tbniHig% 
a glass tnbe heated to low redness, ^e os^ri- 
cbloride, VOClj, is a yellow liquid; boils it 127®; 
vaponr density normal; emits red fnmes in idr and 
is decomposed by water, forming pyrovanadic (7) 
and hydrochloric acids; it is obtained by heating a 
mixture of the pentoxide with charcoal in chlorine 
and redistilling the producst over sodium in a current 
of carbon dioxide. Three sulphides are known— 
V,8g; VgS,; VjH*. Tho trisnlphide forms shining 
black leaves, and is obtained by beating the trioxide 
in sulphuretted hydrogen or ^^toxide in vapour of 
carbon disulphide. The other sulphides are obtained 
from the trisulphide by heating It in hydrogen and 
with sulphur respectively. 

Van dep'Waala’ Equation (Pby$.) The equation 
which expresses the relation of the pressure 
volume (v), and absolute temperature (iJ) for a perfect 
g“— 

pv ss Rff 

is only approximately true for any known g^. A 
more complete rcxjresentation is given by the 
Equation of Van dcr Waals— ' • 

Rd 

in which a and h are two additional constants 
depending upon the particular gas. 

Vandyke Brown (Paint.) A useful pigment cf 
a rich Brown colour used by grainers and houso 
painters, and made by mixing lamp or other block 
with red oxide ami toning up with yellow ochre. A 
better quality is made by burning at a light heat 
cork cuttings, bark, etc. Vandyke brown is per¬ 
manent, and works equally well in water, turpentine, 
and oil. 


Vane (Eng.) A plate, arm, blade, or other device 
projecting from an axis for the purpose of h&'ing 
acted on by a moving current of air, Wtater, etc., as 
in the case of a water wheel, turbine, windmill, etc. 


-, Wind (Meteorol.) An arrow, or equivalent 

object, placed on a vertical support and free to turn 
horizontally. The direction the arrow points is the 
compass direction from which the wind is blowing. 


Vanilla (Botany). The unripe fruit ( Vanilla Bean) 
of the Mexican orchid Vanilla planifolia (order, 
OrehidatSCfF) are dried, uud afterwards treated with 
oil to retain tho fragrance. An extract obtaineil 
from the bean is used for flavonring ices, confec¬ 
tionery, etc. Other tropical species, <i.y. V.gmnAifiom 
and V. aromatica, are also employed, but are not 
equal in quality. 


Vanillin (Chem.) 


C.CIiO 
HC^^CH 


HCI 


COH 


o 


White needles; melts at boils at 285®.(170® 

under a pressure of 16 mm. mercniy); sublimes on 
heating; Soluble in alcohol, ether, ehloroform, hot 
petroleum ether, but slightly soluble in oold petro¬ 
leum ether. Tbo smell of 'vanilla is due to this 
substance, and vanilla pods qontain about 2 per cent, 
of it; it is also found, but to a less extent, in jgum 
bensoin from Siam and Sumatra. It te extensively., 
used forfiavouring confectionery and liqueurs,. As 
an aldehyde It Is e^ly oxidised to the correq>onding 
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aeid, VaniUkiJMsid, «.ji;.b]rinoi«t air otby iu&tacmlEM!al> 
aUm; aodiQoi amaigam reduces U 1m. 'vmiUio 
and to hydrovanilloUt > '. i 

/OH H0\ 

OCH, H,CO-^C^,r 
\OHOH . CHOhX 

yields an oxixne and combines with imdiaiB 
hydrogen sulphite. As a phenol it gives a colour 
raaction^blue—with ferric chloride; it.gives an 
acetyl derivative with aueUc. anhydride. As an ether 
it apUts off methyl cblori^ when heated in sealed 
tubes with hydrochloric acid. It can be extracted 
from vanilla pods, bdt is now made artiflcially in 
a variety of waya (1) The gluooslde coniferin 
cccurs in the juico of the cambium of fir trees, and 
may be obtaiued by boiling the juice, iiltering, and 
evaporating till the .gluoaside will crystallise out; 
the • coniferin is then oxidised by rather dilute 
cbropiio acid, yielding a gluooside of vanillin, which, 
on hydrolysis by dilute stilphnrio acid, yields glucose 
and vanillin, and the vanillin is extracted with ether. 
(2) Eugenol (?.r.) is converted into isoeugenol by 
iMiling i t with caustic potash in amyl alcohol for about 
twenty-four hours, distilling in steam to remove the 
alcohol, and liberatiug the isoeugenol with an acid; 
the isoeugenol is acutylatcd with acetic anhydride, 
oxidised with potassium permanganate iu acetic 
.acid solution, and the oxidation prc^uct hydrolysed 
by caustic potash; the vanillin is extracted with 
ether and purified by means of its sodium hydrogen 
sulphite compound: 

IH-.CHj CHiCH.CH, CHrCH.CH, 

1 I -^11 

Ha kyOCII, k^OCr, 

OH on O.OC.CIIs 

Clio Clio 



Oomparo PxpeboNal. (3) From protocatechuio 
aldehyde (from catechol (s'.?’.) by Heimer’s reaction 
(q.v,) by shaking with dimethylsulphate (Patented). 
(4) Fromgnaiacol. /!*?«? liElMER’s Heaction. There 
are several other ways of obtaining Vanillin, 

VaaishlBg Point (Painting and Ih'awing). The 
point at which all the imaginary lines in the per¬ 
spective of a picture or drawing converge: the 
intersection with the picture plane of a liue or plane 
passing through the eye and parallel with the original 
line or plane, i.e. one in natme, etc. 

Ifapoar and Vnpoup PreMore (Pftgn.) A vapour 
is test defined ns a gas which can be condensed to a 
liquid'by the Bisplioatfon of pressure alone, without 
the DBoessity for lowering the temiieraturc. 

The actual gaseous pressure exerted by a vapour 
Is termed the Vapoub PBEssobb or VArovu 
TBK9IOK. If the vapour bo in contact with its 
liquid, this pressure attains a certain value, whicU 
depends only upon the temperature, and is termed 
the Maximum Vapoub J’eessube, or SAnrBATioir 
PbsIsbubb, and the mpour is said to bo a Satubated 
VAJ 90UB. If the s;^ce containing the vaj^nt 
^ditnibi^ed, wme of the vapour will, in general, con- 
dense to a ll^nid, the pressnre remaining constant; 
wbUfl an Increase iu the' volume of this space is 



followed by.’«addHioBid,'«vap(iimtion. vMcb vVerifedlfee 
the ptessnte to its oH^lnal value, so long as any eC- 
,Hie liquid- mmdns;. the liqtdd liax npiimly" 

evaporated into the space, and the vedumefs in- 
. creased, the vapour behaves to- a great extent'lb A 
similar manner to a gas, <.e. the pressnre ftXm. 

- vapour is now said to be TJksatubatbd. The pirali*. 
sure may be increaied H the supqply of beat be; 
further continued; the vapour riMs m tempendMre^' 
and is said to bo SuPBBHHAxab. • ' 

So long as the space above a liquid is slot saturated, 
vapour is Oontlaually given oS, {.e. dqw HvAPOSk- 
TiOB occurs. If the liquid bo heated, the vapour 
pressure rises and evaporation becomes more rapid. 
When the temperatnre has been raised snfiicieQtly,. 
the vapour pressure becomes at length equal to the 
superincumbent pressure, and bubbles of vapour Ofte 
formed within the mass of the liquid itself. TiiesO' 
babbles rise to the surface and break, i.e. 
or Ebullition occurs. 

The quantity of heat necessary to change unit 
mass of a liquid at any temperature into v’apour at 
the same temperature is termed the LATENT HEAT 
OP Vaporisation. This quantity varies with tee 
temperature; for water, the value of the latent 
heat L, at a temperature 2^C., is given by £. H. 
Qriffitlis as 

L, * 596-73 - -GOl f. 

Vajfottr Presnure .—Tlic pressure of a vapour may 
be measured in various ways. (1) Some of ttm 
liquid is introduced into tee space above the 
mercury in a liaromefer tube and the consequent 
depression of the mercury is measured. (2) The 
boiling i>oint of the liquid is observed at a known 
temperature. 

Vajmir Dennily .—There are several methods by 
wlileh the density of a vapour may be determined 

(1) Dumas’ Methou consists in observing the mass 
of vapour which fills a bulb or globe of known 
volume at a known pressnre and temperature. 

(2) Victor Mkveb’8 Method consists in observing 
the amount of nlr displaced from a vessel by tho 
conversion into vapour of a small known quantity of 
the substance in a liquid form. The vessel is kept 
at a temperature above tho boiling point of tee 
liquid. (3) Hofmann’s (er Gay-Lussac’s) Method 
deponds upon the introduction of a known mass of 
tec liquid into the space above the mercury in a 
liarotneter tube, as in the first method described 
under Vapour Pressure above. 

Ifap^eno (Pumitfern). A seventeenth century 
Hpanish cabinet serving the purpose of a secretaire, 
the body being box shaped and the front binged at 
the bottom. 

Variable Stars (Antran.) Stars which appear of 
. different brightnesses or magnitudes at diffeieut 
times. Borne are periodic, others are not. Tho 
periodic are divided into regular and irregular 
variables. 

Variable Travel (Eng,). The travel, or distance 
moved through by a slide valve, can be altered at 
will in many forms of valve gear; e.g. with the 
ordinary link motion the travel oan be varied from 
nothing up to the full “ throw " of the ^centric 1^ 
altering the position of the link. See Liee: M-otSOE. 

Yarl^ated (TemtUe jUawnfm.") , Fan<^ yam 
composed of sev^l colours, and teebolonrs following 
in successive len^hs. May be ma^e dirtbe s|diinW 
fra^e or the twisting trube. 
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Tainiiih {Deo.') Yftrnish i 8 a employed for 

* 1 ' improving the appearance tuid dnrability Of aiEnrfaoe. 
On drying hard it nsually has a lustrous shining 
coat, which resists the action of the air and moistnre. 
Varishes are used in many tra<les, partionlarly by 
house and coooh painters. They may be divided 
into two classes, Bpisit Vahnishus and Oil 
Vabkisb£S. The former consist of a resin sneh ns 
slicdlac, dissolved in alcohol, and become hard by 
evaporation of the spirit; they are not suitable for 
exposure to the weather. Oil varnishee arc prepared 
from various gam resins, linseed oil, and turpentine. 
These are raised to a considerablo heat in order to 
cause the gums to dissolve. The turpentine (g.o.) 
is added in order to “thin'* the mixture and rendor 
it fit for application by a brush. The oil used in 
varnish making is almost invariably linseed oil ( 17 .v.), 
hnt of late Chinese tung or wood oil has been 
successfully employed to a limited extent. The 
quality of varnish when properly made depends 
principally upon the gum resins used. The chief 
of these are animi, amber, benzoin, copal, dammar, 
clemi, kauri, mastic resin, eandaracb, shellac, and 
thus (g.e.) 

MANtJP.<vcTl7KE. —The proces.s of making varnish, 
while comparatively simple, requires considerable 
I'ractical experience in order to vary the operations 
according to the gums that are dealt with. It maj' 
be briefly exphiined thus: The gum resin is first 
sorted, cleaned, and crushed, and is then placed in 
the varnish jwt or kettle, whicli fits in a circular hole 
in the floor of the melting chamber, under which is 
the fire jnt. In most modern factories the pots arc 
fitted with conical covers fixed to iron piptsa, which 
communicate with a condensing apparalits w^ere 
the fumes are got rid of. In the cover is a small 
bole through which a rod is placed, and this enables 
the operator to stir up the gum from time to time, 
and to ascertain when it is all melted. The tem¬ 
perature during tlic melting is from 500’to 050“ F. 
When the gum is all melted—and this can readily bo 
ascertained by an exix-'rlenced (vperator—tbe lul of 
the pot is raised by means of a chain provided for 
the purpose, the pot is lifted on to a carrier and 
wheeled to the varnish room, where boiling linseed 
oil previously prepared ismldcd to it, and the mixture 
is then cooked. The proportion of the oil and gum, 
as w'ell as the degree of lieat, vary con.siderab]y 
according to the grade of varni-sh that islieingmade. 
500° F. may bo taken a.s an average heat for ordinary 
varnishes of the best grade. Oeiierally the more oil 
that is added the longer will the Ixiiling take. It is 
seldom less than two hours, and may last for eight 
or ten. In the latter case a stout varnish will bo 
the result, and an increased quantity of turjientinc 
will be required to thin it to the right consrislency. 
To as'-xjrtain when the oil and melted gum have 
completely combined, the stirrer i i withdrawn from 
time to time and a drop of the varnish is allowed to 
fall on to glass, when it immediately cools and h.as 
a cloudy appearance if tha materials arc not fully 
incoiporated. The varnish being now made, the pot 
is withdrawn and allowed to cool, either in the open 
air or an open building prepared for the purpose. 
The turpentiuc is then added and stirred in. The 
* final process is to clarify the varnish. This is usually 
effected by simply storing it in tanks for a few 
months, and then pnmping it to other tanks for the 
purpose of giving it those peculiar qualities which 
come only from age, new vann’sh being almost in¬ 
variably most unsatisfactory. The best varnishes are 
often stored for several years, and it is impoB^t 


that an absolutely uniform temperature bo m'aintained 
the year rouBd, 

CoLOUB.—In some varnishes a very light colour 
is necessary, ns ibr example those which are 
intended for use over white work, maple, etc. In 
others colouring matter is added such as dragon’s 
blood, gambe^, annatto, turmeric, saffron, indigo, 
and oortoin of the aniline dyes. 

Gbades. —Varnishes are made in a great ■variety 
of grades for different purposes, and olthough many 
house painters sometimes mix different grades 
together, the practice is to be strongly deprecated. 
The following are the names o^some of the varnishes 
in common use : Hank carrl^e varnish, coating 
body, hard church oalf, finishing body, elastic 
carriage, pale copal, crystal, mastic, white hard, 
violin vai-nish, Brunswick black, Berlin black, etc. 
There is also a variety of varnish termed FLATTIlta 
Vaknish, which dries without gloss, and is used 
with good effect to form a contrast with an adjacent 
lustrous surface, ey. the stiles and raibs of a door 
may bo varni-shed in the ordinary manner, and the 
panels be flatted. 

Defects. —Many of the defects in newly varnished 
work may be attributed to conditions, changes in 
the temperature, or a humid atmosphere during ti e 
time the varnish is being applied. Thus a hall newly 
varnished will sometimes be found to be clouded 0:1 
one side due to the door being opened and a current 
of cold air being admitted whilst the varnishing was 
being proceeded with. A well vcntilate<l room, rather 
warm, kept at a uniform leuiijeratiire with freedom 
from dust' in the air, affords the bc.st conditions for 
successful varnishing.—A. 8 . J. 

Varnish ( Plwto.) A solution of rc.sinons substances 
applied to the film of a negative to protect it from 
contact with the free silver nitrate in silver printing, 
and to resist the action of air and moisture. 

VaKolar Bundle {Botany). Tlie term given, to 
the longitudinal strands of the stem, root, and leaf. 
A Ininclle consists of conducting ti.ssucs (soft bast 
and wood) and in some cases of a formative tissue, 
cambium, in addition. Cf. Cell. 

Vaae, A symraetneal hollow vessel, decorative in 
j character, generalJj high in proj;K)rtion to its width, 

I furnished with a foot, and either with or without 
I linndlc.s. Vases are generally made of some kind of 
I pottery, but sometimes of glass, metal, stone, or other 
material. Ancient Greek vases were used for tbo 
purposes of everyda)’ life, and the subject or vuitif 
of the decoration was often a domestic scene, so that 
the study of this form of art has shed much light on 
various phases of tbo life of ancient Greece. The 
following are the chief oluira(‘teristics of Greek vases 
dating from the seventh to the thinl century B.C.— 
(1) Early or Athenian Dipylon style: geometrical 
ornament and grotc.xqno figures. (2) Corinthian 
stylo ; Oriental in character and consisting of bands 
or zones of animals, real and fabulous, and fdliagc, 
with figured borders, painted generally in black or 
dull red, sometimes in violet. ( 8 ) Black figure style: 
the decoration is generally black, the figures being 
silhouettes drawn on the natunil ground; certain 
details sometimes added in other colours. (4) Red 
figure style: red figures on a black ground characterise 
the Periolcan age, the finest period of Greek art. The 
oldest surviving example of artistic vase is probably 
that numbered 22,659 in the 4th Egypt^ Boom ai 
the British Museum. It is inscribed with the name 
of Heren-B& (b.c. 32$3), One of the most famous 
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examplmjis tho Portland Taae, a glass cinerary nm 
found near notno, in the so-called tomb of Alexander 
Bevems, and now in the Gold Room at the British 
Mnseum, Scenes from the legend of Pelens and 
Thetis form the subject of the decoration, which is 
cnt in cameo. (See tinder Glass Manufactubb.) 
Among other famous examples may be mentioned a 
specimen of Chinese porcelain of the Ta Ming dynasty 
(A.D. 1426) in the Salting Collection, South Ken¬ 
sington; and “ El Jarro,” a winged vase of Hispano- 
Moresque origin, decorated with gold lustre 
arabesques, the ground being blue and white (in 
the Museum of the Alham'bia). See Ahphoba, 
OalPIS, CANTriARlT% Chatbb, Cymx, Ctathus, 
(ESOCHOis, OXYllAPHON, I’BOCHOOS, BTAMNOS, UEN, 
POTTBBY AXU POBCELAlxl 

YueliiM. A gelatinous, translucent, unctuous 
Dody derived from crude petroleum, and popularly 
known as petroleum jelly. It is prepared by sub¬ 
jecting a selected quality of crude petroleum to 
dry heat in iron vessels until tlie lighter portions arc 
driven off in vapour, and there remains tho heavier 
portion.s of oil in a highly concentrated state. After 
repeated liltcring through bone black, vaseline is 
obtained in the form of a solid jelly wliicli is odourless 
and of a white opal colour. It is perfectly neutral, 
and entirely free from taste. Three varieties arc on 
the market,knownresijcctivelyas “white,” “blonde,” 
and “red." White vaseline is used for internal 
administration, for external applications of a delicate 
nature, and other refined toilet purposes. It is also 
successfully emploj’ed as the vehicle for several 
caustic, disagreeable, and nauseating medicines sucli 
ns quinine, iodine, chloral, etc. Vaseline is the base 
of many toilet prepiirations and oplitliulmic pommies 
and salves, amt it i.s imjst useful to surgeons. The 
blonde variety is most generally met vvitli, and is 
used for all sorts of wounda, burns, bruises, etc. 
Ited vaseline is employed for ordinary piiarmaceutical 
oyitments, for veterinary piiiposcs, for preserving 
Icifther, etc. The word “va.scliuc” is the property 
of the Oliesebrough Manufacturing (Company, and in 
tliis country can only' be lawfully applied to their 
preparations. 

- (Cfiem.) A semi-solid mixture of liydro- 

carixiirs chiefly of the panrfllu series; melts at 85° 
to .'50°; insoluble in water, sparingly soluble in 
alcohol, readily solnblo in ether, benzene, chloroform. 
It is obbvined from crude ijctroloum by distilling 
the lower boiling portions first, then further dis¬ 
tilling under reduced pressure, heating by steam. 
The residue is then filtered through animal clia*'- 
coal; tire ftr.st jxirtions of the filtrate form the 
csoloui'less vaseline, tire later portions arc coloured 
yeilowisii brown vvitlr green fluorescence. Vaseline 
is employed as a lubricant, and iii medicine in the 
preparation of some ointments. 

Yat (Pajfer Mttnvfae.) The wooden tank con- 
tabling beaten pulp from which handmade sheets 
of paper arc prepared. 

Yatoa (Silk Manvfuc,') A sort of reed used by the 
tumer-on ia tho process of beaming, to place the 
warp in its due order on the cane roll. 

Yanlt (AreMtect.) (1) An arched ceiling or 
covering to a building or part of a building, usually 
constructed of brick or stone but sometimes of 
womL (2) A subterranean apartment, whether arched * 
or not. ^ Babbel Vault, Gboined Vault, Bib 
AND Panel Vault, and Pan Vault. 


Yeeton (P%yA) A vector is a qmuttlty trhibh bas 
direction as weli as magnitude, ed. IBsj^eement, - 
Velooity, Mechanical Foree, Eleetrlo and Magneticf^ 
Force, Electric Current. To specify any siash yeetor 
it is necessary to know (1) its numerical magnitude, 
size, or Tbnbob, as this is sometimes tem^, aad 
(2) its direction or Obt, ije. the angle which it midtea 
with some specified or arbitrary line. ITie ADDITiON 
OF Vectobb is not the simple addition of their 
numerical values; let a vessel oiil a distance repre¬ 
sented in magnitude and direcrion by AB, and from 
0 a distance represented by BC; these two lines 
represent displacements, which are vectors, and the 
sum of those vectors is the resultant displacement, 
which is AC. 

B 



A further example of the addition of vectors is given 
in the process of finding the resultant of a number of 
forces (xee UBAPBic Statics,^. 268), The theorems 
of the Pamllelogram of Forces, Polygon of Forces, 
etc., nio cases of the addition of vectors. Tho 
]Ml LTiPLicATioN OF V ECTOBS is of much importance. 
'Ihc KcAL'AB Pboduct of two vcctors is the product 
of their numerical values into the cosine of the angle 
between them. For example, if a force F act on a body 
wliich is displaced through a distance so at an anglo 9 
with the direction of the force, the work done is 
equal to the scalar product of the two vectors F and 
«, i.e. to Fs CoF0. This quantity has no direction, 
i.a. it is not a vector, but a scalar quantity. The 
VjjpTOii Pboduct of two vectors is a third vector at 
ri^t ang.ts to the plane containing Gie first two, pd 
its magnitude is equal to the product of tho numerical 
values of the first two, into tlie iitie of the anglo 
between them. The vector product is important in 
the theory of electricity, a.y. the force on a conductor 
carrying a current and placed in a magnetic field is a 
vector product. If the current be 6 absolute units, and 
the c(mductor carrying it bo placed in a field of 1000 
lines jjer square eentinietre, so that it makes an angle 
of 60° with the direction of the lines of force, the 
mechanical force on the conductor is 6 x 1000 x sin 
60° dynes per unit length. 

y Edges er Yee Edges (ATsy.) When one part of 
a machine has to slide or move in a straight line 
over another part, it is usual to provide tLc fixed 
part with projecting edges whose cross section is of 
the form of the letter V. The moving portion is 
then formed with slots or grooves of corresponding 
shape, which fit the fixed edges or strips. The bed 
of a lathe, or the slides of a slide re.st, are examples. 
In certain other cases the fixed V edges may be on 
the moving part, the grooves being then formed on 
the fixed portion. This is usually tie case in large 
planing machines. 

Y^etable Blaek (Pee.) A very light weight but 
intensely black pigment, consisting almost wholly of 
nre carbon. It is made at the same time as lamp 
lack (ff.c.), being selected from tlat part of the 
stove \riiioh is farthest away from the fnmase in 
which various refuse oils, etc., are burned. Vegetable 
bl^k is largely used in the nianufacture of tbe finest 
printers’ inks, black varnishes, and by decorators in 
their finest work. 

Yegeiable Ivory. See CoBOZO Nut. 
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Yeg«tftble OOi. See OiiS and LosmoAxm ’ 

¥i^«table Xatlew. A fat obtained from iho seeds 
of <he Chinese tallow tree (StiUingia tebi/eray. It is 
used to a limited extent in candle making, and Imn a 
speeifio gravity of 0*816, ai^ melts at 42—46® 0. 

Ye^etabld Wax. See CArNatBA Wax. 

Yelilde (Paint.) The medium ot liquid wdtli 
wliicdi pigments are mixed in order that they may 
be applied to a surface. See PAl'KTlKa and llttvm 
raiNTiKO. 

Yeil (Caet.) A piece of fAbric generally of light 
texture, worn over the face or head for protection or 
ornament; in the middle ages a circular or semi* 
circnlar headdress or part of a headdress, falling over 
the head and shoulders. 

Yeia (Geol.) A fissure in the Earth’s crust which 
has been filled with some rock or mineral of a dif-. 
ferent character and origin from the surrounding 
rock. In many cases veins are formed of igncoti.s 
rock, s.y. Granite. Cf. Mixkbal Vtaxs atid 
Mktaxj^ifxbous Veins. 

- (Stml.) The term applied to the ve.sacls con¬ 
voying blood towards the heart. The walls are thin 
and easily distended, and the blood pressure in the 
\eins is slow and variable. See Abteby and 


IlABMOaLOBIN. 

Yein Btnff (Mining). Oakgue (q.v.) 

Yelariam (Archeeol.) A coloured awning sup¬ 
ported by masts, to shelter the audience in a Koman 
Ibeatre, etc. 

Yelloped (Jfer.) Having the gills of a different 
tincture from the body, e.g. as a cock. 

Yeilmn (Mind.) A white and nearly transparent 
material, consisting of the membianous portion of 
calfs sldn. Similar but supenor to parchment, 
which is made from the skin of the sheep. Much 
used formerly in antique binding, and still used for 
expensive bindings, printings, etc. The term is also 
applied to materials manufactured from other 
suDStances. 


Yeloee; Yeloclta, Con (il/tMic). Bapbl. 
Yelooemente (Mveic). Rapidly. 


Yelocity of Sound (Phyt.) Newton calculated 
theoretically that the velocity of sound in n medium 
should be equal to the square root of the elasticity, 
divided by the square root of the density, or 



Taking the isothermal elasticity in the case of a gas, 
E •» P, this gives too low, a value to bo reconciled 
with the result of experiment. The explanation of 
this fact is that the adiabatic elasticity, E^yP, 
should be taken ; the correct equation is, tlieroforc, 


Cf. ELASiTicirv ov Gases. 


Yelum. Sac Velabium. 


Ynivet. A plain fabric with a fine pile or fur 
surface of silk, made from two warps. Three picks 
of weft having bound both warps by twill or .tabby 
tie, the pole or pile waip is alone raised, and a 
grooved wire placed under it transversely, groove 


upwards. Tlie weavingis prooeeded >iwith until thfebe 
wires altogether are In the cloth, wlaeo the find; wim 
is cat out by means of a sharp instrument, oaRed. a 
tnivat, being drawn along the groove of the tsbe. 
This operation produces tlie pile. See WiBX. 

YelYeteen (Cotim MawnfaeJ) A heavy backed 
fabric woven in the grey state and afterwards dyed. 
It has a surface composed of small "wedt fl^s 
arranged in regular order. These floats ore afi^- 
wards cot so as to form a furry and silky |dle,'.lise 
velvet in appearance. 

Velvet Finish (Woollen Manifao,) Velvet or 
vcrlical pile obtained by the process, of raising on 
woollen fabrics, such as rugs. See PILE. 

Vena Contrimta {£«&.) A stream of liquid issuing 
from an opening has in general a diameter smaller 
than that of the opening. Buch a jet or stream is 
termed a Vena Coutractn. The amount of oontrao- 
lion depends upon the average angle at which the 
particles of the liquid aro approaching the opening. 

Venation (Botany). Tlie system of branching 
and arrangement of tho veins or vascular bimdles 
(^.r.) in leaves. 

Veneer. A thin layer of some valuable material, 
w(»od, ivorj’, mother-of-pearl, stone, etc., which is 
fixed to a commoner surface fur tVte sake of effect. 
Veneers of wood are cut from tho log by means of 
long knives or saws, the log being in some instances 
rotated in contac t with tlie cutting edge, and are 
afterwards planed, shaped,and polished by machinery. 

Yeneer Ghtter. See Vknebb. 

Veneering Hammer (Cabinet Mahing), A tool 
with a wide, f Ida j ane, used for pressing out siiper- 
llnotts glue from beneath the veneer when it is being 
Oxod in jiosition. 

Venetian (HWic'n or Worsted Manvfae.) A fine 
twilled cloth, usually twist waj'p, and made chiefly 
lor covert coatings. * 

Venetian Blind. A blind made of laths of wood 
sTip.orted transversely by two or niorc tape ladders, 
and so arranged that when tlie blind is full open the 
latlxs lie in a horizontal plane and Hie scries of 
openings admit light. Ry adjusting a cord, the 
laths can be turned at a^ angle so as to overlap 
each other and cxcludo light. 

Venetian Glass. Tliis is inferior to English gloss 
in purity and lu.stre, but is cafiablo of being made 
into lighter lorins, for which it is noted. See under 
Glass Mangfactdbe. 

Venetian Bed (Dec.) A pale red pigment larj^ly 
used in house and coach painting, and resembling 
ochre or ferric oxide in composition according to the 
method adopted in its manufacture. Formerly the 
term Venetian Red was applied lo a natural oxide of 
iron selected for its peculiar colour and being kss 
purplish than Indian red, It is now almost wholly 
manufactured by calcining cither green vitriol w 
ochre. 

Venetian Shntter. A frame filled in with louvers 

(q.V.) 

Venetian Swell (Music). The name given to the 
steell in organs. The shutters of the swell box itre 
generally li ung horizontally, and shut by theis weight'; 
when hung vertically they have a sparing to Shut item. 
Many organs have a balanced swell whiq|a enables 
the organist to leave the shatters at any Angle. See 
MUSICAb IKSTBVJCENYS, p. 440. 
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Y«iMtlBa ViadoiF (BnUdi) The tiame given to a 
vrindow frame divided into three lights by nraUioas. 

- Vanteh TiiqpinllDe {Dei.) An oleoresin olcMned. 
from the common Laron, and need in varnish making. 
It is of a yenowisb oolonr, is thick like honey, and 
is Bolsble in both essential and fixed oils, as well aa 
in ether and. alcohol. It melts at 809° k'., and has a 
^leeifio gravity of 0-856. See aim TuBPBNTXNSh 

' Ymiee Vhita (2Mc.) A white pigitmnt made by 
mixing together equal parts of bmnm sulphate 
(barytes) and white lead. 

' Yeat {fimndry). A narrow passage made by 
thmstiog a wire lnto*tfae sand of a mould to allow 
of the escape of gases while molten metal is being 
poured in. In certain cases where these openings 
are insafilcient, actual pipes, termed Veht l‘iP£a, 
arc inserted. 

- See Vent, Volcanic. 

YentU {MuHe). (1) A valve letting in or catting 
off wind from certain stops in organs. (2) A valve 
whiob when opened allows the wind to traverse a 
greater length of tube of brass instruments. See 
Valve Hobn,!/. 435 ; Valve Tbumpet, etc. 

Yentilatiag Fan. A fan nse<l cither for forcing 
fresh air into a space, or for extracting foul air. See 
also Sanitation. 

Ventilation. See Sanitation (p. €36), Aspiba- 
TION, and CUBIC SPACE. 

Ventilation of Sewers ( Chil Ihig.") This is best 
effected liy vertical shafts of siiiBclent height above 
the ground to carry the noxious gases away from the 
traffic, and as far as possible away from houses; 
oi-dinary manholes and openings at the ground level 
arc objectionable. 

Ventilation of Tunnels {Ciril Eng.) A long 
tunnel is most easily ventilated by means of shafts. 
In cases where the tunnel lies at a great depth 
(e)§. where it passes under a hill) shafts become 
impossible, and large fans may tie used, as is the 
case in the Severn, Mersey, and Himplon Tunnels. 

Ventilator. A specially constructed air passage 
ill a building; a shaft in a mine, etc. For examines 
refer to ABSOTT’s Valve, Sanitation (p 630), 
and Mining. ,, 

Venting (Foundry). The formation of Vents 
by thrusting a wire or thin rod, termed a Vent 
AVibe, into the sand of a mould. See Vent. 

Vent Plpea (Foundry). See Vent. 

Vent, Voleanlo (Geol) The opening or fissure 
through which volcanic products are ejected. The 
l-ava, etc., wliich filled the vent may remain as a 
solid core after every other trace of the original 
volcano has liecn removed by denudation, and ancient 
vents accordingly form very characteristic geo¬ 
graphical and geological featureA 

l^t W4pe (Fmndry). See Venting. 

Venn* (Asiron.) The planet between the Earth 
and Mercury. Distance from Sun, 67,200,000 miles. 
Diameter, 7,700 miles. Periodic time, 0'62 years 
VeratpiiM (Botany) An alkaloid used medicinally; 
chtmaeil from Veratruta (a genus of Idliaerm), 
and from, another liliaceous plant, the CeeadiUa 
(Sekaenoeaulofi o^ffieiHaU). 

Y«rde latleo. A green coating formed on the 
.snPfisM of ancient bronses by the action of the. 
elements. See Patina 


Vei*fiifito"<£%sM.) - b usuidly a- 
basic ecf»>ec acetal i blue aeidigrfs 'fir tmMy- 
CuO. CnCCgHiO.),. 611^, while light blae^nd 
products contam Ca(CtHt€]^)^Ono:^R/>. 'Tjh^aate 
used as paints in the prepamtion of other oempedr'^ 
containii^ paints, and to a small extent tn medmwfi 
(externally). Veidigxis is made in England 
exiting {^tes of copper to the action of olot^ 
which have'been soaked in pytoiigneems add; thd’ 
plates are then exposed to air, dipped In wator, again 
exposed, and the jprodnet scraped off, the pf^aMl' 
being repeated till the coppet* is up. ' Th» 

process requires several weeks. , ' 

Yerditer (Paint.) A pale green p^ent dmsisting- 
of basic carbonate of copper. It is now but Itttli', 
used. Blue verditcr is also made, and oohdsts 
generally of copper carbonate, copper oxide, and 
copper sulphate. Being somewhat fugitive it is not 
piuob used. 

Verdure (Art.) The term is applied to tapes'tiy 
in which the design consists wholly or principuly 
trees or foliage. 

Verge (Areheeol., etc.) A rod, staff, or mace; 
used as an emblem of authority or as an ensign of 
office. 

- vr Pallet Arbor (Clocks). The arbor, or. 

spindle, to which the pallets are fixed. This arbor 
also carries the crutch, by means of whidi the 
impulse communicated to the pallets is transmitted 
to tho pendulum. 

Verge Board (Build.) See Barge Boabi>. 

Yermiculate (AreMteet., etc.) Adorned with 
tracery Laving the character of the tracks made by 
wojms. 

Vermiform Appendix (Zool.) See Cjqcuu. 

Vermilion (.Paint.) A bright red heavy pigment 
made by heating sulphur and mercury. Its chemical 
name is mercuric sulphide. It was formerly used 
very largely in painting when a bright scarlet red wOs 
required, but it is now being gradually snitplanted by 
tho vermilionettos (q.v ) Vermilion hasa good body, 
but is not quite permanent to light. A protc<riive 
coat of varnish is therefore necessary when it is 
used for outside painting. The maunfactnre of 
vermilion in this country is a secret process which 
is very jealously guarded. Vennilion cannot be 
mixed with while lead because of the sulphur it 
contains. See also Mebcuby Compounim. 

VeTmilioneite (Paint.) A s imewhat vaguC term, 
which is applied generally to a group of red pigments, 
mostly made from eosine, which arc intended to be 
used as substitutes for vermilion. Vermilionettes 
are sold under a variety of names such as signal red, 
Markeaton red, fast re^ ix>st office red, etc. When 
protected by varnish the best vermilionettes remain 
almost permanent. Many of them, iiowevcr, possess 
the disadvantage that they “bleed,” i.e. come 
through any subsequent ooat of paint which zoay 
be applied over them. 

Yeni&l Eqaiaox (Astren.) See Equinoxes. 

Vciraier. A device to facilitate the aoenyste 
reading of a divided scale. It consists of a ssibII 
movable scale, which is graduated ih^udi a frinmer 
that a + 1 or n — 1 of .its diviaons are equal inlength 
to n divisions of the original scale. Ehm dlvmon of 
the vmmier is tber^t^ less (in the first case) or ipore 

(in the second aaa6> thana scale dlvisiou, by ~ of the 

ft ‘ 

length Ota scale diidiriiOiL In the ^gure, nine divisions 


vmi 


820 


rm 


of the scale A arc cqnal to ten divisions of tbo veirnier 

B. The aero lino of tho vemier is brought into such 
a position that it coin¬ 
cides with the point 
whose position is to be'”*' 
measured on the scale 
A; in tho figure this 
point, which is marked 

C, lies between 6*1 mnd 
6'2 on the scale. The 
graduation line 8 of tho 
vernier coincides with 
the lino 6*9 on the 
scale : it can bo seen by 
inspection that the zero 
line of the vernier is *8 
of a BCide divbion above 
the line C‘l on the scale: 
hence tho reading re¬ 
quired is S*18. In nsing 
this vernier the position 
of its zero line is first 
read to the nearest 
whole division on the 
scale, and the lino on 
the vernier which coin¬ 
cides with a line on tho 

scale indicates the next decimal place. By thi.s 
means a scale divided into tenths of the major scale 
division can be read witli accuracy to hundredths. 
The smallest length which can be read oil on the 
vernier is termed its I.east Cousti; if » divisions of 
the vernier arc equal in length to n + 1 or a — 1 

divisions of the scale, the least count is i-of a scale 

» 

division, since this is the actual difference bttw^n 
one scale division and one vernier division. 

Venefaiebung, Mit (Mtitii-). The equivalent in 
German for u/ia corda ; ohiie verseJtichmg being the 
equivalent for tre vorde, 

Yerae (^Afttsio). Those portions of a service or 
anthem which arc to be sung by one performer to 
each part. The other portions,'except solos, are 
called the “full.” 



Yened Sine. See Tekjoxometbical Ratios. 

Yenin. Versed Sixe; tee Teioonometkical 
Ratios. 

Yerao (PritU, eto.) (1) The left-hand page; cf. 
Recto. (2) The reverse of a coin or medal; e/. 
Obvebse. 

Yert. Tho heraldic tincture green. Represented 
by diagonal lines drawn from dexter chief to sinister 
base of the shield. See Hebaldby. 

Yeptebnata iZooleffy). A division of the animal 
kingdom, characterised by having a backbone or 
vertebral column. 

Yartioal. Upright, In the direction along which 
gravity acts, or normal to the surface of a liquid 
at rest. A. vertical line is easily found in practice 
by means of a fi.ne coi-d carrying a weight, a 
ptnmb bob. The term vertical is often erroneously 
used instead of perpendicular or normal (y.e.) 

Yei41eal Boiler (^ag.) See Boilebs. 

^ Yer^al Circle {Aslron,.') A great circle passing 
tmougfa the zenith and nadir of the celestial sphere. 
See i*BiMB Vertical. 

Ywtie^ Engine Any engine whose 

teylinder is vertical. See Steam Exuixe. 


Yerttonl Beetfom The section (g.v.) of ^ object 
by a vertical plane. 

Yesica PIsoIi (ArMtfmf.) The nune jg^ven to a 
figure obtained by the intersection of two circles. 
It is used in window tracery and other features in 
Gothic architecture. 

- (Art). A figure of pointed oval form, used 

as a s^bol of Christ. An aureola used in repre¬ 
sentations of the Trinity or of the Vir^n is generally 
of this form. iSre Aitbeola aad GtOBT. 

Yeslenlar Btroetnre (Geol.) A cellular structore 
found in lavas, slags, etc., in which a number of 
spherical cavities have been ponced by steam or 
other gases before the consolidation of the rock. 

Yestry. See SAcmsTY. 

YesuTianite. (Mn.) See Idocbase. 

Yeoglaire (Arms). A sixteenth century breech- 
1 wading cannon, having a detachable' powder 
chamber. 

YexiUma (Archieel.) A battle signal or fiag, either 
fixed or carried by a vexillary (standard bearer). 

— (Her.) A scarf, encircling a pastoral staff. 

Viaduct (Civil Eng.) A bridge consisting of a 
series of arches of masonry or other material, or 
some other form of structure, intended for carrying 
a ra'idway or railway (1) over a valley, etc.; (2) over 
some existing channel of communication. 

Via Eaetea (Attron.) See liliLKr AVat. 

Ylameter (Surveying). A wheel with an 
arrangement for recording the distance passed over 
when it i.s rolle<i along the ground. 

Yibrante (Music). Tremulous. 

Vibration (Eng.) In engineering this term is 
U.<.ually applied to an intermittent or im-guhir 
motion, which is generally of sin undesirable 
character, and is rarely used to describe auy Tcgol&r 
motion of the true character ot vibrations. 

- (Phyt.) A perio«.iic movement of small 

extent which may take a great variety of forms, 
not confined to ot.e plane. 

Vibrator Roller (/’ciaf.) Used in connection with 
printing machines. See I'eI'OObaphy. 

Vibrio (Biol.) Bacteria in tho form of threads, 
with bent joints. 

Yiear Choral (Mutie). A lay vicar of a cathedral 
choir. 

Vice (Eng.) The tool used for holding the smaller 
pieces of work while being operated upon ; it consists 
of a pair of jaws which can be caused to approsich, or 
recede from, each other by a powerful screw or other 
device. There are very many foms and sizes. 

Yloo Bench (Eng.) A strong bench to wliicb a 
vice can be attaohed. 

Yioia (Botany). A genus of Leguminosa repre¬ 
sented by the vetch, the taro, broad bean, etc. 

Victoria Green (Dec.) Another name for BBtrKS- 
WICK Gbeex (jr.r.) Si-e alto Dyes akd Dveimo. 

Victoria Red (Bee.) A vermilionette (q.v.) 

Vienna Lake (Bee.) Another name for CBinugiK 
Lake (q.v.) 

View (Art). A picture or sketch re^esenting a 
landscape or seascape. See alto Pbivate View. 
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TitW Flndar (PAato"). An iastnmieBt eBsployed 
with liBtid cataeraa to ebow when the image wul fall 
in tibe desired position on the ssnsitivo plate. 

Ytev llatov (^Phato). An instrument used for 
ascertaining the amount of subject inchided on a 
given size ^ate with the lens employed, without the 
necessity of-setting up the camera. 

Tlfnette. (i) In old manuscripts, an initial letter 
decorated with leaves and tendrils. (2) A head or 
tall piece in a book. (3) A drawing, photograph, or 
other illustration having a backgronnd that gradually 
shades off and morge,^ into the ground on which the 
print is made. 

Yidiiettin^ (Photo). A method of printing in 
whichtherels a gradual softening or shading off of 
the photograph towards the edges. This is effected 
by some form of mask or screen. 

Ylgaoles Kail ( (Mvil Etig.) /keTUihvrArs,p 2 >. 697-8. 

Vitfojne Tam (Woollen Manv/ac.) Yarn com¬ 
posed of a mixture of cotton and wool. 

Tigore, Con (JUtttic). With vigour. 

Tigorosamente (Mvsic), Vigorously. 

Yilll (Znol.). Minute finger-like projections from 
the wall of the ileum. They project into the cavity 
of Die iutc.stinc, and absorb the nutriment from the 
chyme. 

Yinasse (Chem.) See Thimethylaminb. 

Vine (Botany). The numerous products of the 
gra]>e vine, Vifie rinifora (order, VUacetr), are well 
known. The dried fruits form raisins, and the small 
B.icdlcss berries of the black Corinth grape constitute 
currants. 

Tinegar (Chem.) An impure dilute acetic acid. 
The amount of acetic acid \aries from 4 to 15 per 
cent, llesidcs water and acetic acid other substances 
a^fr present, and the nature of these dcjiends on the 
method of nianufacture and adulteration. Wine 
vinegar is macle by allowing inferior wine to ferment 
in casks with good air access and at a proper tem¬ 
perature. This vinegar is iiale yellow to red in 
colour, and contains a littlts alcohol, ethyl acetate, 
and other esters to which its aroma is due, and 
dissolved solids such as alkaline acetates, tartrates, 
and phosphates. Malt vinegar is made by allowing 
a wort such as is prepared in the manufacture of 
alcohol (j.w.), with some added alcoliol, to drip over 
deal sl^vings covered with a growth of the myco- 
derma aceti (the organism which oxidises alcohol 
to acetic acid) and contained in a large oak tab; 
the supply of dilute alcohol must be regulated, a 
suitable supply of air provided for, and a proper 
temperature maintained. In starting such a process 
the shavings must have been coated with the organism 
first by allowing vinegar to stand in the tubs some 
days. A stronger vinegar is made by running the 
pr(ftuct withr added alcohol Hirough a second tub; 
but an acid over 16 per cent, cannot be prepay in 
this way, for the oi^anism ceases to be effective in 
an excess of acetic acid. Such vinegar is nsually 
ooloured by caramel. Occasionally it is adulterated 
with « mineral acid, but this is illegal; it may 
contain traces of arsenic if the malt used in its 
preparation contained arsenic (from the fuel of the 
jnalt-kiln). An inferior vinegar is made from 
pvroligncoiia acid (j-v.). Vinegar is used to some 
extent in medicine, <J.y. for sprains, and in fevers 
(lowers the temperature and checks perspiration). 


Ylnyl (JChoM.} A name givcQ to the I)' i 
CH, . CH .. 

thus vinyl bromide is || . > and vipylfliidBe ie 

CH, CHBr 

II . Vinyl alcohol is not known, as it i^e^goflft 
CHNH, 

rearrangement to Aldehyde 

CH, CH, 

" ka 

Tlel da Braoela; Ytel d’lmore; Yiol da Oamba 

(Mntie). iSke MUSICAL lNSTB;UMimT8,jf;. 427. 

Yiola (Miulo). See Musical Ikstbuubnxs, 

p. 427. 

Yiolet { Colmn). Most of the violet colours now 
used are made from the anilines which are precipi¬ 
tated on a white base. None of them are quite 
permanent. 

YioUn (Mutic). See Musical IirsTSUMEKTS, 
2f. 427 . 

Yiolin Diapason (Mueic), A metal organ stop of 
small scale and stringy tone. 

Yiolino Principale (Music), The leader of the 
orchestra. 

Yiolino Ripieno (Musie). Violin parts required for 
filling in or strengthening the tuiti. 

Yiolle (Light). A unit of intensity of light. It is 
equal to the intensity of illumination emitted (in a 
pcapondl'-ular direction) by one square oentiinetro of 
platinum at the temperature at which it melts. 

Yioloncelio (Music). A metal organ stop in the. 
pedal organ of 8 ft. tone. It is the octave of the 
violoue. See also Musical Insteuaiekts, p. 427. 

Yiolone (Music). A metel organ stop in the pedal 
organ of 1G ft. tone. It is an open Diapason or 
(Jamba of small scale. 

Yirginal (Music). The name applied in England 
during the sixteenth and seventeenth centuries to 
all kinds of musical keyed-instrumenls played by 
quills or jacks, but more especially to those of the 
Elizabethan period ; e.g. the spinet, harpsichord, etc. 

Yivtn, Yertu (Art). This terms refers generally 
to decorative objects that are either old, rare, or 
carious; objects of virtu. 

Tirtual Current (Elect.) The effective value of an. 
alternating current depends not upon its average 
value, but is equal to the square root of the average 
value of the square of the current. Thus if Co he 
the maximum value of a current following a sine 
law, C the value ^t any instant f, G « Co sin e, ftud 
the virtual value, C, is given by the equation 



Yirtnal Image (Phys.) If rays divergli^ flrdm a 
point A behave after reflection or sefractioif as if 
they diverged from a second pqint B, then B is % 
Virtual Image of A. -s.' ' 

Yirtnal Toltage (Elect. Eng.) The square root of 
the mean value of the square of the voltage of ftn 
alternating current. If the B.M.V. vary according to 
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a «ine ]anr, and Yt, bs tiie maximum Toltafe, .V ibie 
virtual voltaj|a> tbcn 



VlBTUAIi CCTBHENT. 

VirtneMi; pi. Tirtnoal One who has a 

critical knowledge of the fine arts» or of some branch 
of the fine arts; an art critic. C^. CONHOiflSBVB. 

YUeoae. A. soluble form of cellulose obtained by 
treating the cellulose with alkali and bisulphide of 
carbon. &-e CHLtutosK and Wood Pulp. 

inacoaimeter or Yiioometer. See ViaoostTY. 

Yiscority. The property possessed by a liquid of 
resisting deformation. The fact that liquids do resist 
attempts to alter their shape becomes notioeable when 
n liquid is transferred from one vessel to another 
through a tube; it miut then temporarily assume the 
form of the interior of that tube. In many cases tho 
resistance of a liquid (take castor oil as an excellent 
example) to deformation can be observed by simply 
tilting a wide bottle containing some of it. The 
liquid assumes the new form thereby given to it 
sluggishly and reluctantly. This resistance is called 
viscosity. Being often associated with weight and 
stickiness, it is confounded with these properties, 
especially with the latter, although it has nothing 
to do with either of them. The words “viscous” 
and “visco-sity ” nevertheless are derived from 
ritniim, the Latin word for birdlime. The opposite 
tf viscosity is mobility. Wo speak of water or 
alcohol as mobile liquids, of castor oil or fuagd 
butter as viscous liquids; but the difference is one 
of degree only, and there are liquids so viscous 
and solids so plastic that we see what thin parti¬ 
tions divide the solid from tho liquid, and that 
the distinction between the two is arbitrary, and 
one of convenience merely, A mobile liquid may 
be defined as one which I'esisis change of form so 
little that the human eye cannot notice the resist* 
ance. The practical significance of viscosity is ver}' 
great in respect of lubricants, all of which possess a 
perceptible degree of viscosity. Tbo usual standard of 
measurement is rape oil. The vi.scosity is measured 
by the time which the known volume of the liquid 
takes at a given temperature to flow through an 
aperture of known form and dimensions under a 
known mean pressure. The instrument used for com- 
imring viscosities is called a Viscosimbtuk (or, by 
a shortened form, Viscombteb). Bedwoo<r8 visco>> 
meter, which is .a good type, consists of a silvered 
copper cylinder about 2 i.*!. in diameter and about 
4 in. dee^ to receive the liquid to he tested, 'i’he 
liquid flows out at. the bottom through>o agate jet, 
which is opened by raising n valve by means of a 
vcrtimil spindla. The support of this sjnudle also 
carries a thermometer to ascertain the temperature 
of the liquid under examination. The cylinder is 
immersed in a jacket, whereliy it is maintain, d at 
a constant temperature. Inside the cylinder there 
is a mark, so that the liquid can always be filled to 
exactly the samo depth. The whole instrument is 
mounted on a tripod with levelling screws, so that 
the axis of the cylinder may be made tnily vertical. 
This is essential to the proper outflow from the jet. 
A 1 ^ o.cim flask is put bdow the jet, and the exact 
thne required to fill it to the mark is accurately noted. 
The foUowiogaxe a few illustrative examples of the 
time'taken: 


MiTater 
Coooanut oil 
Linseed oil 
Walnut oil. 

Safflower . 

Poppy seed oil 
Earth nut oil 
Garden cress oil 
Badish seed oil. 

Yisoouniau (Bvild.) A roofing slate measuring 
18 by 10 in. See Blatbs. ^ j 

Visible Horlson. The irregular line where .the 
sky appears to meet the most distant visible objects 
on the earth’s surface. See also OBFIKU. 

Visor (.drm.) The front part of a helmet contain* 
iug the openings for seeing and breathing. The 
visor was sometimes movable and sometimes other* 
wise. 

Vitreous Copper Ore (Jfin.) See Coppeb Glakob. 

Vitreous Electricity. Electricity of tho same 
sign 08 that obtained by robbing glass with silk; 
positive electricity. 

Vitreous Rooks iOeal.) Emptive rocks having 
a glassy structure and appearance, r.y. Obsidiab 
( y.r.) 

Vitriol, Blue {Min.') See ChalcakthitC. 

Vitriol Chamber {Chem. Fng.) The “chamber” 
used in Bulphuric Acid Manufacture {q.r.) 

Vitriol, Green {Min.) See Coppebas. 

Vitriols ( C/tem.) Crystallisecl sulphates of copjTer, 
iron, Einc. Bee under comf>ounds of these met^s. 
Oil. of vitriol is sulphuric acid (.ij.e.) 

Vitim {lintany). The oil ducts found on t^e 
fruits of Umheliifurous plants. 

Virace, Vivo {Music). IdvtJy, 

Vlvianlie (Min.) A hydrous ferrous phosphate, 
Fe]r^O„.(-8UJI. Contains ferrous oxide 41*2, pbos* 
phorio acid HI *2, water 27'5 per cent. Monosym* 
metric, in sheaves of diverging crystals, green to 
indigo blue. In assodatiou witli other irou ores in 
the mines of Devon and Cornwall, ami in many 
foreign localities. Also in peat hogs, olddiuin x^ipes, 
and some clays. 

Vizor. See Vison. 

V Joint {Carp, and Join.) A joint between two 
boards, of which the eilges to be joined together are 
chamfered. 

Voealisation (Music). See Solpegoio. 

Vocal Score (MuHe). See Boobe, p, C47. 

Voce dl Petto (Music). The chest voice. 

Voee di Testa (Music). The head voice. 

Voloe (Music). A’’oice8 are of seven kinds, uis. 
bass (the lowest), bmitone, tenor, altO‘ or countm* 
tenor—these four are men’s voices—contralto, mestp* 
soprano, and soprano (the highest)—these three are 
wommt’s voices. Boys’ voices are generally called 
treble. See also 8 tavb,p. 710. 

^tMaiiMusix). The art of obtaining il particular 
quality of tone in an organ pipe and of procuring 
uniform strength and qaality throt^hout the onthto 
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fa one of<tfce most dellqa1s&^«iid ttrtfaftte 
pm^-tkf tbettawgan tmUdw’s art/astd-it^ is seldom, if 
evet, that a “ voicer" is good at both “fine*' and 
“TOoa" roidog. 

■^OW iBuUd.) An opening or. empty spao^ e.g. th6 
opening spanned by a beam, arch, rafter, etc. 

Volx Celeste (Mmie). A stop on oigans and har> 
moniums prodneing a tone of a waring ebaraoter. 
Seepp. 4"4i and d43. 

ToUate {MuHo). Flying. 

Volatile Alkali (C^n.) An old name for Am* 
MONiA (^.c.) • 

Volcanic Ash iGeol.) Dost, scorim, and cindcr- 
like fragments ejected from a volcano; this material 
may become conKolidatecl in various ways into a more 
or less coherent rock, generally termed a Tvrv. 

Volcanic Rocks iOeol.) A general term fur Lata, 
Tctf, etc. ig.v.) 

Volcano {Geol.) A volcano is essentially an 
opening in the crust of the earth, from which arc 
ejected lava, frag¬ 
ments of rock, clast, 
steam, and some¬ 
times other gases. 

The accumulatinn 
of the solid mate¬ 
rials round the 
mouth of Ibo open¬ 
ing, or Cbateb, 
gives rise in most 
cases to a more or 
less permanent 
cone, which is often spoken of as the volcano itself. 
The lower part of the opening, or vent, extends 
downward for an unknown distance, and linally 
commuuieates with a region of molum or intensely 
lifted materials. No smoko, in the proper sense, 
is ^ured out from a volcano, tho dense clouds of 
steam, heavily charged with dust, simulating the 
appearance of smoke; and the rclieorinn of tho 
glowing lava of the crater often adds the appear¬ 
ance of flame and fire, though neither of the hitter 
ooeurs. It follows therefore that the old definition a 
“ burning mountain ” is incorrect. The majority of 
active volcanoes are found in lines following the sea 
coast, e.g. on the western shores of the American 
continent, or the north-eastern shores of the Indian 
Ocean. Tiie illustration shows a more or less dla- 
grammaiio section through the extinct volcanic 
remains of Largo Law in Bcotland. 

Volonte, a (^Mndo). At will or pleasure; the 
equivalent of libituM. 

Volt {Elect.) The unit of electromotive force 
employed in practice. It is that electromotive force 
which when applied to a conductor whose resis¬ 
tant is 1 Ohm (|'.«.) produces in it a current of 
1 Atnpfere (^.o.) The B.M.F.’8 of most of the or¬ 
dinary primary colls lio between 1 and 2 volts. 

Vidta {Music). Time. Prima voUa, first time {tee 
Prima) ; seconia voHa, second time {see Becokdo). 

Voltage {Elect. Eng.) Totential differenoe, 
usually expressed in Volts. 

V^taic {Elect.) An old term applied to electric 
phetbmena produced by the current obtained from 
miteries. 

Vdtaie Cell {Elect,) See Celes, Pbimart. 
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A. Original Bocks (Oti-banUerous). 
U. Tuttk. 

C. Ba«u1t filling tbe vcnti. 
i). lava Sheet. 


'Vettaaaetev <'iSVe«b>« , 

^rldch eheieioal deom^wsitim ia 'eSaeied 
passuge of eu eleotrio unrrent; if'the-4knouist» of 
such decompositloQ be.meamu'^'ay. tM volodtooC 
a (ga giyen off, ofithe weight of a metail deposited 
on the Kathode, the quantity of idectriini? Wkieh 
has passed through the cell oaa readily be caieulated. 

Volti {Mvsie). Tom; as velti euiite, turu qaibkly. 

Voitmeter {Elect.) An Instrament for the ditoct 
measurement of voltage or potential differeuoe. -^e 
main types of voltmeter are as follows; • ’ 

(1) Magnetic Foltmstor-s,—These ai« ia principle 
high resistance galvauomctmrs, constructed either 
with a fixed Coil and moving magnet^ m preferably 
with a fixed magnet and moving coil., lue niovlng 
part is provided with a pointer moving over a stialo 
graduated in volts, by which the potentifd difim^nco 
between the two points to which tbe terminals qf the 
instrument are connected, may bo read off. As the 
direction of the deflection depends upon the direo- 
tion of the current, these types are only suitable for 
continuous currents. 

(2) Hat Wire Voltmeters. —la these the expansion 
of a thin wire of high resistance, when heated by 
the passage of a current, is caused to move a 
pointer.* Cardow’s Voltmeter is one of the beat 
known forms. Buch instruments are equally suitable 
for alternating or fur continuous currents. 

(3) Elcotrostatio Voltmeters .—These depend on 
the principle of the Electrometer {q.c.), which itself 
forms a voltmeter applicable to many purposes. 
In commercial instruments, the moving needle is 
attached to a light pointer, as in the oases above 
mentioned. AVhere groat sensitiveness is required, 
a flumbei of needles or vanes are mounted upon 
one shaft, and a corresponding number of fixed vanes 
or quadrants are arranged so as to produce simul¬ 
taneously an attraction on the moving vanes. Yoll- 
meters of this type possess many advantages over 
the two former kinds and are much used in alternate 
current work. 

Volumetric AnalyBis {Chem.) Suppose we have 
two substances A and B which react in solution in 
exact accortlance with a known equation. Then, if 
tbe end of the reaction can be easily determined by 
inspection or by tbe addition of a small amount of 
an indicator {q.v.), knowing the strength of the 
solution of A, the strength of the solution of £ can 
be determined by finding what volume of the soiation 
i.f A, must be added to a known volume of the solution 
of B in order to obtain a soiation which contains 
excess of neither A nor B. An operation of this kind 
is a volumetric analysis. It will be seen that a re¬ 
action to bo employed in volumetric analysis must 
be rapid and complete, that a balance and measuring 
instruments are required, that in those cases where 
the end of the reaction cannot be told by inspection 
an indicator is required, and that one of the solutions 
employed in any particular operation mast be of 
known strength. Borne of the typical reaotions 
employed will be given further on. The measuriog 
vessels commonly in use are: 

(1) Flasks. —These are pear-shaped or round, and 
have rather long necks; they should have well-fitting 
glass stoppers. On tho neck there Is a rircala>r file 
mark, so that when the flask is filled up to the mturk 
it will contain the volume marked tm tlie veseel at 
the temperature marlmd on the vessel. Bometimes 
there are two marlte on the nock of a flask; in this 
case tbe lower mask means that when the flask is 
filled up to this it contains tbs volume marked on 
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the flask, while the upper mark means that when the 
flask is filled up to tills it will deliver, when it is 
emptied, the volume marked on the flask‘»tbe volume 
of uquid between the two marks is the amount of 
liquid t^t remains adhering to the walls of the 
vessel when it is emptied. The necks of the smaller 
flasks arc narrow, so that the surface of the liquid in 
the n<K‘k is markedly curved, therefore in filling the 
flask up to the mark it is done so that the tangent 
plane in the lowest point of the curve lies in the 
plane of the circular file mark on the neck. Obviously 
the final adjustment of the liquid to the mark must 
be made with the file mark held on a level with the 
eye of the experimenter. These rematks as to the 
curved surface and reading apply equally to burettes 
and pipettes; also tho neck of a flask, a burette, and 
a pipette can only be read accurately when vertical. 
Oonvouieut sizes for flasks are 2 litres, 1 litre, 500 cu., 
250 nc., 200 cc., 100 cc. Flasks A ami B of 1,000 cc. 
and 200 cc. content arc shown in the diagram drawn 
to scale. 

A 
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(2) Bubettes. —A burette is a straight tube open 
at one end and narrowed at tho other end to an 
almost capillary tube; near the narrowed end there 
is a gl.nss tap, or other device for regulating the flow 
of liquid from the burette. Starting a few centi- 
meircs from the wide end are file marks at e\ery 
tenth of a oentimotie ilown to 60 cc.; in the best 
Imrcttes the uppermost file mark goes completely 
round the burette, at 0*5 cc. the maik goes about a 
third of the way round, at 1 cc. completely round, 
and BO on all the way down. Smaller burettes are 


used sometimes. B is a 50 emburette; 
represents 1 oo., the subdivisions being oo a 

larger scale at F. 

(3) PiFEnriBs.—These axe of two kinds-^lmlb and 
Rtraight. Tho first form consists of a ojliadrical 
bulb, on to each mid of 
which rather narrow 
tubes are scaled; tho 
delivery end is narrowed 
to an almost rapillaiy P” 

opening, while the other C. 

end is of uniform bore 
and marked at a con- | J “ 

venien^ distance from ” 

the bulb with a file ^ _ 

mark going completely ^ _ 

round the tube. A _ 

pipette can bo marked Tl _ 

with a containing and _ 

a delivering murk — — 

usually only the latter _ 

mark is required. The — tT’ 

straiglit form is cm- _ — I 

ployed for delivering - — r 

sni^lcr quantities of - ~ 

liquid than tho bnlb : ~ 

form; it is merely a 7 _ 

burette without a tap. - _ q 

I’ipettes are uscil cither : i I _ 

to witlidraiv (coutain- I / \ _ — 

ing maik) a definite 5 j _ — 

volume of liquid from a i _ — , 

known lolumo of it or : _ — * 

to translcr (deliiery ; q{J _ — 

mark)*a definite volume : qc — "izr 

of liquid from ouc \cs 8 l 1 _ ‘ — — 

to another. Couveuient : V y ~ ? 

sizes are 100 co., 50 cc., E X y — 

2 ,> cc., 20 cc., 10 cc., E “ 

5 cc., 2 cc. The first : “ ^ 

five are usually bulb r • 

shape, the otlicr two - ~ 

bulb or straight *, in tho _ 

Utter case tlioy are 2. 

graduated in fractions _ 

of a centimetre just us I _ 

a burette is, only a \ 

2 cc. pijiette n>aj be j - 

graduated ill t a entieths V — 

of a centimetre or even — 

less. D is a 60 cc. bulb — 

pipette and C a 5 cc. ~ 

btraigut pii>f>ttc. B, D, ~ 

and C aro diawn to tlie _ 

same scale as A .nnd B. _ 

One of tlie solutions _ 

employed in any pro- v _ 

ccsB of volumetric an- _ 

alysis must be of known — 

strength, and this is 

called the standarcimlu- L J ^ 

lion. But the stroiigth I j 

of the standaid solution ] ip''% 

is not chosen at ran- I 

dom; in BCientiUu work |j[ 

it is customary to make jj 

solutions having some _ __ 

simple relation to tho ^ 
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c^O = 

cc. - 


Bmurm Axs Fipettss. 


gram molecular weight dissolved in 1 litre ; but an 
analyst will often make a solution of stich a strengtll 
as to bear a simple relatJou to the particular substance 
he desires to estimate. We jvball only doal with the 
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Kolmion. These are so made that 
ccmtaJn chemicsallj equivalent anionnts 
the ,4iMiolyed substances. , A solntiut which 
ooi^iaa \ giim of replaceable hydxogen, or the 
. pbemiohl eqnivalent of this of the aotivjs element or 
groh'p, dissolved in 1 litre of the Solution .is called 
■ » j^BKAii Sqlvtioit ; then any othea solution can 
. bp expressed in' terms of a nonaal solution by dividing 
4 , the number of grams of the substance contained' in 
l«llire by the number of grams of the substance 
contained in 1 litre of a normal solution. 

£wamplei.*-'RjdToch\oiio acid, HCl, has the mple- 
'cular weight 36*5, so that 36-6 grams of hydrochloric 
acid contain 1 gram of replaceable hydrogen; therefore 
.36*5 grams of hydrochloric acid in a litre is a normal 
Bolution of this acid; 3-G5 grams in a litre Would be 
a deci-normal solution, and eo on. Sulphuric acid, 
H 2 SO 4 , baa the molecular weight 98, so that 98 grams 
of this acid contain 2 grams of replaceable hydrogen, 
therefore a normal eolation will contain 49 grams of 
the acid in a litre. 

Caustic soda, NaOH, has the molecular weight 40; 
in it the monovalent atom of sodium may be regarded 
as having replaced 1 hydrogen atom in 1 molecule 
of water, so that a normal solution will contain 
40 grams of caustic soda in a litre. Sodium car¬ 
bonate, NaX'Oi, has tho molecular weight 106; in 
it the sodium atoms may be regarded as having 
replaced 2 hydrogen atoms in carbonic acid, 
lIX'Oj, so that a normal solution will conUin 
r>3 grams of sodium carbouatejn a litre. rotas.sium 
permanganate, KMnO,. has the molecular weight 
15S, and behaves as an oxidising agent in presence 
of excess of sulphuric acid and an oxidisable sub¬ 
stance in accordance with tho equation 
2KMnO, + 4 H. 80 ,- 2 Kn.S 0 , + 2MnSO, + 311*0 + 60. 
That is, 2KMnO^ gives 6 atoms of oxygen which are 
equivalent to 10 atoms of hydrogen, and hence a 
normal solution of potassium permanganate contains 

grams per litre. The operation of 

dnding what volume of a standard solntion must 
be added to a known volume of a solntion of un¬ 
known strengtli to bring about a definite change so 
that no excess of either of the dissolved substances 
remains, is called a titration. Sonre of tho principal 
operations in volumetric analysis aro the following : 

1. A standard alkali is used to determine the 
strength of an acid. The standard alkali can be 
made by weighing out 63 grams of pure sodium 
carbonate, dissolving this in distilled water and 
making up to 1 litre by the addition of distilled 
water; or a clean piece of sodium could be weighed, 
thrown into water, and the solution of caustic soda 
so obtained made up to a suitable volume with dis¬ 
tilled water. 

2. The converse of 1—that is, a standard acid— 
is used to determine the strength of an alkali. The 
Btaialard acid could be made by taking the specific 
gravity of a fairly concentrated' acid, then by means 
of a table finding wbat volume of distilled water 
must be added to make a litre of a normal solution 

( 20^\ 

-jB-j of 

some sulphuric acid is 1-2, it is only necessary to 
take 296'9 cc. of this acid and make it up to 2 litres 
to have a normal solutidh of sulphuric acid. Let 
*eome normaf Sulphuric acid be placed in a burette, 
and 25 oc. of a solution of sodium carbonate be 
placed in a flask; add 1 drop of ipetbyl mange 


solution and run in the anlphiirio acid till the liqi^ 
just shown pink; let 30 cc. ol the acid be xeqnired. 

Thus 1 00 . of the carbonate requites « oc, of norawl 

K ZO 

sulphuric acid to neutralise ^t, And therefore tire 

'30 30 

curbonate mnst b&n times normal m ~ x 63 
Z 9 

Na,COs per litre. 

& A standard solntion of potassium permanganate 
is used to oxidise a solution of a ferrous salt of a 
solution of oxalic acid or of an oxalate. To make 
the standard permanganate 3*16 grams of the ejmmi- 
cally pure suratanoe are dissolved in water and made 
up to a litre to obtain a deci-normal solution. Bnch a 
solution may have to be “ standardised ”—that is, 
may have to have its strength verified. In this case 
chemically pure ferrous ammonium sulphate may 
be used to verify the permanganate; a known vseigra 
of this salt is taken dissolved in water and titrated 
in pre.sence of excess of snlpburio add against the 
permanganate. Suppose the weight of the iron salt 
to be so chosen that it should t^e precisely 60 cc. 

of^ permanganate to oxidise it, and we find that 

it requires 50-25 co. of the permanganate prepared 

as above; then this permanganate is times 

deci-normal ■= -995 x Let *66 grams of a speci¬ 
men of iron be dissolved in dilute sulphuric acid, the 
latter being in considerable excess. Run in some 
of the above permanganate till the pink colour of 
th# permanganate just persists; let 99 cc. be re¬ 
quired. Now we have 

2KMnO, gives 60 in presence of sulphuric acid, 
and 2FcSO, + H.*SO, + 0 =» FCjCSOJi + 11*0, 
that is 2KMnO, oxidise 10FcSO„ or are equivalent 

316 •< 

to lOFe—that is, 1000 cc. ^ permanganate are equi¬ 
valent to 6*6 grams iron, or ICO co. ^ permanganate 

are equivalent to *56 grams iron; thenfore the 
specimen of iron contains 99 x *996 per cent. Fe. 

4. Solutions of sodium thiosulphate and of iodine 
(in water containing sufficient i^tassium iodide to 
keep it dissolved) are often employed in volumetric 
analysis. These react in accordance with the 
equation 

2Naj8*0,5H,0 + I, - Na,S.O, + 2NaI + 10H,0. 

That is, 2 x 248 grams of crystallised sodium thio¬ 
sulphate react with 2 x 127 grams of iodine w 248 
grams of the former wifli 127 grgms of tlie latter; 
and as iodine unites with hydrogen atom for atom, 
we have; A normal solution of iodine con^ns 127 
grams per litre ; a normal solution of sodium thio¬ 
sulphate contains 248 grams of the crystallised salt 
per litre. To illustrate the use of the above reaction 
weigh out 0*435 grams of manganese dioxide into a 
c Tu-dl flask; add excess of pure strong hydrochloric 
acid, and pass the chlorine evolved into a consider¬ 
able excess of potassium iodide solution, so that no 
chlorine escapes from the solution; then titrate the 
liberated iodine by a deoi-aormal solntion of sodium 
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tbioeatohato. JHaiipowt ^ oa ot the thiotwlfdMfco 
orejr^uiied. Ihe foUovleg; csaotiqiui oocvt: 

flinO^ + 4HC1 = MnOl, + £H,0 + Cl, 

ci, +2Kr-2 k:ci +I, 

2NaA0i»fi,0 + If ^ Na,B,0, + 21IaI + lOH^O. 

' ao thet MnO, is cquhalcnt to 

87 2 k 248 

or 43-6 grams manganese dioxide reqnire 248 grams 
crTstallufhcl sodiam thiosalpliate. Thus 04 B5 grams 
of pqro manganese dioxide would require 100 cc. of 
dcci-nonual thiosulphate; thus the sample contains 
95 per cent. liiaO,. 

' 5 . A standard solution of silver nitrate can bo used 
to find the strength of a solntion of a ohloride. In 
this case the cdlver nitn^te is pat in the bnrette and 
the chlcnride in a white basin ; to the chloride a few 
dnms of a noltatloo of potassium chromate arc added, 
ana then the silver nitrate is run in. All the chloride 
is precipitatftl before the chromate, so that at the 
moment the precipitate is> tinted by the brick-rtd 
colour of silver chromate the lenction is at an end, 
and a simple calculation gives the strength of the 
chloride. This operation is only ptssible with 
neutral solfttlons. ^ 

On the above aiul a few other reactions arc founded 
a great variety of estimations by volumetne analysis. 
These Recesses of volunietiio analysis arc very acen- 
rdte and far more rapid than those of gravimctiiu 
analrsis, and are therefore extensively employed. 

W. n. 11. 


Yolnta (Ar^Mfect.) The spiral foim u*scd in the 


capitals^ of the Ionic, 
.Curdithian, andCompo- 
uito orders. A roughly 
formed volute is often 
found in Romanesque 
capitals. 

¥enchl|^ iMmtie'). 
A mnsieai ornament, 
written as a small note 
or notes bcfoie the note 
which it embellishes. 
The time of the vor- 
sohlag IS taken out of 
the embellished note. 


r 



The long, shoit, and double vorsoblag correspond 
respectively to api/oggiatura, aoeiaecatura, and 
BobWfer, which are fcU given under Ornaments, 
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Yortez Rlnf. A phenomenon of fluid motion, of 
which an example is found in the “smoke ring” 
which is produceil by puffing smoke through a 
tube, or fiom the lips, or occasionally by steam from 
the srwat of a kettle, or chimney of a locomotive. 
The toid forming the ling is in a slate of rotation 
about the centre of the cross-section of the ring 
itself. The mathematv al theory of the properties 
ef vortex rings is of great interest, but too complex 
for a short d^tcriptinn. 


Yonuoiv* One of the seiies of stones or bricks, 
fafdiionod like a truncated wedge, with which on arch 
is built. Sea ARCH. 


Yc* iBgdtea (JJAwk). An organ stop oonsistmg 
of two ranks of pipes of the dplciana type. One of 
them Is taned sharper or flatter than the other, thus 
pFodut^jfr a waving effect. 


¥« JBEbbuim (JIfiuisX An»»d«t8ion.stpp«l**vei;k, 
small length anil ot peonUar eonstroolioii, nppoasl 
to imitate tim human voice. , ., 

¥ Thread or Yee nmad (JIty.) The brdfaAi^ 
screer thread of triangular sectioOi' Sri BcRirvm ', 

Yoloaa {Aairt.n.') A supposed intzp-kief(»q4al 
planet. . , 

Yoleanite and Ynloairiiing. Ahs 'Rvmm. ' 

Yulned (Her,) Wounded. The plicoQ iseBnm'- 
times represented as “ valuing herselV’ In aocordauce 
with the idea that this bird feeds her young by 
pecking at her breast with her<i>eak when she cannot 
otherwise provide for them. The pelican thus bla¬ 
zoned is mso one of the emblems bf the Gatbolio 
Church. 

Ynlpinite A variety of Anhydbiib (q,« ) 


W (Chem.) The symbol forTtJNQHTBN wWoi.s'J 

RAM t j V.) ’ ■ ' 

W, w (AViy., Phy*,", etc.) A symbol for Work. 

Wad (Min,) A synonym for Qbapbitr ( 7 . 0 .) 
used in the noithein counties. 

Wadding (TVwfi&i Maniffae.) (1) A thick yam used 
in comixinud cloths to give wfight. It lies lictween 
tlie face and the backing threads. (2) Catded ceittou 
in the form of sheets, used for filling out garments, 
and for other purposes. 

Waggon Yanlt (AjSee BAdBEi. Yaws, 

Vault, amf Groined Vault. 

Wainscot (Build.) A lining fi>r the inner walla 
I of a building, genoially extending a part of the way 
I only fiom the floor to tlin ceiling. It is usually 
I rnado of wikkI, panelled ; but other materials, e.y. 

I marble, aio sometimes employed. 

' Wainscot Oak. Oak cut radially from the log^'in 
j ordci to show the silver giaiii (ff.r.) 

Wald Flute (Mu»ie). A wooden organ stoji of 
either 8 ft. 01 4 ft. pitch. See p. 441. 

Waling (Jivild., ttc.) The hoiimntal timl>ers 
sup[iorting the poling bovds along the sides of a 
trench. • 

Wall (Mininy). The side or boundary of a v eiu 
or lode. 

Wall Boaring, Braoket, etc. (Eng.) A bearing, 
bracket, etc., so constructed that it can bo fixeil to, 
or built into, a wall. 

Wall Plate (Build.) A lioriaontBl bond timber 
supported by, or built into, a wall, and itsplf sup¬ 
porting the ends of joists and safters. See Floob8 , 
p. 128, and Roofs, p. 621, 

Wall Sib (Aiehltect.) A half or three-quarter rib 
used against a wall in Oothio vaulting. See Rib and 
PANEL VAULT. « 

Walnnt (Botany). The drupaceous (cr stone) 
fruit of Juylant ngia (Jvglandnoea). Tl e stone or 
shell consists of two valves with leatheiy' ingrowths 
between the cotyledons of the seed. A green pulp 
and rind suTrounds the shell. See ajto Wo6dS. 

-— (Deo,) Sea under Obainino. 

Waible (Leather Xanufae.) A hole made in a 
hide ot skin by the ox- or bot-fly. 

WaMhonse. A building for the JSorage Of, or 
wholesale dealing in, goods. * 
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VftM]||OOM I Print,^ The dcpartnrent of a print- 
oflloe ■turhiou controls the “ white *’ or anpiintod 
. paper and the drying:* pregalDg, qniring, etc, of the 
imfltod sheets. 

■Mum (_PiHnt.’) The terni is applied to colours 
a red or yellow tone; also to a pictore in which 
these tones predotninafe, e.g, painted in warmeolmirM. 

W^Anlng. Spf SA.K1TATI0K, jr. C36 

iCarjt., etc.) To twist; applied to the 
twisting and distortion of timber, produced by 
rtirinkage in diylng, etc. 

, - 1 — (Pnp., etc.) To draw a hcn\y object along 
by means of a rope or cable which is coiled on a 
drnm or windlass. 

- (Zacr JArM«/ac.) A beam or cylinder con¬ 
taining one bystem of tho threads nsed in the manu¬ 
facture Of lace, ike Lacb Manufactueh. 

- (^Teoetllc Ma/nufae.) Tho term applied to the 

series of sfrun threads, usually stronger and harder 
twisted than the weft, that run lengthwise of a piece 
of cloth in the loom. In the silk trade, tiio term 
- “ Cane ” is synonymous with warp. iSee alto 
WBAVEB'a WABP. " 

- , Backing {I'ex^Jc Mamfar.') Tho method of 

putting a back to the cloth by usinga separate warp. 

- 1 Centre {Terttfe Manvfuc,') This may be 

either a stit( hmg oi a wadding warp, ike Wapdiko. 

- , Stitching {TcHUc Mauafac.) A special 

warp for binding two fabrics together. 

Warper's Brasses {^Lact Maniifae ) Kectongnlar 
lates ot bias.-, gcneially t In. by 2 in., with drilled 
olcs, in number aci oidiiig to tiio jiurpotc they have 
to serre. A ‘.erius of tliem placed eud to cud form 
a sley for the production of the warp. 

Warping (Cotton, Wcaemg'), Running together 
in some deliuiic order a number of threads, from 
1;^>bbin.s phu-cd in a < reel, so us to form a warp (q.v.) 
which niay be ittt’ii.ii’cd ior the loom in a convenient 
form. The ( nd-and kngth arc determined before¬ 
hand. 3'here are four distinct methods in Cotton 
Weaving: 0) ^Idl. (‘J) Sectional. (3) Beam. (4) 
Chain or lease. 

- (Linen JUiumfae.') Arranging the threads of 

yam in lengtlis ol oue ormoie webs of cloth, so that 
they can he put on a beam for the loom. This is 
done cither hj winding from a few sjiools, round a 
cyliudiical creel, tdl cnoagb thrcarls aio put on; or 
a nuiaher of spools can bo put on a ilat frame ami 
tlio tlireads run from these tJirough .a reed on to two 
or raoie beams. The fonner is called Chain Wabp- 
INO, the latter BKisi Waiu’INO. 

— (lexfile Manii/ae.) An operation performed 
either by hand or roacliine. It consists of preparing 
the warp threads in tho requibite order and length 
for tJie loom, ike Beau, Chain Wahi', omI Loom. 

Warping Hill (Ltioc Mamfae.) An extended form 
of feci, .such ab that used for iorniing hanks or skeinb 
of cotton, bnt mudh more stiougiy built. It may 
be 4i qnarteib, say 400 in. wi<ie, and 3 or 4 yards 
in circumference. All tho threads of the warp are I 
arranged and wound upon this incoriuut order and | 
length previdutt to being transferred to the warp 
beam. 

Wairp Haohltie (Lace JUbau/ac.) A development 
of the nosimy or slocking machine. It makes fabric 
* of the mosta diverse character, from heavy woollen 
cloth or blanket to tho ilaest silk point net, accord¬ 


ing to the gange of the machine. It inay'b*|g)apifced^‘! ' 
to make imitation crochet laoe^jw la^ «art»^, its • 
distinctive feature productlofl of #lo<i^pe4 

or crochet stitch in comradistinc^on tb twists]^.' ^ 

Wanen Givdev (dvU Akp.) A bnUb<«p ^ Ititice * 
girder, consisting of two horizontal fnembers Bon-' 
nected by bracing which fctsnln a serial of iaoeoelea 
triangles. The sides of these triangles .are aHer- 
nately strats and ties, i.s. one is in oornpeesrion* 
the next in tension, and so on. ' , 

WaA Dirt (Mining). Earthy matter, drift, etc., 
in which gold is found in alluvial deposits.^ 

Washdown Closet or *<fiQiovt Hoppes** (Stknita- 
tion). Consists of a basin with an almost vertical 
back, BO that the excrement falls directly into the 
water of the trap and not upon tho sides 'Of the « 
basin. It should be supplied with a flushing rim, 
and tho junction of the basin and trap, if not in one 
piece, should bo so effected that the internal surface 
is perfectly smooth, thus obviating any eqlleetion of 
filth. It should be flubhed with at least two.g^allons 
of water delivered by a l|-in. pipe fjrtmi a water 
waste preventer fixed at a height of from 5 to 6 ft. to 
secure sufficient force thoroughly to wash out the 
basin. 

Washer etc.) A plate ^sna11jb<in the form 
of a dUc with a hole through the centre) Which 
is slipped over the end of a bolt, Sad sertes ns a bad 
for the nut which is screwed down npon it. Watihexa 
are nsually of iron, but leather, rubber, etc., are 
also used for special purposeb, e.g. In cocte dnd 
valves to make watertight joints. 

Washing (Mining). Bepamting sniierfluous matter 
(<hrt, gangue, etc.) from ore by the action of wa)^. 

Tne prooe‘'> usually depends npon the diderent 
densities of the materials acted upon, tho hoavw 
oonbtituents remaining behind while tho lighter 
ones arc washed away. 

Wash Leather. See Chamois Leatheb. 

Washont Closet (Sanitatum), Consists of a basin 
so shnpeiUhat a certain amount of water is detained 
in it by ineaub of a ridge over which the contents 
are carried into a siphon trap below. This form of 
closet requires a strung flush of water in order to 
caiTy away the excreta. Not now much in nse, as 
it is not in accordance with the majority of by-laws. 

Waste (Print.) The surplua sheets of a printed 
work or job. 

- (Tortile Manv/ae.) This may be weavers’, 

warpers’, woollen, worsted, or mixed fibre. It is 
waste yam that, after ojiening, is re-carded, and 
nsed as a btib^lituto for wool. 

Waste Pipe (Ifvild.) The pipe tlint carries away 
tho waste water from a bath, sink, etc. 

Waste Preventep (PlumK, tie.) See Wateb 
Waste 1’bevbnthb. 

Waste ProduetB and their Use. A uompleto 
libt of wiiblo pioductb In indnstriul and commercial 
euterpriseb, as well as those of domestic origin, 
would occupy a great deal of space and covet a very 
large number of iiupirtaut and interesting manufac¬ 
turing rndubtiiea. The waste products of domestic 
oriirin are mainly ot two kinds; (1) Aiftmal TOfusc 
derived from the slaughteir ot animals used tor food; 

(2) Town refuse collected from house to house. 

Anmal BefuM, "Very little ot the animal which 
is MUed for human footl u wasted. Tho Biebb are 
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•ent to the tanner, wbo removea the Imir and converta 
the skin into leather (tee 1.BATRKB KlANurAcrirBB), 
the htdr beinB utilised afterwards as a hindli:i^ material 
In the manumcture of plaster for the walls of houses. 
The lai;g:er Bokbb are used for 4>be production of 
buttons, knife and tool handles, whOe the smallmr 
bones are puicba-sed by manure manuiaotuien, who 
grind and treat them with acid, to produce fertilising 
compounds, and a valuable oil is also obtained 
from these bones (tee Bobb Olli). The BhOOD, 
of vriiich large quantitka are produced in the 
alaughterhouse, is utilised for the preparation of 
albumen, or it can be treated for the manufacture 
of what is known as emimal charcoal. From the 
Hobbs of the animal are made combs, cigarette 
holders, buttons, and similar ol^eots; even waste 
.horn clippings can be ntilised for this purpose. The 
feet of the animals ate employed for tne production 
of lubricating oils, such as neat's foot oil. The 
coarse Fat produces tallow and tallow oil. Tho 
IbTbstibbs are cleansed and converted into catgut, 
the finer qualities of which are used for violin strings. 
Another vreU-known preparation from this source is 
jgold beater’s skin. The Bladdbbs are ntilised for 
storing lard. Tho Haib from various animals finds 
many uses, for example, tho hair from rabbit skins 
is made into felt hats; the clippings from the liair 
dressers into wigs, curls, etc.; the skins, according 
to the animal from which they are obtained, find 
many uses, the rabbit furnishing trimuiings for coats 
and other articles of apparel, while gloves are manu* 
factnred from goat skin, dog skin, and many other 
varieties of small bides. Woollbb Wabtb. —Tim 
uses found for the waste from various industries 
which depend upon raw material derived from 
animals are interesting. Thus, in the case of worn- 
out woollen goods the matorial called shoddy' is 
obtained. Then the wom-out shoddy reappears in 
the form of druggets for the floor. From raw wool 
itself a useful oil or grease is obtained, which is 
famOiar under the name of lanoline, and the various 
liquors resulting from the washing of wool yield 
by suitable treatment valuable pot^h salts. Wool 
find similar auimtil products, such as horn and blood, 
can be roasted for the lu-oduction of yellow prussiato 
of potash. Abtificial Mabubes are produced 
from all kinds of animal refuse, such as the offal 
from slaughterhouses, stale fish, sewerage matter, 
in fact from almost every kind of decaying animal 
refuse. 

Tmim Btfiue. This consists of a very miscellaneous 
collection of animal, vegetable, and mineral refuse. 
In some towns a systematic course of treatment is 
adopted, w’ ereby any refuse which lias a commercial 
value is sorted out from that which is of no value. 
The former is sold to merchants and maniifactarcrs, 
while the latter is usually burnt. An average col¬ 
lection of this kind will yield saleable waste paper, 
rags, bottles, old tins (from which the tin can Ire 
recovered), broken glass, which can be used over 
again, and finally a mixture of cinders and com¬ 
bustible matter, which is of value to brick manu¬ 
facturers. In other towns the whole of the 
collected refuse is burnt in huge special destructors, 
the heat given out by the furnaces being sufficient 
to supply a‘ large amount of beat energy for town 
purposes', snob as the production of electricity for 
ligiiting. At Hastings the steam produced in this 
manner is used in pumping sea water for flushing 
the sewers and for watering the streets. The use 
fionnd for the waste products of industrial enterprise, 
as distmet from, domestic refuse, is a monument 


to the ingenuity and skill of the men engaged in 
maonfaoture. 

VeffStable S^vie. Tlie foremof^ instance is the 
uiUisation of the by-produots In the manufacture 
of coal gas. These are more fully treated under the 
holding of Qa8 MabvvactvBb Mention mi^ 
bo made of sal ammoaiao, spirits' hartebom, 
sulphate of ammonia, obtained fiom gas liquor; 
benzol, nitrobencol, carboUo acid, aniline, anthraeene 
from coal tar, the two latter compounds being the 
souroe of the well-known ooal-tar dyes. The final, 
refuse in the gas retorts is the well-known domestie 
coke. Pafbbuakibq finds use for such materiala 
as old rags, old waste paper, straw, old rope, oanvM 
and sails, jute and hemp b^jgfbg, all of wnioh axe 
eventually converted into paj^r, oimboard, or papiet* 
mach& Many of tho by-pividucts obtained during 
the manufacture of paper can be treated and used 
over again by means of ingenious chemical operations. 
In the STABcn iBBnSTBT many apparently useless 
materials find profitable employmeut. In the manu¬ 
facture- of starch from wheat a sticky plastic sub¬ 
stance called gluten is produced, whidh is employed 
in calico i>rinting. The pulpy refuse is usually mixed 
with other materials And converted into cattle food. 
In the Soap iBDDSTEir the recovery of glycerine as 
a by-product is an interesting instance of the value 
of technical research. The treatment of fats with 
alkali for the manufacture of soap (g.v,') gives a large 
proportion of waste lyes from which glycerine is 
made. Glycerine is used in great quantities for the 
production of explosives, and industries having no 
apparent connection with one another are sometimes 
closely related. In the Tihbbb Tbaob much in¬ 
genuity has been displayed in the utilisation of 
waste wood. Large quantities of sawdust are mixed 
with tarry matter ami converted into briquettes for 
fuel. Dried sawdust is used for polishing small 
metal goods, which are placed in closed vessels and 
rotated, the poli.sliing being effected by the friction 
of the goods with the sawdust. Artificial wood is 
preiwred from sawdust by the use of certain binduig 
mediums like glue mixed with bidiromate of potash. 
Wood waste is largely employed in the manufacture 
of oxalic acid, produced by fusing the wood waste 
with caustic soda, and this is largdy used in textile 
industries. It may al.s.o be employed fur the manu¬ 
facture of crude acetic acid, the dry distillation of 
wood waste yielding wood spirit, acetic acid, and 
wood charcoal. 

Mineral liefvee. One of the most remarkable 
instances of che recovery of valuable material from 
waste is the recovery of sulphur from Alkali Waste. 
According to the Alkali Inspector’s twenty-third 
report for the year 1886, 387,000 tons of waste were 
pranced at Widnes and lluncom. This would 
contain about 58,000 tons of sulphur, nearly the 
whole of which was lost. In 1888 Mr. A. M. Chance 
introduced an improved process, by means of which 
this enormous weight of matorial could be treated 
with carbonic acid gas liberating sulphuretted 
hydrogen, which on burning with a sufficient quaiftity 
of air deposited the pure sulphur in a solid form, 
Not only wa.s the waste material thus effectually 
dealt with, but nktoraliy the cost of prodnotioa of 
the soda and alkali was sensibly reduced. Tire iatro- 
duction of chemical methods of washing the slimes 
and residues from Gold Mines has resulted in very 
marked economies. Many of the slimes and residues 
though oontainiDg a very minute percentage of gold 
cu) be chemically treated by mean% of cyanide „ 
compounds (»ee Oolp, Otulstobb, and Gas Mabu- 
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VACtoSE £0]). Tbe gold and silror residues obtained 
br p’iot<^^pbecs ace carefuUy preserred and troaied 
for tbereooverytd the precious metals. XnlBOM Wobks 
the slag prodaced is employed for useful purposes, 
llie slag obtained from blast fumaoe worlm is con* 
verted uito slag wool by means of a current of steam, 
and this is used as a composition for corcring boilers 
and stera pipes. The slag is also made into building 
stonoai^d hura'brick; aud when ground up fine in 
a mortar and mixed with cement forms a useful 
concreting material 

Waste Weir (Oiril Eng.') A weir in a reservoir 
for disobaaging the superfiuous water in time of 
flood. • 

Watoh and dock MaUiig. Clocks and u’atches 
s^ machines aubmatically recording the number of 
vibrations made by a pendulum, or, by its sulxititnte 
in portable timepieces, a balance and spring. 

The machine contains (J) the Motive Powbb, 
usually a raised woiglit or coiled spring; (2) a Tbain 
OF Wheels and innious moving with different 
velocities to rcord ><ari(>us required intervals of 
time; (3) tite Escapement, an arrangement for 
pcriooicaliy anesting the alvance of the train, so 
tliat the tendency of the moth o force to accelerate 
the si)eed shall be checked at frequent aud regular 
intervals, and for convejiug to the pendulum or 
balimce suifioieni impnlso to restore the energy lost 
in o\ereutumg the various rc&ihtanoes tending to 
bring tho^e time measurers to rest. 

Tlie mechanism of a good timepiece is so accurately 
made aud so well designed that iC does what perhaps 
no other machine of any kind is exjKictcd to do—that 
is, it will go night and day for jcais without skilled 
attention. The wheels and pinions usually have 
epu jcloidal teeth, but in some paits of turret clocks, 
in the keyless meclianisiiiof watches, and other ;jarts 
whcie very low numbered pinions aie not requited, 
involute Itsdli may be advantageously used; either 
kiut,l proiwrlj employed ensures smooth working, and, 
eveif more imp >rtant, a constant angular velocity 
throughout the wliulc phase of contact of each tooth. 
Tlic pinions and the escapement stuffs arc of highly 
polished tcmjicred steel, to resist wear and reduce 
the effect of friction. The reduced portions, or 
pivots, wliich wutk in the bearings, are as small in 
diameter os the necessary stieiigth will allow, and 
tJic bearings are often jewelled. 

The moo! anisra of the finest timepiece is subject 
to one source of trouble, which will probably always 
be a trouble. It is necessary to lubricate nearly all 
the rubbing surfaces, and jewelled bearings do not 
remove Ibis necessity. The lubricant must not be 
too tbiu or likely to evaporate, it must not be too 
thick or likely to oorrode, and however good it may 
he there is always a imssibility of one extreme in 
course of time; especially as an oil that will keep 
good for a long time with one wearer, will dry up 
w’ith another, and will thicken with yet another. 
Except for the lubrication trouble, the timepiece, as 
a matjhino, may bo accepted as a very good specimen 
of the iwrfection of mechanism. The natural errors 
to which the pendulum and the balance and spring 
are subject will bo dealt with later. 

The standard by which all timepieces are ultimately 
checked is the “Sidereal Day,” the uniform interval 
of time taken by the earth to make one exact rota* 
tion on its axis; but the standard interval recorded 
by most clocks and watches is the “ Mean Solar Day," 
aa interval ei^ial to the average length of the 
** Apparent Solar Day." Ko two consecutive solar 


daya am of pieoiaely equal dutatioo, ao meAta 
of these eoutinuallv varying hrtervala i» uaed as 
atandard for all civu purposes. 

In checking the of a (flock by aatiutiomioal 
observations with the aid of a transdt ot o£bar 
mexidian instrument, it will often be found 
venient to use tranaits of the sun. These occur 
at irregular intervals, but the irpegnlaiitiet are 
ooeaxaiely known, and are famished ih the “Nautical 
Almanac ” years in advance; we therefore find it just 
as roUable to use the sun, and for (flteekiog the rate 
of a mean^time clook the necsessary lalcnlatioBS are 
eatier than those required for tider^ observations. 

Whole days are determined and checked by astro* 
nomical observations. The subdivisions of the day 
cannot be so determined. In modern timepiisoes the 
subdivisions are measured either by the oscillatione 
of a pendulum or by the vibrations of a balance 
attached to an elastic spring. 

The discovery of the isochronism of pendulum 
vibrations made it possible to subdivide the day with 
great accuracy. The time of vibration depends upon 
tile length of tlfe pendulum aud is proportional to 
the square root of the length. 

is the usual formula denoting the time of one complete 
swing in one direction ; r being the time in seconds, 
V the ratio of circumference to diameter, approxi¬ 
mately 3-1416, 1 the length of the pendulum, and g 
the acceleration due to gravitation. “ g ” has different 
values at different parts of the earth’s surface, but so 
long as the length of the pendulum does not alter, 
theCime of vibration at any one place will be almost 
perfectly con tant. A clock controlled by a pendulum 
is probably tlio most accurate of all timekeepers. 
The pendulum should not be shorter than a “ seconds ” 
pendulum » about 39*14 in. It, and the mechanism, 
should be rigidly supported, and a weight should bo 
used to drive it, as the energy of impulse will then 
be sensioly constant. We find, however, that if the 
machme be mechanically perfect there are, at least, 
three sources of error to which the peudultun is 
liable—change in the amplitu<le of the arc described 
may (Xiuse a "circular eiror,” change in the atmo¬ 
spheric pressure may cause a “ barometric error," and 
change of temperature may cause a "temperature 
error." 

If a pendulum is describing large arcs of vibration, 
and the* arcs vary much in amplitude, there will 
be a circular error, as large arcs take eliglUlg longer 
than small ones; but in clocks of precision tire 
largest arc permitted is small, seldom more than 2'’ 
from the point of rest, and every effort is made to 
maintain the amplitude constant, so that the iso¬ 
chronism in a good clock is but little disturbed by 
the circular error. 

Tho barometric error is due to changes in the 
atmospheric pressure: when the pressure increases, 
the pendulum meets with greater resistance to its 
progress and the clock loses. The error is small, 
estimated at about 1 second per day for a change of 
3 inches in the barometric reading, but in very fine 
clocks some provision is made to coanteraot it, la 
the tirconwioh sidereal clock a bardmetnr tiibe is 
fi ted inside the clock case; the rise and fall of the 
mercury in tlie open end (tf the tube cause a boite- 
shoe magnet to recede from, or approach, two bar 
magnets fixed to the front and back of the pendulum 
tob, thus reinforcing the acceleration due to gravity. 
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more or less, according to the nearness together of 
the horseshoe and tlie pendulnm magneta The 
horseshoe is adjusted under the pendnlum magnets 
with the unlike attracting poles opposite one another. 
For the new physical laboratory at Bushey House a 
clock has hoen made with an airtight case, an air 
pump is attached, the pTessurawill be reduced below 
the normal and maintained oonstaut, so that no 
variation may arise from this cause. 

The largest vaiiation to which an ordinary pendn* 
Inm is subject is due to the temperature error. 
Nearly all materials undergo changes of dimensions 
when the thermometer alters. An iron, or steel, or 
brass rod becomes longer in heat and goes slower, so 
that all good clocks require compensation pendulums. 
In all such pendulums two or more materials are 
used, having very different ooefficicnta of expansion. 
Tlte rod being of the material with a small expansion, 
the other parts arc so arranged that just as much ns 
the change in the rod tends to displace the centre of 
oscillation, the otlier part tends to move it in the 
opposite direction, and the effective length of the 
pendulum remains constant in all temperatures. 

A mercurial pendulum has a rod of steel, and the 
bob is a jar of glass, or of steel, containing mercury. 
As mercury ox^nds and contracts very much more 
than steel for the same change of temperature, we 
find tliat about G in. of mercury is sufficient to keep 
the centre of oscillation of a seconds pendulum at a 
constant distance from the suspension, and so com¬ 
pensate the temperature error. 

A zinc and steel i)encbilura has a rod of steel; on 
the rating nut at the bottom rests a zinc tube, from 
tiie top of the zinc tube hangs a steel tube terminating 
in a collar on which the bob is supported at its centre, 
so that the expansion and contraction of the* boh 
shall have little effect on the time. As the coefficient 
of expansion of zinc to that of steel is in about the 
proportion of 8 to 3, we find that a tube of zinc about 
24 in. long is sufficient to compensate a seconds 
pendulum. Tire lengtli of steel rod + the length of 
steel tube must be to the length of zinc tube 
inversely as the respective coefficients of expansion. 

Tlie recent experiments of I>r. Guillaume with 
alloys of nickel and steel, in different proportions, 
have pioduced some remarkable results. It is stated 
that at least one specimen lias been produced lia\ ing 
no expansion at all. There may be some doubt if .“o 
desirable a result can be repeated, but there is no 
doubt that many specimens of nickel steel have been 
obtained possessing exceedingly small coefficients. 
As with most alloys, the result of a mch. is more or 
less uncertain; each individual rod shoii]<l be tested, 
'and a rather long pro<! 0 S 6 of annealing has to bo 
undergone to make the metal workable, and to 
ensure its retaining its peculiar properties. Its use 
for pendulum rods is still in the experimental stage, 
but it promises to bo a very valuable discovery for 
such a purpose, and as the clock at Bushtsy House, 
already rofeiTed to, has one of these rods for whicli a 
very sliort iiraas tube is sufficient to compensate it, 
the record of its performance will be looked foi-wai-d 
to with great interest. 

A pendulum cannot be used for a portable time¬ 
keeper, a Balakcu and Rpbino taking its place in 
ohroBometeTs, watches, and carriage clocks. The 
balance is a flywheel, storing up the energy received 
at each imptilse, thus being enabled in its return 
vibration to unlock the escapement, to allow the 
train of wheels and the hainls to advance, and to 
" receive fresh impulse. It'is higldy Important that 
the balance shall be truly a “ balance "—f.s., that the 


staff on whiffii it is moj^ted. kliaB be accurately in 
the centre of the mass? If it be the least out of 
weight, or “ out of poise,” ha it is called, the rate in 
the different vertical positions of the watch will vary; 
the balance will no longer be a balance.” 

The regularity of the vibrations of a Wlanoe is due 
I to the controlling influence of the spring. This is an 
elastic spring fixed at one end, the other end being 
attached to the balance near its axis. There is no 
circular error as with the pendulnm. If the size and 
weight of the balance be suitably a^pted to the 
energy of the motive power, and the spring is 
properly applied and adjuste^ the arc of vibration 
may vary very much without *any important change 
in the rate of vibration. If, owing to variation in 
the energy of impul.se, the balance at one time travels 
twice as far as at another, it will travel twice as fast, 
and the time of vibration will bo the same. The 
regularity of vibration is liable to disturbance by the 
varying effect of friction, and to the fact that the 
connection with the escapement has a greater retard¬ 
ing effect when the vibrations are small and tlie 
velocity slow, than when the arcs described are large 
and the speed of the balance rapid; but the modern 
timer is able to surmount these difficulties and obtains 
almost perfect isochronism. Bo much has been 
accomplished in this direction that the fusee, as a 
necessajy equaliser of the motive power, has ^most 
disappeared from the modern watch in favour of the 
going barrel, with its much simpler form of keyless 
mechanism. 

The motion of tho balance is affected, like that of 
the pendulum, by variation in the atmospheric pres¬ 
sure. llecent experiments indicate that the baro¬ 
metric error in a large watch is about 50 per cent, 
greater than the barometric error of a pendulum, that 
the err or in a marine chronometer is a little leas than 
that in a deck watch, while the error in small 
.watches is slightly greater. There is at present no 
known method of correcting this, except by intro¬ 
ducing centrifugal or isochronal errors, either of 
which might do more harm titan good. 

The time of vibration of a balance depends upon 
its “ moment of inertia” and upon the elasticity 

and dimensions of the spring. As tlie elasticity of a 
spring of steel, and probably of any material suitable 
for balance springs, ic very much affected by changes 
of temperature, we find that the temperature eixor of 
an uncompensated watch is far greater than tlrat 
of a pendulum clock. When the temperature rises 
tlio diameter of the balance increases, its moment of 
inertia is greater, and this tends to make the watch 
lose. All the dimensions of the spring increase, it 
becomes longer, tending to make the watch lose, but 
in the same degree it becomes wider, tending to cduse 
a gaiir; and for all changes of temperature the altera¬ 
tions lu these two dimensions alone neutralise one 
another. It also becomc.s thicker, and this change 
of itself probably more tiian neutralises tiie increase 
in tlie diameter of the balance, so that the wlyile of 
tho observed error is due to the change in, the clastic 
nature of the spring. 

The CoMPBiNSATiON BALANCE is designed to correct 
this error: it becomes smaller in heat, and larger in 
cold. Ill the ordinary form of compensation balance 
a steel disc is turned perfectly true. This is placed 
in a crucible containing molten brass. When cool 
the bra.ss a<lhercs, and is turned true, leaving a ring 
of brass outside the steel. Ihe steel Is recessed and 
cut away until only an inner ring of steel is left with 
a tiiin cro.ssbar of tlio same piece of metal, in whioh 
the staff is fixed. A number of hole.s are drilled and. 
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tallied throogU t^ bifine^lUo ring i In these holes 
a less niunltoc of weights, usually gold screws, may 
be placed in different •positions. The ring is cat 
right through in two opposite points, usually close 
to the crossbar, leaving each half of the ring fixed 
to the bar at one end, and 4uite free to move inwards 
or outwards, at the other end. When the temxjera- 
ture rises the brass expands more than the steel, and 
the two metals, to remain together, must bend into 
a quicker curve, carrying the free ends of the rim in 
towards the centre. When the temperature falls the 
brass contracts more than the steel and flattens the 
curve, bringing the free ends outwards. How far 
the changes of curv^ure will aflteot the moment of 
inertia of the Ijolouce depends, in a great measure, 
upon how much of the movable weight is oolloctetl 
near the free ends of tho rim. The final positions of 
the adjustable weights can only be determined by 
trial. 

The thickness of the rim is dictated by expciionce. 
If too thick tho weights are relatively light, their 
change of position has insufficient effect, and it may 
be necessary to substitute platinum screws ftir the 
gold ones at the free ends. If too thin there wlU 
be a centrifugal effect, greatest in the large arcs 
of vibration, tending to open the rims outwards, 
especially if much of the weight has to be collected 
near the free cuds. 

The proportion of brass to steel is an unsettled 
question. Some authorities have stated that they 
should bo inversely as the .respective ruodulus of 
elasticity. Others say inversely as the square mots 
of their elasticities. As the bending moment of an 
elastic biir of rectangular section is ])ruportionaT to 
the cube of its thickness, it is possible that the 
tliicknesses should be inversely as the cube roots of 
the respective elasticities. The two metals will then 
offer equal resistances to change of curvature. 

The balance of a Mauikh Ohbonomistbb, instead 
oj having gold screws round the rim as in watches, 
bai4 two heavy brass weights grooved to lit the rim; 
these are held in position by pinching screws. 

Thu compensation of a baliiuco is not so prefect 
as that of a pendulum. With the latter it is only 
necessary that its length shall remain constant. The 
balance has to correct the errors duo to changes 
in the elasticity of the spring, its effective radius 
must grow less in heat, and greater in cold. I'hc 
change in tho elasticity of the spring is, at least 
approximately, proportional to the change in the 
temperature; but the moment of incitia of the 
bahmee is proportional to the gguare of its radius 
of gyration, so that any balance changing its radius 
uniformly with the temperature is imperfectly com¬ 
pensated. It may be adjusted correctly for any two 
given temperatures, but the change in its moment 
of inertia wlU then cause it to gain at intermediate 
temperatures, aud lose above or below the selected 
temperatures. Iti marine chronometers the error, 
which is never large, is in some cases reduced by 
adpistlng the primary compensation for a narrower 
range of temperature than the total change it is to 
be adjusted f®^. The middle gain will then be less 
than if adj usted for a wider range. At the extremity 
of the selected range a supplementary or secondary 
compensation piece, called an “auxilhiry,” conies 
into action, and continues the compensation through 
a farther limited change of temperatore. 

In NoK’MAaNBTisABUii Watchbs the balance 
spring, as well as the quick moving parts of the 
escapement, must he of other matoial than steel. 
The most sucoessful of these springs arc made of an 


alloy of palladium. T'or the lever, pallet, bodyv jmd 
roller alamnium broiue is ofle of the best materi^. 

TiH.W. 

Votfiv (Cktm.') HgO. A faintly Une coloured 
liquid, the blue colour onl^ being af^arent when a 
column of 2 metres or so is looked through ,* mtlts 
at (f under a pressure of I atmosphere, or at 
0 0076 under a pressure of water wipour equal to 
that of a column of meioury 4*66 mm. in height— 
that is, the melting point is raised or lowered by 
about 0*0075° fur a ^crease or increase respectively 
of 1 atmosphere pressure. Water is easily super¬ 
cooled, so that if kejit still and protected from dust 
it can be cooled far below its melting point without 
freezing; its vapour pressure at —10°, 0^, 15°, 100°, 
and 144° is respectively 2*1, 4*6,12*7, 760, and 3040 
in millimetres of mercury, from which it is seen that 
ice is markedly volatile and that water boils at 0°, 
15°, 100°, or 144°, when tl»e pressure is 4*0,12*7,760; 
and 3040 mm. of mercury resjactively. When water 
freezes it increases in volume by about one-elevcath 
part, so that pipes and vessels containing water are 
often burst when water freezes in them. If the 
freezing is effected in a test tube immersed in a 
freezing mixture, the water is seen to orystalliso in 
sleutier needles, but in snow the small crystals are 
united to one another, forming very bitantiful six- 
sided goometrioal figures—snow crystals. The latent 
heat of fusion of ice is 79 calories iier gram; the 
latent heat of evaporation of water at 100“ is 636 
calories per gram. At 4“ 1 co. of water weighs 1 
gram; this is the definition of the gram, the tompiera- 
ture of 4° being selected because water was believed 
to Lave its maximum density at this temperature. 
Tflfe real point of maximum density of water is 3*946°, 
that is, whether water is cooled below or heated 
above this temperature it expands: for exampde, 
1 c.c. of water at 4° becomes 1*000122 o.c. at 0°, 
1*000118 c.c. at 8°, 1*000997 c.c. at 16°. The specific 
heat of water at 15° is unity; it varies with the 
temperature. The refractive index for the D line is 
1*3336 at 18°,* it varies with tho temperature. 
Water is a bad conductor of heat and electricity; for 
heat its conductivity is 000154 (cm.ysec.); for 
electricity it is 0*04 x lO-w reciiirooal ohm centi¬ 
metres and referred to mercury as unit at 18° in tho 
case of tho imrest water ever obtained; while for 
absolutely pure water it would probably be 0*036 
X 10-“. (Heo below.) The conductivity for elec¬ 
tricity increases with the temperature. The vapour 
of water has a density correspbndiiig to tho formula 
11,0; but in the liquid state the molecules are almost 
certainly associated. An association of simple 
molecules of water to foim more complex molecules 
would explain a number of tho peculiar thermal 
proxjerties of water; thus it has been assumed that 
water at 0° contains the two kinds of molecules 
and (Hj,0)j,—trihydrol anddihydroL Tho high 
latent heat of fusion of ice, and its high specific heat, 
are jirobably due to the circumstance that much heat 
is required to resolve the tribyclrol molecules into 
the simpler dihydrol molecules, while the high latent 
beat of evaporation may be due to the circumstance 
that a further large amount of heat is required to 
change the dihydrol molecules into single molecules, 
for steam consists, as its vapour density shove, of 
single molecules. Now Bamsay and Shields Imve 
shown, from the moleoular surface energy of water, 
that at 6° water has a molecular weight of between 
3 X 18 and 4 k 18. Water is resolved into its 
elements when heated to a high temperature; dis* 
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Bociation be^ns at about 9S(f and is completa at 
something over 2600°; it is also decomposed when 
electric sparks atepassed through its vaponr. 
Chemically, water is at the same time a weak acid 
and a weak base; this is shown by addi^ water to 
some water containing phenol phthaleiu rendered 
pink by a drop of dilute caustlo soda solntion, when 
the colour will bo removed, and by adding water to 
some water containing methyl orange rendered pink 
by a drop of dilate sulphurio acid, when the oolonr 
will be changed to yellow, I'rom the electrical 
conductivity of pure water it has been calculated 
that 1,000,000litres at 18° contain 0-08 gram hydrogen 
and l‘S3 gram hydroxyl ions; yet small us the 
amount of ionisation is it corresponds to some 
miliioDS of hydrogen ions in each cubic millimetre 
of water. This ionisation of water enables us to 
explain the behaviour of (1) salts formed by the 
union of a weak base with a strong acid, (2) salts 
formed by the anion of a strong l>ase with a weak 
acid in dUute aqueous solution. For example, (1) a 
solntion of ferric chloride has an acid reaction and at 
great dilution ceases to show the ordinary reactions 
of the ferric ion; but if some hydrochloric acid is 
added to the liquid, it will again show the reactions 
for the ferric ion— 

8 + — +• “ — + 

Fe + 3tT + 3H + 3011 = Fe(OH), + 301 + 3H 

Colloidal 
fenio hydroxide. 

—excess of hydrochloric acid reconverts the hydroxide 
into chloride. (2) Potassium cyanide solutions are 
alkaline and smell of prussic acid. 

+ — 4 - — + — 

K + CN + H + Oil * K + OH + HCN ♦ 

The presence of water often causes reactions to occur 
which will not occur in its absence, as the burning 
of pbospborns in oxygen, the union of hydrogen and 
oxygen or chlorine, the dissociation of ammonium 
and mercurous chlorides, aud others. Many metals 
decompose water: sodium, potassium, calcium, 
barium at the ordinary temperature; iron, zinc, 
magncsioin only on heating; in all these cases 
hydrogen is liberated and the hydroxide of the 
metal formed, or if the hydroxide is not stable at 
a high temperature the oxide is formed. The 
halogens decompose water, the speed of the decom¬ 
position decreasing with the atomio weight of the 
halogen. For the action of carbon *ee Watbb Gas. 
Water reacts with bsisio oxides to form alkaline 
hydroxides, and with^manynon-metaliic oxides and | 
the highest oxides of some metals to form acid 
hydroxides (acids). It also unites with many salts, as 
what is called water of crystallisation, thus CaCljBH/), 
CnSO^HjO, FeSOJHjO, K^Fe(CN),3H,0, and a vast 
numl^ more. The last three whose formulae arc 
given axe coloured blue, green, and yellow res¬ 
pectively, but the anhydrous salts are all white; so 
that some coloured salts owe their colour to their 
water of crystallisation. It is worthy of note that 
many salts which crystallise with water of crystal¬ 
lisation have in this state a volume equal to that 
of the water they contain when in the form of ioe— 
e.jf. the gram molecule, Na,CO«l0H|O, has the same 
volume as lOH^O in the form of ice. See aleo 
Werseb’s Tueobt. Fot the behaviour of water as 
a solvent, eee Solutioks. Water is produced when 
hydrv^en burns iu oxygen or air; in this reaction 
bydro^ peroxide is first fonn^, either wholly 
or in part, and this is decomposed at the high tem¬ 
perature into water and oxygen. The production of 


hydrogen peroxide is shown by direoting the flarne 
of hydrogen burning in air against ice, and testing 
the melted ice for the peroxide. Water is also 
formed when compounds pf hydrogen bum in nir or 
oxygen—s.y. when ammonia burns in oxygen, and 
coal gas in air ; it is also formed when aa add acts on 
an oxide, hydroxide, or carbonate. In the formation 
of water from its elements mn(^ heat is evolved; 
the production of 18 grams of water.nt 18° from 
its elements evolves 67‘9 large caJories (1 large 
calorie = 1000 small calories). When hydrogen a^ 
oxygen are mixed in the right proportions to form 
water, and a light applied, the union is very rapid 
(in long tubes it occurs at about the speed of sound), 
and it is this sudden evolution of a large amount of 
heat that is responsible for the explosion which 
occurs. The composition of water by weight has 
been determined in several ways. Professor Morley 
proceeded as follows: “. . . A quantity of hydrogen 
was weighed while absorbed in palladium, a quantity 
of oxygen was weighed in a globe, the two were 
combined, and the water produced was weighed. 
The two gases were brought together at two 
platinum jets enclosed in a small glass apparatus, 
which was weighed wiiile exhairsted, where they 
were made to combine. When the combustion was 
ended, the gas remaining in tliis combustion ap¬ 
paratus and tlie connecting tubes was extracted with 
a Tdpler air pump, lueasureil and aiialyrod. The 
combustion tube, the globe which bad contained 
oxygen, and the palladium tube were wuigheil again. 
From the amounts of oxygen aud bydn^eu ex¬ 
tracted were subtracted the amounts of the gases 
found in the analysis; the remainders were the 
quantities combined in the combustion appsiratus. 

. . . The amount of water produced was measured 
by the gain in weight of the combustion apiiaratus. 

. . . The volume of hydrogen used in most of the 
exj)eriments was forty-two or forty-three litres ; the 
amount of water produced was about thirty-fojjr 
grammes iu each experiment; twelve successful 
experiments were made. The amount of |;a8 left 
unburm d, and therefore measured in the eudiometer, 
varied from a six-hundredth to a ten-thousandth of 
the quantity conceroed.” The mean result is 2 parts 
by weight of hydrogen to 15'879 parts by weight of 
oxygen. The determination of the composition of 
water by volume has been made by exploding large 
quantities of oxygen and hydrogen in small known 
quantities at a time, and determining the composition 
of the residue at the end. At 16* one volume 
of oxygen unites with 2*00246 volumes of hydrogen 
(Scott). 

.Natural waters arc never pure. When pure water 
is required in the laboratory, ordinary tap water is 
distilled. Water which has been distilled from tap 
water is pure enough for most purposes, but if required 
quite free from ammonia and organic matter and 
minute traces of substances carried over by spirting, 
special measures must be taken. To get water free 
mim ammonia, some potassium hydroma sulpuate 
may be added to the water before distilling; to get 
it free from organio matter and ammonia, the water 
must be boiled for some honra, in a fiaak provided 
with a reflux condenser, with poti^ium perman¬ 
ganate and caustio potash, then distilled. The first 
portions of the distillate will contain ammonia, but • 
the succeeding portions will be frea The distillation 
must not be continned too far, or contamination from 
spirting results. Very paro water can she obtained » 
by the appmatus shown in the figures. Fig. 1 shows 
the compete apparatus. Fig. 2 shows the still* 
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which is provided with a constant level arrangement 
B, V, an oponigg for cleaning, A, halHc plates starting 
at D to prevent spirting, and a cover, B, to prevent 
lo.ss of boat; the arrows show the direction taken by 
tho steam. Fig. 3 shows the condensing arrange¬ 
ment, whicli a coijper box, 
into the top of whieh f«)ar 
glass tubes fire lot, each i)ro- 
vided with inlet and delivery 
tubes for condensing water? 
below each tube is a funnel* 
shaped tube which collects 
the wsdor and dcliicrs it into 
a bottle plsiocd below, tin' 
bide tube brings in the steam ; 
tube 6 can'ies away the water 
which condenses on the metal 
of tho condenser. A rapid 
stream of cohl water passes 
tfi^ough tubes 1 and 2, a blow 
stream tlirongh 3 and 1—^this 
also feeds the still. Tubes 1 
and 2 give the best water, 
and tnl>e 6 gives the worst. IVatcr having a 
conda(‘ti\ity of one reciprocal megohm can be ob¬ 
tained Iron) tulK'S 1 and 2 by adding a little putus- 
binm hydtngcn sulphate to the water in the still, 
and by boiling this water in a platinum vessel its 
conductivity is roduccsl by half, w hen it has a con¬ 
ductivity ten times that given above for the purest 




water yet obtuned. This purest watw was ohtaja^ 
by Kohlraosch and Heydweitcr, who distUlM 
in a glass vessel under a pressure of 001 nun. atef- 
oury; tho glass vessel employed had been in OonstaiMi 
use for ten veers, so that the soluble portion^ of the 
glass had been practically all removed (they say 
they inly obtained the above result with one out of 
a seiies of vessels wliich they used). In such water 
the imparity is about 1 part in 100,000,000 parts, or 
aiioat 10,000 times less than t he weight of the gases 
the water could absorb from the atmosphere. 

On the large scale, for drinking purposes, water is 
purified by nitration (ff-v.) $ee also SANlTAnoxr, 
Of the ordinary natut^ waters, rain water is tho 
purest, and contains on an average about 2 to 3 
parts of dissolved solids in 100,000, It contains the 
gases which it has washed cut of the atmosphere, 
and traces of solids such as common salt. In 
towns it invaiiably contains sulphurio acid, and 
prcKlucts from tho incomplete combustion of coal. 
Bpring and river waters owe their impurities to the 
ground through which they Itave pas-sed; thus an 
average spiing or river water will contain about 30 
parts of dissolvixl solids in 100,000. Many spring 
waters liave medicinal properties, for example, those 
at Ilarrpgate (sulphur wells), which contains sul¬ 
phuretted hydre^n, and ma^esinm sulphate and 
chloride; at Woodhall, which contains sodinm 
bromide and iodide, and much carbonic acid; at 
ITomburg, which conteins bicarbonate of iron, lithium 
chloiidc, soilium bromide and traces of iodide, and 
much commun salt and magnesium chloride; at 
Vichy, which contains very large quantities of the 
bioaibouates of sodium, calcium, and magnesium; 
a4 Tltinytldi J&nos, which contains very largo quan¬ 
tities of magne-iuni and sodium sulphates. Sea 
water contains about 3,900 parts of dissolved solids 
in 100,(M'O parts. The solids consiat of the chlorides, 
sulphates, biomides, iodides of sodium, magnesium, 
;jotas'-ium, cqlciuni, and lithium, the io'iinc and 
lithium licing present in minute amount only. 
Waters used for w'asbiug purposes are classified as 
hard and soft. The.sc terms reiato to the act ion of 
the water on soap; a water which } iclds a lather with 
dilticuliy is called hanl. To explain the action of a 
hard water on soap, wc sliall suppose that soap is 
sodium stcaralo, NarigUatO,. Boluble salts of cal¬ 
cium and magnobium act on* soap thus: * 

(’aSO, + 2NuC,8Ha,0^=.Ca(r,aH«,0,)a + NOaSO, 
Calcium Btcamti!. 

Now calcium and mngne.sinih stearates being in¬ 
soluble in water, separate as solids, and this goes on 
until all the calcinm and magnesium salts pn-sent in 
the water arc rcmoveil as calcium and magnesium 
stearates, after which tho soax> begins to dissolve in 
the water and ])ri«luccs a lather. Thus the harder 
tho water is, the more soap will it rt'qnire before a 
lather can be formed. Tho four salts which com¬ 
monly cause water to be hanl arc the acid carhonntes 
and the suliAiatos of calcium and magnesium. When 
water containing the acid carbonates of these metals 
in solution is either boiled or treated with milk of 
limo (we Calcium Compounds), they are converted 
into the normal carbonates, which axe nearly in¬ 
soluble in water: > 

Ca(lirO,), » CaCf^ + H^O + CO, 

Ca(HCO,), + Ca(OH), - 2CaOO, + 2H,0, 

That is, the hardness doe to the acid carbonates is 
removed; this kind of hardness is therefore called 
Temporary Rardnc s. Tlic sulphates of calcinm and 
magnesium eaxmot be removed by boilingi and lime 
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^ter has no action on oaldum sulphate, while it 
would only replace magnesium sulphate by its equi¬ 
valent of calcium sulphate. The hardness due to the 
sulphates (and chlorides if present) of these metals 
is therefore called Permanent Hardness. Both 
temporary and permanent luudness can be nearly 
oon\pletely removed by the addition of both milk 
(»f lime and caustic soda in proportions determined 
on after analysis: 

Ca(HCO*), + CaSO^ + 2Na0n = 2CaC0, + 
Na,RO« + 2Hp, 

excess of acid calcium carbonate being removed by 
the milk of lime. Natural waters such as spring, 
well, and river water are often oontaminatetl by 
drainage from cultivated land and by the addition 
cif sewage. Such waters contain organic matter and 
the prod^ucts of its decomposition, such ns ammonia, 
nitrites, nitrates, and sodium chloride (from mine). 
The ammonia in such water is estimated by making 
it alkaline, distilling over tbe ammonia, and com¬ 
paring the colour given to the distilLite on adding 
Kessler’s Reagent, with tliat produced by the same 
reagent in known amounts of ammonia. An idea of 
the organic matter can be obtained by distilling the 
residue from the last distillation with alkaline 
potassium pcrmangauale, when a portion of the 
organic nitrogen is converted into ammonia, which 
distils over and is cstira.ated as before; also the 
water is treated with potassium permungaiiutc and 
sulphuric acid, when the organic matter is oxidised— 
in an analysis these last two results are returned as 
albuminoid ammonia and oxygen absorbed re.six!c- 
tively. The nitrites arc estimated by the depth of 
colour they produce in an acidifled solution of mc^- 
phcnylene diamine (tee BlSMAilCK BnowN); and the 
nitrates are reiluced to ammonia by a zinc-copper 
couple and the ammonia is distilled over and esti¬ 
mated as l>cfore—the nitrites and nitrates arc 
returned as nitrogen. A water for drinking purjioses 
should not contain in 100,000 parts over 'OOS jKirts 
ammonia, *01 parts albuminoid ammonia, '] part 
oxygen ab.sorbed in one hour, about ’2 ijarls of 
nitrate expressed as nitrogen, 2 parts of total 
chlorine; it should contain no nitrite. But these 
numbers are all subject to allowances for the source 
of the water. A drinking water should always be 
examined bactcriologically as well as chemically. 

W. 11. H. 

Water Bar (Build.') A longitudinal bar of metal 
let into a groove between tiie wood and stone sills 
of a wiiSdow to prevent water from penetrating the 
joint. 

Water Battery (Blect.) A series of simple cells 
having copper and zinc plates immersed in water. 
It is chiefly useful in the calibration of electrometers. 

Water Colonr Painting See baiktinu. 

Water Coeled. A term applie<l to machinery or 
apparatus which is surrounded by a space in or 
through which water flows, to carry off heat and so 
prevent undue rise of tempemture. Tbe cylinder of 
a gas engine, etc., is commonly water cooled. See 
Pbtbol Engine, y?. 614. 

Watered Tabby (Silh Manufac.) Plain silk woven 
as tabby (q.u.) a coarse weft being used. The 
watered effect is obtained by pressure between 
rollers. 

Water Oae ( Chem,.) A mixture of hydrogen (about 
60 per cent.), carbon monoxide (about 40 per cent.), 
earboa. dioxide (about 3 per cent.), methane (about 
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0-6 per cent,), nitrogen (about 4 per cent.),’’and 
traces of other gages, especially sulphuretted 
hydrogen, the mixture being produced by bloi^lDg 
steam over fuel such as ooke hekted to a suffioieiitily 
high temperature. Many forms of apparatus are & 
use for the manufacture of water gas, particularly in. 
the United States of America, where it is used on an. 
enormous scale. The method of working Is as ^ 
follows:—Air ifi drawn over burning coal or coke 
by an exhausting pump, the gas from, the burning 
fuel is led over brickwork, which is thereby heated 
to a high temperature, and it may then be used to 
heat a boiler: this gas is producer gas, and is com¬ 
bustible, but has not (he same value ns water gas as 
a calorific agent; it is utilised if ]>ossiblc. Wtien the 
brickwork and fuel are hot enough, steam is blown 
through the heated brickwork ami then over the 
fuel; tbe gas so produced is water gas, and it is sent 
to gas holders. The reaction between the steam 
and coal is strongly endothermic, so that the tem- 
poratnre of the fuel falls: wlieii it lias fallen low 
enough air is drawn over tbe fuel again, and so on. 
Tbe principal reaclicns arc 

C + li.,0 =.CO + If. 

C + 2U„0 = CO, + 2ll.,. 

The former ab.soi-bs 27,700 small calories, the latter 
17,ICO. At 1,000° tlie former reaction occurs almost 
to (he exclusion of tiie latter, but at (i(iO° the reverse 
is tile case; but even at the higher temperature 
excess of steam must not be usc-d, or it will react 
with the carbon monoxide, forming the dioxide and 
bydrogen. 

Water gas burns with a blue flame; it requires 
about half as much air for its combustion as co^ gas 
does; its “calorific power’’ is about liiilf that of 
coal gas; in British Tiiermal Units it amounts to 
iilxiut 300. (“Calorific power”=ihc intiuber of 
British Thermal Units evolved by the combustion of 
1 cubic foot of the gas. The B.T.U. is ihe he»t 
required to raise 1 yxiuiid of water fium G()“ F. to 
= 262 calories). Water gas is extremely poisonous 
on account of its large percentage of carbon monoxide 
and as the gas has practically no smell tlic use of 
the puro gas is not free from danger. In 1S89 two 
workmen employed at the Leeds Forge Works were 
poisoned by the gas in a cabin—a cooking store 
supplied by the gas bad been turned on and not 
lighted; and two days afterwards several medical 
men performing the post-mortem in a room containing 
some gas burners ptrtly turned on but unligbted, 
experieaced symptoms of carbon-monokide poisoning. 

Wafer gas having no illuminating power can only 
bo used for licating purposes, or with a Welsbach 
or similar mantle for illuminating purposes. When 
required to be used for lighting as well as for heating 
purposes it is “ carburetted ”—that is, mixed with 
oil gas and heated to a high temperature, whereby 
hydrocarbons tliat bum with a luminous flame are 
added to the gas. W. H. II. „ 

To enable an escape of tbe gas to be easily detected, 
a small quantity of a vapour having a prononneed 
smell is sometimes added to it—a trace of carbon 
disulphide serves the purpose. 

Water Glase (Chem.) See Soluble GitASSamf 
SfBriDH Compounds. 

Water Olase Paiathig. See Painting. 

Water Joint (Build.) A device used in jointing 
stone cornices, etc. A ridge is formed on each side 
of the joint on the top surface, to throw off the rain 
and prevent it getting into the joint. 
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Waiter LMik. A Wateb Seal (?.«.)• 

VaUirmaFk (Papei' Mmu/ao.) The traneparent 
paroe or pattern produced in paper by the “ dandy 
roll ” or other means." 

^ater Heten. There are two principal kinds of 
water meter, tlio most accurate type being the I'osi- 
.TDiVK .Mkthb, in which the whole of the water 
’ supplied passes through a cylinder fitted with a 
piston whose movements are recordfed by suitable 
mechanism. ‘For large supplies a Tubbike MMTBn 
is used, in which a small water turbine (g’.p.) is driven i 
by the current of ws^|:er, and tlio revolutions of the 
turbine recorded by mechanism. From this the 
amount of water which has flowed through tiie meter 
may bo found. 

Waterproof (Woollen or Worsted Manvfao.') A 
cloth which has been chemically treated to make 
it impervious to wet. See also under Eubbee. 

Waterproof Paper. The Wlllesdcn paper con¬ 
sists of orchiiary paper passed through a bath of 
cupro-ammonium (a solution of copper in ammonia). 

Water Beal (Pltmh). See Seal and Sanitation 
(SEWEBAWK AN» DEjUNAUE),^, 038. 

Waterspout (Meteorol). Cloud brought down to 
the land or water surface by a mijid gyrating 
motion like that which taJics place near the wntre of 
a timiado. Wlien occurring over a water surface, 
the level of this surface is slightly raused. 

Water Supply. S^e Sanitation, y?. 636. 

Water Twist ( Cotton Mannfac.) A noted .stronjy, 
round and uniform yarn, spun on the flyer or tlirosile 
frame. Originally spun on Arkwright’s water frame. 

Water Waste Preventer (Sanitation). A flushing 
npi)aratus which sei'vcs to break the connection 
between the water supply pi^ie and the water clu.set. 
'J’l)e mo.st ordinary forms in use are the "valve 
cistern ” and tlie “ siphon waste preventer." In the 
former water only flows so long as the chain is belli. 
It is open to objection, as the cistern is liable nut to 
to te completidy emptied. In the siphon wa.ste 
preventer one pull of the chain is suflicicut to put 
tlie siphon in action and discharge the entire con¬ 
tents of the cistern. Water waste preventers should 
be fixed at a height of not less than 4 feet above the 
basin in order to secure a proper flush, and should 
contain not less than 2 gallons of water, the service 
pipe being or I.) inches in diameter. 

Water Way (Plumb.') The aperture through a 
cock or valve when open. 

Watt (Elect.) The unit of power in ordinary 
electrical practice. It is the energy furnished in 1 
second by a current of 1 ampere flowing under a 
potential diflerenoo of 1 volt— i.e. 1 Joule (q.v .)— 
per second. One horse power (q.v.) equals 746 
wa^. 

Watt Hour (Elect. Eng.) A unit of supply of 
electrical energy, being a supply of 1 watt for 1 horu'. 
The commercial unit is 1,(KH) watt hours, and is 
known as 1 Board of Trade Unit (1 B.T.U.) 

Wattless Current (Elect.) The number of watts 
supplied by an alternatli^ current whose virtqg.1 
value is C, virtual voltage E, and angle of lag is 
CS cos If the current be reg^ed as resolved 
‘*into two ooftponents, one being C cos which is in 

phase with the volts, and may be termed the WOBK- 
INO CUBBENT, and the other G sin which differs 


in phase from the volts by 9(F, and contiibutes notfaihg. 
to the watts, then this second component is tbs 
Wattless Cubebnt. 

Wattmeter (Elect. Eng.) An instrument for 
measuring the power supplied to any electric circuit; 
in direct current circuits this is the simple product 
of the current in amperes, by the voltage. Fot sdter- 
nating current circuits it is CE cos ^ where C and~& 
.ire the virtual cunreat and virtual voltage, and the 
angle of lag. 

Watt’e Indicator and Indicator Diagram (Eng.) 

S'C INDICATOB, etc. 

Wavellite (Min.) Hydrous phosphate of alumina; 
orthorhombic, usually in small spheres having a 
radial structure; nearly perfect cleavage; colour 
white to brownish. Found in Devon and Cornwall, 
Scotland, Ireland, Central Europe, United States. 

Wave Hoolding (Arcbiteet). A moulding very 
freely used in decorated Gothic work. It consists of 
two ogee (q.v.) mouldings, forming a hollow with a 
swelling in the centre. 

Waves and Wave Motion (Phys.) A wave is a 
periodic disturbance which is passed on continuously 
from one part of a medium to the next. The dis¬ 
turbance or motion of the individual particles of the 
medium may take different foms. In water waves, 
in a vibrating string, and in light waves, it is at right 
angles to the direction of propagation of the wave ; 
such disturbances are termed Tkansveesb Waves. 
lu the transmission of sound through air, the dis¬ 
turbance occurs in the same direction as the propa¬ 
gation : the disturbances are termed Longitudinal 
Waves. The velocity of a wave is the rate at which 
the disturbance travels. Generally speaking, if E 
be the elasticity of the medium, and p its density, 
the velocity V is— 



Here E is the particular modulus of elasticity con¬ 
cerned in the propagation. For a sound wave in a 
gas it is tite volume elasticity, for a longitudinal 
wave in a solid rod it is Young’s modulus, and for a 
torsional wave it is the simple rigidity. For a cord 
or string whose mass per unit length is m, and 
which is stretched with a tension T, the velocity 
of a transverse impulse is— 



The Wave Length is the distance from any given 
particle in the medium, to the next particle whoso 
displacement and motion are similar. In water 
waves, for example, it is the distance from crest to 
crest, or hollow to hollow. If n bo the frequency of 
the waves, i.<J. the number which are produced, or 
which pass a given point, in unit time, and if Y be 
the velocity and X the wave length, then V >=> n\. 

A Wave Feont is a surface (or line) drawn through 
p;irticles of the medium which arc in the same phase 
of vibration. If the waves be in two dimensions, as 
in the case of water waves, the surface becomes a 
line; thus if a stone be dropped into still water, the 
waves travel outward from the point of d^sturhauce, 
and the wave fronts are circles, made readily visible 
by the successive crests and troughs. Waves may be 
described according to the geometrical form of the 
wave front; e.g. a SphebzcaU Wave, such as travels 
through free air from a sounding body, a Puine 
Wave, etc. 

A line coinciding with the direction of prope^tion 
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cf tie distarbanoe is tsmed a BA7. In the case 
inentioned, the ra^s are actual radii of the oiroles, 
and obviously at right angles to the wave front. 

WaveSy Electric (P%t.) When an osoillatoiy 
discharge ) oucurs, a portion of tho energy is 
given off from the circuit and sets ttp in the sur¬ 
rounding medium the form of radiation known as 
Electric Waves, which closely resemhle light and 
beat waves in their physical properties. See 
Badiatioit, p. 691. 

Electric waves are usually produced by the passage 
of a spark between two polished metal balls, which 
are charged up to a high difference of potential by 
means of an induction coil. The frequency of the 
waves is the same as that of the otcillatory discharge, 
and therefore varies according to the self-induction, 
resistance, and capacity of the circuit in which the 
discharge occurs. Waves so produced are delected 
in several ways, of which the most important are the 
Besokatob and the Cohbbbb. The Kesonator con¬ 
sists of a simple circuit, usually of tliick wim carrying 
metal balls at its enrls, which are bent round till 
they nearly meet, and so form a narrow spark gap. 
If the resonator be correctly “ tuned " or adjusted in 
size, the presence of electric waves can be detected 
by sparks pnxluceil between the metal balls. The 
Coherer consists of a small tube containing metal 
filings, inclurleil in series with a galvanometer and a 
cell, or with a delicate relay actuating ordinary 
telegraphic instruments. The normal resistance of 
the filings is so great that no appreciable ourrent 
flows in the circuit, but directly electric waves impinge 
on the coherer it faecoroc.s a conductor, and a current 
flows through the galvanometer, producing a rcf d- 
able deflection. If the coherer be now tap[M3d 
lightly it retunis to its former condition, and the, 
current stops. 

Electric waves can be reflectwl by plane or carved 
mirrors, and brought to a focus by the latter. Ibey 
can be lefracted (Hertz used prisms made of pitch 
for this purpose), and they can ^ polarised. Measure¬ 
ments can be made of their wave length and their 
veloi'ity, which latter is found to correspond very 
closely with that of light. 

Wave Theory {Phy$.) The theory which explains 
the phenomena of light and other forms of radiant 
energy by the formation of waxes through an in¬ 
visible medium, the Ethbb, which fills all space. 
The Wave or Undtjiatoby TiiKORy superseded 
the earlier Cobpuscci-ab or Emissioh Theobt,- 
(which assumed that a luminons hotly cmittetl small 
particles which travelled tbrougli space at a high 
velocity), and furnishes an explanation of all known 
phenomena of the nature of light. 

Vavy ( Her.) A bar, bend, or other ordinary (o.e.) 
may be represented “wavy” or curved with three 
undulations. Wavy or nnd6e is also one of the forms 
of partition lines. See Hebaldby. 

Wavy Bale ( Typog.") Brass rule, the face of which 
is in the form of waves. 

Wax iChem.). A name given to many substances, 
of animal and vegetable origin, of very different 
chemical composition, but possessing some of the 
physical properties of beeswax. A true wax con¬ 
tains one or more of the follovring classes of com¬ 
pounds ;''(1) An ester compo^d of a higher fatty 
acid and a higher fatty alcohol; (3) An ester com¬ 
posed of a higher fatty acid and glycerine; (3) A 


hoe i^ty acid. Of these (1) must he a eonstitnent. 

ITox. A(er(l>, aMr(S}. JMtyaeutfS). 

Besswax. KyVioyl ~ , CSsRitlesnid 

(See P«uiiTio Acid) 

C«rjl ceroutc. 

CblDSse wax Cni7l earotata. ... 

(Su Cebvl AncoaoL) 

Japan wax _ Olyoeiyl pabattata Pajtmltia aotd 

Siienuaoeti Cetyl palnitate — — 

Paraffin wax is on the above definition not a wax at 
all; it is a mixture of the higher solid hydrocarlxm 
of the paraffin series. See alto BOSWAX: 
Bpebmacsti. • 

Waxed Leather {Leather Mamtfao.) X4eather 
finished flesh side ontwards. The leather Is coated 
with a size or waxing solution made of oil, lamp¬ 
black, and gelatine, itometimes small quantities of 
various waxes are used to give a good polished 
appearance. 

Way Leave, Way Lease. Permissioa obtained 
from the owner for the carrying of a pipe, wire, etc., 
aerxTSs any property. 

Ways (JSng.') (1) LongltndiDal gnides for a fhblo 
which supports and advances work in the direction 
of the operating tool. (2) The massive timbers along 
which a ship slides into the water when being 
launched. 

Wealdea Rocks (Geol.) Tho lowest division of 
the Orctaceous system, resting on tho Jurassic Roctos. 
See Strata, Table of (Appendix). 

Weather {Meteorol.) The atmospheric conditions 
that prevail at any particular moment or daring a 
short period of time as shown by the meteorological 
elements. See MiSTBOBOLoaY. 

Weather Boarding (Carp, and Join.) Feather- 
edged boards fixed horizontally, the thick edge of 
one board overlapping the thin edge of the next. 
Used on roofs and walls of wooden buildings. « 

Weathering {Build.) Forming a sloping sur^e 
on sills, etc., in order to throw rff rain water. 

- C Geol.) The pnniess of decomposition which 

occurs in the superficial layers of rocks where 
they are exposed to atmospheric influences. 

Weather Lore {Meteorol.) Sayings relating to 
weather based on observations of weather sequences 
and noting the foreshadowed effects of certain 
atmospheric conditions on objects animate and 
inanimate. 

Weather Maps (Metetvol.) Charts which show 
the prevailing atmosplieric conditions at any parti¬ 
cular moment of time. 

Weather Moulding {Architect.) See Hooo 
Mould, 

Weaver’s Warp or Web {Teadilet^ A warp 
containing a number of ends placed side by side 
and wound or coiled in laps on a beam ready ioathe 
loom. 

Weaving. See Loom, Cotton, Linen, Silk, 
Wool. 

Weaving Plan {Weaving). A plan showing the 
working design on the least number of healda, shafts, 
and picks possible. From this the tappets are set, 
or dobby lattices are pegged, so as to produce the 
correct ^ttern in cloth. Other terms are: tappet 
plan, lifting plan, pegging plan, tieHip.* * 

Web (A’ay., Build., etc.) The central vertical part 
between tiie flanges of a girder. 
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{Paper MuHitfae.) Tiie term aen»ny applied 
to tbe sheet of paper as it comes vet from the machine 
v!re^ 

—— {Wea^np'), (1) The warp in a loom. (2) 
The whole piece cloth woven in the loom. (3) A 
piece of linen cloth of specific size. 

Webmr {Meet.') An old term for the Amp2bb (jr.o.) 

Web Glass {TerWee), A glass used fos counting 
the nnmber of threads in a given space of the cloth 
to find the set or fineness. 37", 38", and 40" are the 
glasses most eommooly need in Ireland. These are 
respectively the 200th part of 37, 38, and 40 inches 
as the set of the cloth la so many 200 threads in 40" 
in the red, or 38" of brown cloth, or .37" of white 
cloth, or something near to this. But. 

Web Msehine (PritU.') A printing machine on 
which the sheets are carried forward to the impres¬ 
sion cylinder by means of tapes. 

Websterite {Min .) A hydrons snlphate of alnmlna, 
Al.^ tK)„. 911,0; occurs in earthy white masses in Kent, 
Hussex, and oTsewhere, usually in the chalk “ pipes.” 

Wedge Photometer {Attron.) See I'hotombteb. 

Wedgwood Wwe. Josiah Wedgwood (17.30— 
1795) commenced bnsinoss on bis own account in 
1769. He took Thomas Bentley into partnership in 
170H. His manufactory at Etruria, Staffordshire, 
was opened in 17G9. The name of We<lgwood will 
ever remain associated with some of tlic finest 
keramic productions of the eighteenth century. The 
Jasper Cameo wares, the black basalt statuettes, 
and the models by Flaxman, as well as the classical 
forms, are of the greatest beauty. 

Weft, Woof, or Shoot {Tejctile Jfmv/ae.) The 
yrft;)! or tiircad a<ldcd to the warp in weaving by 
means of the shuttle passing to and fro from selvedge 
to schedge. Also termed “abb" in the West of 
England, and “filling” in America. It is usually 
spun softer than llio warp yam, being twisted less. 
“ Cop ’’ weft (s-v.) is genc^ly twisted in the opposite 
direction to warp (y.u.) 

Weft, Backing {Textile Manvfae.) Special yam, 
usually thicker in counts than that used for the face 
weft, and confined to the back of the cloth in 
weaving, for giving weight and substance. 

Weft Fork {Tesrtile Maaufac.) A simple and 
ingenious contrivance for stopping a loom auto¬ 
matically should the weft in shuttle break or become 
exhaust^. 

Weighting {Textile Memufae.) The variable 
amount of tension required to be applied to beams 
or vwrp to keep the warp yams in proper position on 
the loom: or in lace manufacture to obtain various 
effects. See LOOM. 

WeighU and Heaenvee. The English standards 
of weights and measures are derive from certain 
arbitrary standards preserved by the Board of Trade. 
The chief of these are the Yabd, which is legally 
defined as the distance between two marks on a 
standard metal bar, measured at 62” F,, and the 
fouKD, of which toe standard is the mass of a 
certain piece of platinum. Duplicates of these 
standards, which ^ve been aoenrately compared 


with the origioalsi, are alto prestoved in 
places. ' 'I'i. _ ,>' 

I. BNQtasa MBAttntBS. ' ’ '"1 

(1) (Linear Heasme). ' 

12 inches (ijSs.) == 1 foot ' < 'r 

8 feet as 1 yard (yd.) 

fii yards as 1 rod, pole, w perch. 

40 poles (220 yards) sa 1 forlong. 

8 furlongs ss 1760 yards m 1 miK 

1 geographical mile as 6082*^ feet. 

1 nanticml mite sss 6060 feet. 

3 miles sss 1 league. 

Surveyors use the following: 

1 chain a= 100 lin^ ss 22 yards. 

EleotricianB use a unit termed a mil. 

1 mil s= *001 inch. 

Miners and sailors use the fathom =a 6 feet (apptox- 
imately). 

(A cable s= 100 fathoms, 10 cables as 1 geographical 
mile.) 

(2) Area (Square Measure). 

144 square inches as 1 square foot. 

9 square feet as 1 square yard. 

30J yards as 1 square rod, 

pole, or perch. 

40 square reds sa 1 rood, 

640 acres (3,097,600 square yards) = 1 square mile. 
Surveyors use: 

484 square yards as 1 square chain. 

10 square chains as 1 acre, . 

(.3) Volume (Cubic Measure). 

1728 cubic inches a= 1 cubic foot. 

27 cubic feet = 1 cubic yard, 

4 gills as 1 pint. 

* 2 liinl.x =s 1 quart. 

4 quarts = 1 gallon as *16057 cubic feet, 

» 2 gallons as 1 peck. 

4 pecks as 1 bushel. 

8 bushels as 1 quaiter. 

A great number of other measures are used in 
various trades, e.y. various multiples of the gallon, 
which are employed by dealers in wine, spirits, etc, 

(4) Weight. 

AVOIKDUPOIS WEIGHT, 

16 drams as 1 ounce (or.) as 437'5 grains. 

" 16 oz. =1 pound (Jl.) as 7000 grains. 

28 lb. aa 1 quarter. 

4 qrs. as 1 hundredweight {ewt.) aa 112 lb; 

20 cwt. as 1 ton = 2240 lb. 

TROy WEIGHT. 

24 grains aa 1 pennyweight {dwt.) 

20 pennyweights = 1 ounce (or.) a= 480 ^ins. 

12 ounces aa 1 pound. 

The ounce troy is legal (but not compulsory) for 
too sale of gold, silver, precious stones, etc. . 
APOTHECARIES WEIGHT. 

20 grains as 1 scniple. 

3 scruples sa 1 dram, 

8 drams aa 1 ounce. 

The grain, ounce, and pound in Apothecaries 
Weight are the same as in Troy Weight. This 
measufo is legal (but not compulsory) for the sale^ 
of drugs. 

(6) Angular Meatvre. 

60 seconds (60') = ^ minute (lO- 
60 minutes (60') sss 1 degree (1®). 

90 degrees (90“) s= 1 lii^t angle. 

( 6 ) MeamretMTim, 

60 seconds as 1 minute. 

60 minutes ati 1 hour. 

24 hours aa 1 day ss 86,400 seconds. 
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, ■ H. Mbtbiq-,S:^t?>!, vThis is a decimal’ afsteia 
' of wei^jjts .ami nieasurea, la which oaljr^i^altipes 
•''dO an employed. It is osed by most ooatiaeatal 
. cdim^ries and their colonies) and in most scieQldfio 
' wore. 

The standai'd of length is the Metbe, which was 
intended to be one ten-millionth o|, the earth’s 
'‘^iindmht} it is now defined by a standard bar termed 
the Metre (Ue Arokivee, preserved by the French 
Government. 

The maltiples and sab*mnltiples of any anit are 
denoted by the following prefixes: 

liy prefix Milli-. 

« » » C’ENTl-, 

* -A .. ,, Daci-. 

iO units by the prefix Deoa-. 

100 „ „ „ IlECIO-. 

1,000 „ „ „ Kilo-. 

10,000 „ „ „ Mybia. 


(1) Letigch. 

10 millimetres («m.) = 1 centimetre 
bO centimetres = 1 decimetre. 

10 decimetres •* 1 metre (m.) 

10 metres ' = 1 decametre. 

10 decametres = 1 hectometre. 

10 hectometres = 1 kilometre, 

The metre = 39'37 i inchea 


(2) Area., 

100 sq. mm. = 1 sq. cm. 

100 sq. cm. = 1 sq. decimetre. 

* 100 sq. decimetres *= i sq. metre, 

-100 sq. metres = 1 sq. decametre or 1 are. 

In measuring land, the are and its multiples are 
employed. 1 hectare = 2*471 acres. 

(3) Volume. • 

The cubic centimetre and its multiples are used; 

a special name, the Lithe, is given to the cubic 
decimetre (iOOO o.c.) and multiples of this measure 
are used. A cubic metre is termed a Steed, 

The litre = 1*76 English pints. 

(4) Weight. , 

The unit is the gram, which was intended to be 
the mass of a cubic centimetre of water at its 
maximum density. In practice it is xi?f,o th® 
Kilogramme de$ Arehieee, (fj. Metre.) The usu^l 
multijde.*-, etc., are used; a special name, the Toxse, 
is given to 1000 kilograms. 

1 gram = lu'4.32 grains. 

1 tonne = *9842 ton. 

1 pound — 453*593 grams. 

6. Angular Meamre. 

A decimal division of the right angle was drawn 
up in the eighteenth century, but is not in practical 
use. It was as follows: 

100 seconds = 1 minute. 

100 minutes = 1 grade. 

100 grades = 1 right angle. 

Weln A weir i.s a barrier placed 

across a stream in order to raise its level. Bolid 
W sxBs are banks of masonry, stones, piling, etc., 
usually of a triangular cross section, or walls of 
masonry, which may be combined with concrete. 
Dhaw Doou Weies possess vertical sliding doors, 
which can be raised in times of flood. A good 
<acample is found in the weir at Bichmond (Surrey), 
in which doors 12 ft. high are raised and lowered 
by cables from the footbridge above. Movable 
Weibs are more or less temporary barriers; there 
are varions forms, of which some of the commonest 
are as follows; Needle Weibs consist of a row of 
timbers placed vertically (or nearly so) across the 


stream, thee bases resting against a sill, the. tops 
against a continuoua bar crossing the river. Thqy 
areehieflyfound in France and the LowCCuntJiea. 
Panel wsiffis are of somewhat similar type, but 
wooden jiancls are substituted for the narrow timbers. 
CUBTAIN Weibs liave a rolling partition, Bome\Vhat 
like the rolling shutter used in shops, special forms 
of hinge being used in order to produce a water¬ 
tight joint.’ Dbum Weiks have a sliutter or leaf, 
lunged along one end aud* rotated iti a Bedu or 
quadrant sliaped cavity. 

Weld {.Eng.y etc.) Welding is the process of form¬ 
ing a homogeneous joint between two pieces of iron 
(or mild steel) by heating them to a high tem¬ 
perature, termed a Weldjkd TIkat, rapidly cleaning 
oft slag turd other surface impurities, and pressing 
and hammering them together. A flux, such as 
clean sand or borax, is commonly used to facilitate 
the removal of oxide, etc., from the sniface. 

Welding Heat (.Eng., etc.) A temperature of 
2500*’ to 2700“ F. in the case of wrought iron j steel 
welds at a lower temperatuie. 

Weldon Process (CJtem.) A process employe^f to 
recunvert the manganese chloride obtained in the 
preparation of chlorine from manganese dioxide and 
hydrochloric acid, into manuiiuese dioxide again. The 
liciuor from the chlorine still i.s allowed to settle ; it 
is then neutralised with chalk, which also precipitates 
iron (present bi native mangane.'-e dioxide); the clear 
liquor from this process is mixed with milk of lime 
heated to 65“, and air blown through it. This 
oxidLses the iuangane.se hydroxide precipitated by 
the milk of lime to mcinganf!.so dioxide, which unites 
with some of the calcium hydroxide to form calcium 
manganite: tlie latter settles on standing—the 
deposit, known as Weldon mini, is used to geuerate 
chlorine CaMnOj + tUlCl = Gat'l.j + MnCL i- 31ip + 
Clj. Much less chlorine is made in tliis way now 
than formerly, so that this process is net so much usptL, 

Wells. Wells are classified as Deep or Shallow 
accortUng to whether they do or do not pass through 
an imijermcable stratum of sufficient thickness to 
cut off the surface water The division is thus inde¬ 
pendent of the actual depth of tlie well. See 
Autesian Wells, Huallow Wells, Deep Well 
Water, and under Sanitation. 

Welsbaeh Incandescent Mantle (Cliem.) A 
mantle (y.r.) compose*! chietly of thorium oxide, 
with 1 jiei cent, of cerium oxide. See alto under 
Flame, j». 224. 

Welsh Harp ( MuMo). A harp having three rows 
of strings, the two outsiile rows being in unison, and 
the inner so tuned as to complete the chromatic 
scale. It has the strings on tlie right side, and is 
held on the left shoulder. The treble is played with 
the left hand and the bass with the right. See alto 
Habp, p. 429. 

Welt (Eng.) The strip of iron hud over a fintt 
joint (q.v.) 

Welt Joint (Plumh.) A joint formed by folding 
the edges of sheet lead, jduc, etc., one over the other. 

Wenlock'SerlM ( Geol.) < The middle division of the 
Silubian Books, equivalent to the Salopian (g.v.) 

Wevnerite [Min. ) A synonym for Scapolixb (q.v .) 

Werner’s Theory (Cltem.) Is an extension of the 
theory of valency so as to explain tfie formation,* 
constitution, and transformations of those complex 
compoonds whose formation, constitution, and trans- 
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formatrona appear to be otherwiae iocapablo o& 
explanation, l^’or instance, on none of ttie iwdinAry 
aHsamptiona as to the valency of any of tbe dfemonts 
of the following compounds can thoi* existence be 
interpreted: 

MgCl^BHA K,Co(NO,)., OrCNH.^Cl,, PtCl*K, 
Womer assumee that those atoms which are able to 
form what may bo called tho.central atoms of these 
complex compounds posses.^ two kinds of valency— 
a Principal and a Kubsidiary. Tho Principal Valency 
is the ordinary valency exhibited by the atoms in 
their simplest and moat stable compounds, or it is 
the valency exhibited by tbe c-lcment or group when 
it exists in solution as an ion. The Bubsidiary 
Valency is a residual valency exhibited by com¬ 
pounds formed from elements united by Principal 
Valency, and as sneh compounds can never be ions, 
or act as equivalent to ions, subsidiary valency may 
bo defined as a valency which unites to each other 
compounds which can neither act ns independent 
monovalent ions nor be equivalent to them, Com¬ 
pounds in whose formal ion only principal valencies 
are satisfied aie called compounds of tho first order ; 
cdkijiouuds iormecl by tho union of compounds of 
the first order aic called com^iounds of higher order. 
These definitions are illustrated by the following 
examples; (1) Biilpliur tiiexidc unites with water 
to form siiljihurie acid. This union is assumed to 
occur in the first ])laec by means of the subsidiary 
valency of the sulphur in the trioxide and the oxygen 
in the water. This aubsitliary valency is always 
shown by a dotted hue. The union is expressed thus: 
O O 

t)ri + on, OS... on^ 

o ■ o 

(2) A quite analogous case is the union of gold 
tiicliloridc with hjdtuchloi ie acid to form cbloroaurio 
acid: 

t'l Cl 

*, ClAu + CIH = ClAu ... Cin 

Cl Cl 


(3) riatinie chloiidc unites witli two molecules 
hydrochloric aiid and w'ith two molecules 
ammonia * 


,nCl CHI 
Sl*t 

'■MT cm 


nit. 

^*ci -vNn, 


of 

of 


In examples (2) and (3) the snbsicliaiy valencies of 
the coiupouiidh of the tiist older reside on the atoms 
joined by the dolti'd line's. It may bo obseived that 
on the ordinary tlu ory of valency gold chloride, 
platinic chloride, hjdiochlorie acid, aie all saturated 
compounds, jet uo fiiul them uniting to form quite 
stable compounds, and the same thing is observed 
in a very large miinber of cases, so that some such 
assumption ns that of subsidiary valency appears to 
bo fully justified. Tho pi in ijial valencies and tho 
siibsidiaiy laleneies in compounds of higher order 
af% not indepcmleiit of each other. This is shown 
by tho irequeney with which compounds of higher 
order are formed fiom compounds of the fiist order 
which contain <'oiniuon elements, by tho fact that 
many higher oxidis in tho fioe state are very ua- 
Btablc, wliilc their salts are quite stable, by tho fact 
that several higher chlorides, for instance, lead 
tetrachloride, are uiistabk', while their double chlorides 
arc stable, e.ff. (NH,)* PbCl., and finally by the fact 
that tho sqjj&idiary valency dejienda for its value on 
the nature of tho elements or groujis that satisfy tho 
prlnei]:«l valencies, e.ff .cadmium biomlde unites with 
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six ^olccoles of pyHdIine, evhlto’ i!bo*mitrkie t^jr 
takes tip two, Tho {number of ;Bal;leidifCd' 
of com^unds of the first order» is limiirtjji. 
number IS, of course, otyly capable of boing oidfiolitl' 
by considering all the compounds of hi^er prdbr 
that can be formed from the compound of the nrSt 
order under consideration. It probably never ax-' 
ceeds six; in platinic chloride, cobnltic sslts, in tho 
iron of ferricyanldes, and in the iron of forroc^anidor 
it is two, three, th^ee, and four respectively. The 
total number of atoms united directly to the central 
atom in comiiounds of higher order, whether they 
arc united by a principal valency or a subsidiary 
valency, is called the co-ordination number. The 
maximum co-ordination number in the majority of 
cases is six; but it varies with the nature of the central 
clement—in the coses of carbon and nitrogen it is 
four. How consider tho compound diammineptfitinio 

NH 

by boiling sulphuric acid; silver nitrate does not 
give a precipitate of silver chloride when added to 
its solution; its holntion shows no electrical con¬ 
ductivity.^ These facts show that the chlorine is 
quite incapable of behaving os the chlorine in an 
orclinaiy chloride—it is not ionisablc. By taking 
up ammonia it can yield compouficLs containing one, 
two, and four more molecules of ammonia. Those 
new compounds show electrical conductivity; at 
1,000 litres dilation the molecular conductivity is 
respectively t)7, 228, E23; tho chlorine becomes 
precipitatablc by silv i r nit rate, till in tho hoxamniine- 
nlntiniR chloride all the chlorine is {uecipitatable by 
(ulver mtrave. Compounds' such as the tri-, tetra-, 
and hexa-amraineplatiuic chlorides are callud Inter¬ 
position Compounds, because the entering ammonia 
molee.nles Lave displaced chlorine atoms in such a 
way that the amuiniiia molecules are now interiuised 
between tho chloriuo atoms and,the platinum atom^ 
and the chlorine, a.'- the ammonia has interposed, has 
become ionisablc. These relationships are indicated 
b> constitutional formula) as follows : 


chloride 


it is unacted on 


CL 

Cl>- 

Cl / 


.I't 


-NIL 


HU, 


(—Cl\ /NH- 

Lt'iX " .nh,_ 


Cl 


Iiuiumine ijlutiulc cbloiido. CblurotricunmUie platinic cbloiide. 

Hii; 


VI'' 


H't 


Nn’ 
Nil, 
MI, 


Cl 

Cl 


Cbldiuletiumuiua jdatmui cbluiidc. 


Cl - I't 


NIT" 
Nil, 
— NH, 
Nil. 
NIL 


Cl 

101 

01 


Ohloroi>enla>uiiiine i>latiiuc chloi tde, <Tbi8 is yet auknown.) 


■.— 

. Nil.- 



. Nil, 


rt 

NllJ 

NH, 

01 

01 


Nil, 

01 


■ Nil,- 

Cl 


UmtommUie plotinio chloilde. 

It is seen that in each compound theio are ^ix 



c(M>rtlinated atoms or groups: tbese groups are 
a-sutned to 000 :^ 7 ' tbo spaoe around tlm platinum, 
atom, while the other atoms-~tho 8 e outside the 
braohets--are regarded as being in an outer sphere, 
but still acted on by the oentnu platinum atonu It 
should be noticed that the maximum number of 
atoms that oau ocoor in the outer ephete equals 
the maximum principal valency of the central atom. 
Also, it is the atoms of the outer sphere only that 
are ionisable. The jdatiunm atom may bo assumed 
to be at the centre of a regular octabMron and the 
coH>rdinatod groups at the angular points: the 
atoms outside the brackets in the above foimulro 
are assumed to be in an outer sphere in a way not 
yet specified. If the spneial arrangement just 
described be true, cases of isomerism should occur. 
For instance: 

should be isomeric with 

[Br^NH,).pL 

(THtromotottamtuine plsticDloride) 
and this is found to be the case. Werner calls 
this ionisation isomerism. Many examples are known. 
Again, two compounds of the formula 



These have long been known, and I. is the diatnminc 
platinic chloride and II. the semidiamminc platinic 

a 



chloride. This kind of isomerism is called by Werner 
Space Isomerism. Many examples are known. 

In compounds of the first ordm an element does 
not always act with its maximum priuciptil valency; 
for instance, we have stannous chloride, HnCl^, and 
stannic chloride, BnCl^. fio in compounds of higher 
order, a central atom does not always act with its 
maximum co>ordination number—that is, a scries of 
co-ordinatively unsaturated compounds should exist. 
Kevetai such series are known. These compounds 
also form interposition compounds; an example is; 

[i>t(NH,)jci, 

Tetranuntne ChloTotrUmiuine DiclilotodUuuuiBe 
l>lata«btorid«. iilstochloridc. uldtooUaride. 

260. 116. 0 

tPtClJK, 

IVitMdniu siuadD<nilstoclilorld«. FoisMiun ulstoohlorida.. 

107. M. I 


Ibo numbers give the molecular conductivity at 
1,000 litres dimiion. These compounds can 
represented graphically, as shown above, by abolishing 
the vertical axis; also isomerism should occur in 
the cose of the dichlorodtammiseplato chloride, and 
Uiis is the case. To give even a list of the so^Ilod 
“double salts” to which this theory has been 
applied, and applied with astonishing success, would 
far exceed the limits of this article; but a few 
examples are added: the complex colialt-ainmoaium 
salts, the oorrcsimnding chromium salts, the complex 
double salts of vanadium, molybdenum, tungsten, 
the cobaltinitrites, etc. Many salts co'stallise with 
six molecules of water of crystgliisation; examples 
ore: 

CdCl/)II,0 : A101,6H..0 : CoCL6H,0: 

Zu(NO,),6H,0 : CrCl,6H,0 

These are regarded as follows, [Ca(OH,^]Clj—^that 
is, the metal in the central clement and the six 
molecules of water are co-ordinated with it through 
the subsidiary valency of the oxygen. A remarkable 
consequence of this is that on Werner’s view the ions 

in these salts will be ^Qa<OH,)e] Anotjjmr 

interesting point is famished by the blue bexa- 
hydrate of chromium chloride—this loses two 
molecules of water readily and forms the green 
tetrahydrato. Now, all the chlorine of the hexa- 
hydrate is precipitated by silver nitrate, while only 
one-third of tho chlorine is precipita^ted in the case 
of the tetrahydmte. Ibese results are easily expressed 
by formulm: 



The theory offers a ^ery natural account of the 
ammonium compounds. The co-ordination number 
for nitrogen is four, so we have— • 



which accounts, without any forcing, for tho fact 
that ammonium salts behave like salts of the alkali 
metals, while the i^intavalcnt nitrogen theory' does 
not. The formation of the organic ammonium com¬ 
pounds is explained on the same plan as methyl- 
amine hydriodido: 



A large number of acids containing four oxygen 
atoms is known. As ty’pical of these may be men¬ 
tioned : 

[RiOJH,, [FOJH^ [SO,]H„ [C10,]H. * 

All these are regarded as co-hrdinafed compounds, 
and it will be noticed that the valetu^ of the co¬ 
ordinated group diminishes in passing from Group 
JV. to Group vll. of tho Feriodio Bystem. Now, 
thero are oxides of Group TUI. of the I'erirdio 
System—e.g. RuO, and OsO,—which are richer in 
oxygen thw any of the oxides from whioh the above 
acids are derived, and it is remarkable that these 
oxides no longer unite with water to Ibrm acids. 
Thus in the majority of oases (a few exceptions arc 
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known) ionr is the mtudmnm co-ordination number 
for oxygen. In these cases also interposition cotn>- 
pounds can exist; for example: 


0 0 
p 

Phosphoric 
H| acid 

0 

S 

0 

Sulphuric 
H, acid 

0 o 

(Tribasic); 

0 

L— 

0 

(Dibasic) 


0 

oi 

Phosphorous 

0 0 

Ruphurous 


H, acid 

S 

H acid 

0 

H| 

(Iflbasio); 

0 H 

(Dibasic); 


0 

O 



jr Hypophosphorous acid 
(Monobasic). 


That sulphurous acid is dibasic is to be explained 
on the supposition ttnit sulphurous acid can react 
in the tautomeric forms— 




II and 



n. 


Cases are known in which tautoin^iism does in fact 
occur. Tlie case of the hejttahydratod sulphates 
(vitriols) is met by assuming tliat some molecules 
of water are co-ordinated with the metallic element, 
while some are co-ordinated with the acid residue ; 
tliih case is appaiently not yet worked out. Again, 
in salts like tlio alums, which contain a \ery laige 
amount of water of cm stallisation, it is uciessary to 
assume the existence of double water molecules, 
w hitdi are co-ordinated like single atoms or molecules 
—an assumption wliich Womer jnstifleR by pointing 
to the known molecular association of water in tlie 
liquid state. The cases of the vitriols and alums 
may be regarded thcn’fore as either insufficiently 
examined os >et or as arguments against Werner’s 
theory: but in view of the enormous number of 
oomjtonnds whicli this theory lias icnderod intel¬ 
ligible and capable of classihi ation, the former 
appears the muie probable assumption. 

Westlnghouse Brake (AW.) See IIailways, 
p. 6‘J!t. 

Vet and Dn Bulb Hygrometer and 

Meteorel.) See XlVGliOM stubs. 

Wet End {Paper Manufae.') The term applied to 
the portion of the uiachino where the wet pulp is 
made into a sheet of jmper. 

Wet Preu Machine. See Wood Pulp. 

Wet Paddling {Met.) See Pig Boilibg. 

W^t Steam {Png.) Btcam in which {jartial con¬ 
densation has occuired, or which has been mixed 
with water spray in the boUer. 

Vetting Board {Print.) A board placed between 
the reams of paper in the process of welting down. 

Vetting Dovn {Print.) Ordinary printing pa^rs 
are occasionally wetted down before printing. The 
ream is quired and placed on the left of the wetting 
trough. A quire is tiien taken, and one end dipped 
^ tile water v^d the whole drawn through. A dry 
quire is plac^ on top of the wet one, and so on 


alternately. Boards are placed between end on top 
of the reams. Weights are put on top of the 
and the paper allowra to soak for several honra TOe 
sheets are then turned, and afterwards placed 4n k 
screw press and fastened down. The object of the 
process is to facilitate deposition of the ink evenly 
upon the paper. 

V.C. {Print.) The abbreviation generally used for 
W’rong Fount {q.v.) 

Whale Oil. The two kinds of whale oil of com* 
merce are known as Tbaik Oil obtained from the 
Bight Whale and oeitaiu other sjiecies, and Btbbx 
Oil from the Bperm Whale. The latter is the most 
valuable lubricant for machinery known. See OILS 
and liVBBlOABTS. 

Vharfedale Machine (l^rint.) See f tpoobafby, 

Whatman Papers, llandmade rag papers of the 
highest quality used for drawing purjioses and 
ledger^., known specially by the watermark “ What¬ 
man," this being the name of the celebrated paper- 
maker J. Wliatman, who establhihed a mill at 
Maidstone in 1760. 


Wheat (Fwdt). The edible portion of a cereal 
grass, Trttieum vulgare, or tafivnm (order, Grand- 
nem.) Many subspecies axe gi own, snch as T. epelta, 
the Spelt; X. polonicim, Tohsh wheat. Wheat as 
grown in this country consists of a grain surrounded 
by four coats. The grain proper contains starch, 
protcid, fat, and salts. Wlien ground the various 
coats are more or less removerl as bran. The best 
quality of flour consists of the grain only. In the 
second-rate flours tlie bian is only partially separated, 
and the flour is therefore darker in coloui. It is. 
nevertheless, more nutritious than the whiter flour, 
as iman contains 15 per cent, of nitrogen and 8*5 per 
ccn*. of fat. Alum is sometimes mixed with flour 
to render it whiter; an excess of 10 grs. jicr 4 lb. loaf 
is regarded as adulteration. 

Wheatstone’s Bridge {Elect.) An arrangement 
in whicb two resistances whose ratio in known are 
employoil fur thecompaiison of two other resistances, 
one of which is 
variable. Let B, 
and It, be two re¬ 
sistances whose ratio 
is known, or Batio 
AUMS, li, a resistance 
v\ hicb can be varied, 

11 , an unknown re¬ 
sistance. These are 
connected with each 
other and with a 
battery B, and gal¬ 
vanometer G, as shown. B, is now axi justed till no 
current flows through G; when this is the case, it 
con easily be shown that— 



lil 


=^ S;- 


Thus if and the ratio Iw known, It, is deter- 

miued. When this relation is satisfied, the two 
conductors which contain the battciy and the 
galvanometer lespcctively are said to be COKJVaATS) 
t'ONDUCTOBU ; their relation is such tliat an electro- 
motive force in one of* them does not aJ|Ec> t any 
current which may be flowing in the other. Hence 
any alteration in the E.M.F. of the battery has i>o 
effect on the accuracy of the measurements made 
with the bridge. The most tvpical forms of bririge 
are the Blids Wibb Bbiiigb and the Post OmcB 
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3BOX. In the foimor, the ratio arii» are formed bv a 
straight baio wire of Gcironn silver, or other saitable 
alloy, AB. This is mounted on a base board and 



•connected with the resistances and B| by heary 
copper or brass condnctu) s. The battery is ednneoted 
as shown: one end of the «'ire from the galvano¬ 
meter Q goes to the oondnotor conneoting B5 and 
lb, the other end, 0, terminates in a sliding contact 
which ean be moved along AB till a “balance” is 
obtained, fjff. until no ourrent Sons through the 
galvanomotbr. The lengths AO and BC are read off 
on a scale and the ratio of their lengths gives the 
ratio ot the resistanoes of the poitinns AC unci BO, 
ijB. the ratio of Bi to B.. As AB is commonly made 
1 metre long, this foirn of bndgo is often termed 
the Mbteb Bbidsb; it is &lso in a modified form 
hnown as the B A. Bbiuob (Biitish Association), 

la Uio Post OfSeo Box, the ratio aims are usually 
formed by two sets of resistance coils, each set 
containing 10, 100, and 1000 ohms, cither of which 
can be included in the circuit by means of plugs. 
The arm K, is formed by a set of coils which can be 
used singly or in combination so as to give resist¬ 
ances increasing by single ohms from 1 to J 0,000 or 
more. The top of the box carries the plugs by w hicb 
contacts aro made, binding scieas fox connectLng 
the^battery, etc., and keys by whn h the balteiy and 
galvanometer xirouits nie made and broken.* The 
method of use is based iix>un the same general piin- 
cades as the forSgoi^. A Dial BRinnn is one in 
^hich the resistances arc varied by moving a laciial 
arm over a series ot metal studs oonnecteil with the 
coils, thus avoiding the use ot loose plugs. 

Wheel Basa etc ) Tho disbuice between 

tlje centres ot the foic and hind wheels of a cycle, 
motor CATS locomotive, etc. 

Wheel Cutting (Enq.) The process of forming 
the teeth of w'hecls by a lotating cutter of the 
piopei cioss-section. 

Wheel Moul^g {Foundrtj'), Forming the mould 
fox ■casting toothed wheels Instead of using a 
complete pattern, a segment ot tho wheel is employed 
ii^ many oases, in conjunction with a moulding 
machine ($ v.) 

WheeM>ve (Mith) A synonym for Boub^oniti: 

(g.o ) 

Wheel Swarf (Eng , etc ) 'Jlie material removed 
from a grindstone and from the object being ground; 
it forms the muddy deposit in the tiougb under the 
stone and is sometimes utilised m luotallutgical 
operations. 

Wheel Teeth (Eng^ Wheel teeth must be so 
>ha^l that smooth sliding contact occurs in every 
postlion without valuations in the velocity ratio of 
“he two wheels; and turther, the ehapo must be such 
B&to give tho necessaiy strength and ease of con- 
striiMum', In piauticc tho curves adopted are nearly 
always portions ot cycloidal carves (»ee Kpioxoloid 
jfcaS pWlvcYt tx)io;. Uio Pitch CincLCH of Iwo 


toothed wheels are two imaginary circles of sueftt 
diameter that they wpidd roll together with tho fame 
relative angular velocities as tho actual toothed* 
wheels. The teeth lie partly inside the circle and 
p^y outside; the p,urLion of a tooth within the 
pitch isiicio is called the Booo^ hnd.tho portion 
outside is called dhe PosRtx, or AuDKtrDirMt. The 
profile of the teeth is the path traceil Out by a jjoint 
on an imaginary circle, tmmed a DBSGltiUKKQ Cikclb, 
which rolls on the pitch circles so as to botin contact 
with both, Le. which touches both the.pltch circles 
at their {mint of contact. If the same describing 
eiicle be used for any number of wheels they will all 
work with one another coireotly, Whatever tholx 
diameters. Tho diameter of flie pitch circle must 
not, however, be less tlian half that of the smajlust 
wheel in the set Tn this case the Banks (or profiles 
of the loots) of the sipallest wheel aro radial lines. 

Another form sometimes given to teeth is the 
INVOLCIB, the curve generated by a point in a firing 
which is being unwound from a cylindrical surface 
and kept tight throughout tho opei^on. The Whole 
profile of an involute tooth is one continuous curve; 
and wheels with such teeth possess tho peculiar 
propelty that the centres of two wheels goaring^ith 
one another may be brought nearer together or 
farther apatt without affecting the uniformity of 
their action or their* velocity ratio. 

Wheel Window (JrcAtteet.) See Rosa Wikdow, 

Whetstone. A piece of fine grained haid stone, 
e q. shite, or an artificial stone of the same character, 
Buitablj fixed, used for sharpening cutlery and tools. 

WhifiBe or Whipple Trees. The hoikontal bars 
by which horses are yoked to ti vehicle. 

Whim (Mining) A juimitive form of winding 
mai’bme, eonsisting of a drum mounted on a vertical 
axis, worked bj a horse*, or even b> manual labour. 

Whin pT Whinstone ((hoi.) A term ofte'U used 
locally by miners and qiiarr.vmon foi any bard lock, 
e q. Basalt. The Whin Mll jh r gieat emisfive 
sheet cutting aenoss the Carbonifesrons Bocks 01 the 
I’ennmes, and forming many sttikmg physical 
fcutiitos, sncli as crags and waterfalls 

Whipping (Bind.) This toim signifies the same 
process as Ovhrcasixnu except that the 

stitches aio longer. 

Whipple-Hujtphy Girder (Eng) A form of built- 
up glider having its bois arianged in the form of 
the letter N. 

Whip Threads (Textile Mpmnfae) Threads in 
gau/i weaving which whip or twist round adjacent 
lh<e.ids. 

Whirlwind (Meteorol.) Circular air movements 
sot up by the meeting oi two air^ourrunts diffexing 
in dll ection. 

Whisky .11 A spirit oiigioajly distilled from malted 
grdin, eouininuig about 50 per cent of alcohol. 

White Arsenlo ((Jhem) See Absbvic tloH- 

POUNDS. 

—— (Mm ) Oconfs occasionally native fts an in¬ 
crustation on mineials contamingf'orsenic. 

White Cast Iron (Clicni.) See iBoxt'. 

WhlteMars HaohinetC IVmf.) A, rptary maebinp 
designed lor thu printing of newspapers from single 
sheds or reels. It conMstsof four cylindele'arranged 
round a crescent-shaped fxamo, tho inking Sfxaix^ 
meals being placed at each cod. 
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Vblte Heat, llie temperataro* at Which » body 
emits white light Tho*'\ibito heat" ot the smith 
is the temperature to wliiUi a larg^ piece of non 
M heated befbre Removal fiotfl the the it is between 
laOO’andieCKPO. 

ISlilto Ldad {Chtm) Sm Lead Coupomoa 

White Lead Qre (ilftir) A ^nonjm foe CBBDb- 
»ITS (ii.v) 

White Light Light in which <iU the 

coloBis of tho Sfwcti lira are present in their i>ro[K3r 
pro})ortion. See BraoxBUM. 

White Line (Prua^ A line of qu idrats forming 
(a) Ablauksp4<.c m tno text equal to one line, c 
foot Imo of a page 

White Metal. Another name foi B^Biiuar's 
MnrAL Xg *') See olto Coppfih ani 1 in 

White Miekel ( Vm ) A synonym foj Cloanthiie 
( j?”) 

White Out iTtfpos^ ) To spac e (at hues oi matter 
in Older to give it a more oj>ca api>cai ince 

White Pap ev (^Prmt) A teclimcil teim for all 
tmpiintcd p 1}Cl IVhite or’tsolourcd 

White Precipitate (Cham) Set, Meboubi Com 

POl M)6> 

White Bpap. Boap na mufne turccl by boiling fat 
with caustio lyo, iiinoung the imperfect and uti 
formed suip bv weans ot common salt, rcboiling 
after tho runovnl of the waste L(, and fin dly 
eooling Soim times an additional boiling is given, 
and the soip thus made may be* used as the bise 
or stock of toilet ‘tnii)s (q ? ) Cuid soa] , actetrelim*' 
to thi Biitish Ihuinatojxni, inuht br mide fi ni 
soda uid a pnrilieel animal f it ot nsisting x>rinelpdlly 
ot htfc inn !>6t ‘vOAP Mam i Atiuai- 

White SqaallB (Vtttorol 1 Jhexe me fan weather 
sqiiills, and omir wlun lonlmons are suitable toi 
spdhl loin iti )Ji tint until iiiit moistuie is wantuig 
to Ml u] the eeutial \eite\ 

White Yitnol. A ti ide name iur sulphate of 
aim Vt /INC ( OMPOiMis 

- (Min ) A synonjm for Gosi ABiri {q i ) 

Whitewash (PuCti) (hilk lime mixed with 
wati I A little t ill >w is added to pieveut it being 
lal bed oli when dn 

White Wood. Sit Woods. 

Whiting. ruic white chalk which has been 
ground and washt d 

Whitworth Thread (Cnq ) Ste Scbfw luRLADb 

Whole Bound (Hmd ) S/t 1 uni Boi ko 

Whole Note Ihi semibicvc (//t ) 

Whole Plato (Photo) A plate moasdring bi 

i^ohe ri 

Whorl (Botany) An auangemenl of the parts 
of a plant m which a nbrnber spring fiom the same 
point, and arc ananged regularly round the stem 

Wkk. See CAKDLHfl 

Wicket. A small dooi or gate used as a subsidiary 
entiaqu m a Urgt$ 0 }k ning, and homotitue's teiming 
part of a huger cioor 

WiokOte (Chem Enq ) Gratings of lead, used in 
the roamiiaetftTc yl W uixE Lead See Lead Com* 
EOVNDA 


wtisr 

Wide Oange ^Jiatiwe^e), Tbe^BlfOAD (ifAires 

(sv) 

Wide Spneihg (iypag) So letmed when 
fwo thick spaces or more ose placed between 
t^e words, as m this dS&ntion. 

Willtelaiite {ATia.) * k sUkatl^of sino, hexhgonel, 
yellow to Inown, round !u Belgium and the United 
Btateg, 

Willow, fi^wWoOD^'. 

Willoving Machine iJ^per ^femvfae^ The ap- 
paratuH used fur romoyiog dust turn e^arlo and 
other hbres. * 

Willow LCakei (A4^) name given to 
tho visible Structure m the penuiubra of sun-spots. 

Wimehorst Machine (Eleet) The best form of 
eleeiiie tl luttuenee mac hme. Ihd tipical form con- 
4i8t» ot two discs of glass, each cJiiying a number 
of bPetort of tiRleil, and mounted so that they are 
lotated in opposite directions by turning a single 
handle. Each disc fo touched by two uninsulated 
blushes, corned bj the “neutralising rods ” If any 
one beelor leccive a ehmge il induces ehaiges of the 
opposite sign on sectors*which aie moving past it in 
the opposite diiection; the result is tho tiecumula- 
tiou of eoutinually inoieoshig chaigcs of positive 
and negative ehitneity at opjiosite edge^ of the 
lUses, and these charges aie collected by conductors 
suitaiilj plieed for the pnrjKihe l«irge maehineft* 
are also mailc with four, six, or moie plates. 

Winch (-Eng ) Haulmg or hoisting mechanism, 
consisting of a banel louiid whieliarope or'chain 
is woumi, and cithei inovidoel with a handle and 
thS nett ssary geating tor liand dnving r oonneeled 
with a stcau engine, cleetno, oi otper motoi for 
power dnving 

Wind ( Mifeoiol ) Air iil motion is callpd wind. 
Imqunl hratiiig gives rise to nil motion or an 
< nneiits, tin ]iassage ot whieh givti the xihenomenon 
ot wind 

Wind Direction (1/t/tojol) Tin diiectmn from 
winch the wind blowx Jt is indicated by,mea 4 iB 
ot a vane 

Wmdmg (Ciitjf, tie) The snrlate of n jicesp of 
woik IS Slid to bi ‘ in winding ’ oi to “wind," 
if it gi idii illv twists 

-- (Elect Lnq) Jhe conduitois of a dynamo, 

coil, dectio-magnit, tiausformor, etc , vyhieh carry 
the oketne einront 

- (text tits) A convenient m(thod.of tians- 

fiiimg the y nil fiom hank «<){;>, oi liobbin, one 
thicad at a tunc, fur a eouMdetable length, on to 
a bobbin or tube, n lop winding, tlium winding, 
X)UD winding 

- and Winding Bn£in« (Muatig) Sit MiNlNO, 

p 405 

Winding Sticks or Strips (Catp and Jam, et^,) 
Iwo pieces ot wood with parillel edges used by 
jiiners to show whethei wimd is winding The 
stiips are placed on edge on the wood to be tested, 
and tho ovc pkiced on,a level with tbaii upper edges, 
wiieii any want of xiaraUehsm due to twisting or 
winding of the wochI is at once seen. 

Winding**!^ Taolde (Laee Ma, mf(H ) Wortti und 
wheel gating connected to thd work rdHer, one 
ot the faetoiw determuung the quality of the lace; 
analogous to the “ taking off’ motion in the loom. 

6i 
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Wind Instrmnentf (ilfiujo). •See HusiCAt In* 
Sl'BVUKNTS, J». 431. 

WindUuM. A simple form of band winch without 
gearing. WiBOU. 

Windmill. A modm'n windmill consists of a set 
of radial vanes set at an angle capable of adjust¬ 
ment, and forming an almost complete disc, instead 
of having four or six vaaes, as in the old form, which 
is still a familiar object in many districts. Oning 
to the uncertain and intermittent action of the wind, 
fhis form of motor is now Utile used, except for 
nmping water for drainage of land, irrigation, or 
Uin% tanks for small water supplies, where an occa¬ 
sional interruption in the flow is of no importance. 

Window Board (Build,) Tire nosing board fixed 
to the sill inside a room.. 

4 

Wind Preuure (Enff., Build., etc.) In large 
modern structures a wind pressure of 6G lb, per 
„ square foot is allowed for in calculating the strength 
of the members. It is verv unlikely that the actual 

t rcssnrC ever exceeds 40 Id. The former limit was 
xeti by the Board of Trade after the Tay Bridge 
disaster in lS7d. 

——- (Mctenrol.) The pressure or force exerted bv 
thc wind. Measured by the pressure it exerts ou a 
flat surface placed perpendicular to its direction of 
motion. 

Wind Trunk (Mutie). The tube which conveys 
the w’ind from the bellows to the wind cliest. 

Wind Yeloeity (Mcteorol.) The rate of movement 
of wind. Measured by an anemometer (q.v.) 

WlncB. Light or natural wines contain froi?i C 
,to 13 per cent, of alcohol; strong or fortified wines, 
■such 08 pdrt and sherry, contain from 12 to 23 jter 
cent. Besidear alcohol, wines contain various aro¬ 
matic ethers, which give the characteristic flavour 
or bouquQt, eiigar, acids, and salts. 

Winged Globe {ArcMteet.) One of the symbolical 
ornaments used by the Egyptians; a globe with 
outstretched wings. A scarab (sacred Ireetle), vul¬ 
ture, or a representation of the goddess Isis is 
frequently used instead of the globe. 

Wing Mu^ (.Eng., ete.) A nut provided with 
'•Vings ” or^ projections, by means of which it may 
be turned by the thumb and fingers. 

Wing Yalxe (En^.) 4 ^alve provided with pro- 
* jections to guide it into it§ proper position. 

YlUaiiM(Minivff), A miners’ term for the process 
of obtaining coal from the seam. See Mininq. 

Wimey (Ttsetile Manufac,) A fabric with a rough, 
hard handle, formerly used for dresses. 

Ynnter Solatlce (Aetrim.) See S'olstioes. 

Wipe (Print.) A term used when the rollers leave 
an excess of ink on the edges of the forme. » 

Wiped Joints (Phmh.) A method of joining lead 
pi|>eB. The upper end of the lower pipe is opened 
out about J inch, and the lower end of the upper 
pipe is. rasped so as to fit into the opened-ont end. 
The ends of the pipes are then shared so as to allow 
the solder to adhere to them. The pipes are next 
soiled above and below the soldering line with a 
nfixiUTO of 'lampblack and size, mid the upper pipe 
Iff fixed into the lower with a ooll^ round the bottom 
of the joint to catch, the solder. The heated solder 


is then poured over the shaved ends of the pipfw 
and worked into shape, the final prooess being the 
** wiping " of the joint with a hot moleakin cloth. 

Wiper (Weaving). Another term fox an eocentrlo 
or tappet. See Taftbt and Loom. 

Wire. Wire may be made of any metal poBsesfflng 
snfflclent ductility to allow of drawing. Iron, steel, 
copper, and brass wire are the most common in the 
arts; the precious metals are also made itw whe 
for decorative and other special purposes. 

- (Teietileg), Used in velvet weaving to lorm 

the pile. Made of brass, flattened at tbe sides, and 
having a groove through its Entire length on the 
upper surface. It is placod in the shed under the 
pile warp, transversely, and is cut out as necessary 
by a sharp instrument called a truvat. The length 
of pile is regulated by tbe height and size of tbe 
wire. Wires for Terry (jf.e.) weaving ore quite round 
and made of steel. 

Wire Brush. A brush made either entirely or 
partly of wire. Wire brnslies are used for various 
purposes, e.g. by gilders for spreading gilt, for cleaning 
castings, etc. 

Wire Card. See Cabo Wise. 

Wire Cloth (Paper Manufao.) An endless cloth 
made of very fine wire, upon which pulp is formed 
into a sheet of paper. 

Wire Drawing (Eng., cto.) (1) Tbe production 
of wire bv drawin.g a rod of metal through a hole in 
a steel plate of slightly smaller diameter than the 
rod ; the process is repeated with successively smaller 
holes until wire of the requisite fineness has been 
obtained. (2) Tbe reduction of the pressmu of steam 
when it is caused to fiow through narrow passages. 

Wire Edge. The thin burr thrown up on the edge 
of a tool during grinding or sharjtening on a stone. 

Wire Gauge (Eng.) (1) A tool used for test^g 
the diameter of wire or the thickness of metal plate. 
(2) A set of standard diameters to which wire, etc., 
is made, each designated by a special number. The 
Biemin&ham WiBH Gadge (B.W.G.) is the one 
most commonly used, but others are also employed, 
e.g. the Amebican, w Bbowk and Shabpe, Gaegb. 
The numbers and diameters in inches of some of the 
principal sizes are as follows: 


Number cf 
Wire. 

Dianieter on 
Bimilngham Wire 
Gauge. 

Diameter on 
Amerioon Wire 
Gauge, 

0 

■340 

•325 

1 

•3 

•289 

2 

•284 

■257 

4 

•238 

•204 

6 

■203 

•162 „ 

8 

1 -lOS 

•128 

10 

•134 

■102 

12 

•109 

•08 

14 

•083 

•064 

16 

■065 

■0608 

18 

■049 

•0403 

20 

•035 

■08196 

23 

•02 

•0179 

30 

•012 

■01 

33 

•0(» 

'OOlSfi . 
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Wtrt1DmomBtBr(Attrff».) JSIIte MiOBOJtmiSu, - 

Wm Rope (■£%.) Bopo fomed bj twistiog fine 
wjlxes oi iron or ste^, a hempen cote being nsoall; 
employed. 

Wtob Hazel (Botc^). The dried barb and leaves 
of Mamamelig virginioa Corder, BamaiMlidacea) are 
need hi the proparation of a vainable astringent drag. 

Witheilte {Min.) Barium carbonate, BaCO,; 
rhombic ; in componnd crystals; while to grey. 
Used ns a source o£ barium compounds; also in sugar 
refining, porcelain and plate glora manufaetnre, and 
as a ratbana. In manp localities in the Alston Moor 
Pistriot, in Central Europe, etc. 

Withes {BuiM,') The partitions between the flues 
in a chimney stack. 

Witness {Bind.) In the case of a book that is 
not to be " cut down ” the edges are merely trimmed 
BO as to make them straight and true. Borne of 
the leaves still retain their rough edges, which are 
" witness ” of the proper treatment. . 

n^. A bine dye obtained from the pounded 
leaves of Imtis tinetoria (order, Crunjerct). It is 
now replaced by indigo. See Dma AND Dtbino. 

Woad Vat. See Dyes and Dykind. 

Wohltemperirte Klavier, Das The Well- 

Tempered Clavichord, the name given to “Tlie 48 
Preludes apd Fugues" by J. S. Bach, who wrote 
them to show tiiat by tho new Equal Temperament 
tuning every key from C to B, both major and minor, 
was available. 

Wolfram (<7Am.) See Tcnqsten. 

- {Min.) A tungstate of iron and manganese, 

the amounts of the two bases being variable. 
Monosymmctric, with a perfect cleavage; commonly 
found massive. Found in Cornwall, Cumberland, 
anc^in many other localities in Europe and America. 
It if used in tho hardening of steel, fur the fire¬ 
proofing of textile fabrics (as sodium tungstate), as a 
mordant, and in hardening plaster of Paris. 

Wolframine (Min.) See Tdngstic Ochue. 

Wolf Rayet Stars (Astron.) A peculiar class of 
stars which have bright lines in their spectra. 

Wolf, The (Mueio). A harsh, howling effect in 
certain intervals on keyed instruments tuned to the 
unequal temperament. This system was discarded in 
favour of the equal temperament ip England about 
1830 on the pianoforte, and about 25 years later on 
the organ. 

Wollastonite (Min.) Also termed Tabular Spar. 
A metasilicate of lime, CaOSiO^ Monosymmetric, 
but usually found massive. Colour white to reddish 
brown, translucent. Oocurs in granite and certain 
other rocka 

Wood Block. A block of wood prepared for 
engramg. Si<e Engbaviho, p. 202, and Woodcut. 

Wood Oftmrliig. See Cabying. 

Woodcut. An engraved wood block bearing a 
picture or design and made type high for use in 
a printing press. A print from such a block. 

Wood EnlpFBTiBg. See Engbating. 

Wood Funiiiove ( 'J)/peg.) Material used for dress¬ 
ing or imiwsine a forme. Of various thicknesses, 
alM deslgnatea narrow, broad, doable narrow, and 
double broad. See Fubnitube. 


Wood Lettof tyj^eutkirdil^v 

for use in posters for aaveriising, etc. 

Wood OU &e OuBJUM BALBAit. 

Wood Opal (Jtm,) Wood of wMob Hhk tissues ; 
have been replMed by silica in Ore hydrous fc^ 
Opal. 

Wood Paving (Civil Sng.) This consists of a 
fouudatioB or ‘-formation” of concrete, carefully 
levelled; on this are laid the blocks, which are 
usually 9 in. long, 6 in. deep, and 3 In. wide. The 
blocks are laid with the fibres vertical, and the rows 
are at right angles to the main direction of tbetndfio. „ 
The joints between tho blocks are filled with oement 
grout (thin, fluid cement) or with melted pitch; or 
both may bo employed. The usual materials are 
certain of the Australian hard woods, e.g. blue gum, 
red gum, Jatrah, etc. 

Wood Pulp. The use of wood pulp as a tttw 
material suitable for the manafacture of paper 
dates from the year 1866, Attempts had been made 
previously to introduce wood for the purpose, bat 
^without material success. In 1801 Matthias Eoops 
printed a book, the pa{)er of which consistesd almost 
entirely of wood pulp, though the method of mana¬ 
facture was very crude. The iudustiy received an 
impetus from the efforts of Voelter, who obtained 
patents in 1860 for the preparation of MbohaNIOAL 
Wood; and in 18G6 by the introduction of methods 
for the preparation of Chemical W'ood Pulp by 
Tilghmann, notably by the svlphite process. The 
employment of wood pulp in the papermaking 
industry has since been followed by its applioation 
to purposes of a very different character. The 
prorosses for converting wood into pulp are of two 
kinds: (1) Mechanical, in which the wood is treated 
by purely meohanical agencies. (2) ChdniiQal, in 
which a pure form of cellulose is obtained by drastic 
chemical treatment. 

(1) Mechanical Wood Pulp.— The treesAuitable 
for the manufacture of pulp, e.g. poplar, fir, and 
pine, are felled In the early part of tl)e winter 
and cut into lengths of 12, 14, and IG ft. The 
logs are then conveyed to the pulp mill, where they 
arc cut into lengths of 2 ft. by powerful circular saws, 
and the outer bark is removed by special machinery. 
The refuse is blown away and utilised as fuel, and 
the clean 2-tt. pieces of wood are then convortecT 
into pulp by means of grinders, i.e. large grindstones 
mounted on heavy shafts and fitted with appliapees 
by means of which the blocks of wood are forced 
against the stones by hydraulic pressure. The blocks 
of wood are thus ground into fibrous material, and 
the product is mixed with large quantities of 
water and passed through screens—sliallow boxes, 
the bottoms of which consist of brass plates contain¬ 
ing very fine narrow slits. The finely screened pulp 
is then put through what is known as a " wet press 
machine,” in order to remove the excess of water 
and convert the pulp into a thick sheet. The sheets 
thus obtained are folded to a uniform size, subjected 
to heavy pressure, packed up in suitable covering, 
and despatched to the paper mill. 

(2) Chbmioal Wood Pulp.— There ate sevmal 
processes in use for the manufacture of chetnioal 
pulp, e.ff. the oaastic soda method and tho tusolphite 
of lime process, the latter being in general uw. The 
following is a brief desoription of tho snlpUte po- 
oess: The logs, haring been barited and^ out up mto 
2-ft. lengths, are chipped ’hp into small pec», 
about the size of a nork, by special maohhiery, and 
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then transferred to the digesters—^huge steel vessels 
lined with bricks or cement, in which the wood is 
boiled under jjressure with a solution of bisulphite of 
lime. This powerful reagent is prepared by allowing 
*the fumes of burning sulphur to act upon moist 
masses of limestone, which are kept wet by a stream 
of water under properly regulated conditions. The 
digesters employed are sometimes of enormous size, 
capable of taking no less than twenty tons of wood 
at one turn. After digestion for eight to nine hours 
under a pressure of 80 lb., the contents of the boiler 
are blown Out into tanks and washed thoroughly 
to remove the spent liquor. The weight of pulp 
obtained is only CO per cent, of the original wood, 
so that a loss of 50 per cent, is sustained in the 
manufacture of the chemical wood, the by-prodnols, 
liaving little or nooommercial value. The pulp after 
washing is screened and converted into thick shoots 
in the same manner as the meclianical pulp. The 
pulp is also obtained in the form of dry sheets by 
the use of a machine similar in construction and 
principle to the ordinary paper machine. The pulp 
so prepared is then ready as a raw material for 
other industries. The sulphite pulp is blended with 
mechanical pulp in varying proportions for the pro¬ 
duction of cheap printings and newspaper. A well 
cooked pulp gives a pure erllulote almost equal to 
that derived from rags. The marked deterioration 
in the quality of ordinary paper, and the lack of 
durability, may be traced in a very large measure to 
the presence of mechanical wood pulp. The dura¬ 
bility of any paper is in direct proportion to the 
percentage of absolutely pure cellulose, tliis material 
oeing easily isolated from the best quality of rags, 
since the amount of chemical treatment necessary is 
reduced to a minimum. In the case of Mechanical 
wood pulp the whole of the resinous and non-fibrous 
constituents of the wood are present, and these 
constituents are liable to chemical changes, probably 
due to moisture and other atmospheric conditions. 
In the case of Sulphite wood pulp the purity of the 
cellulose is mainly a question of careful manipulation. 
One ton of Obdinabit Nhwsi’Apeb consists of 
Mechanical wood pulp and Sulphite wood pulp in 
the proportion of 76 and 25 per cent, respec¬ 
tively, together with a certain proportion of mineral 
matter. The quantity of wood pulp required for this 
amount of paper Is 1,680 lb. of M«>chanical pulp and 
6G0 lb. of Sulphite approximately, nearly one cord of 
wood being required to produce the former aud about 
half a cord to produce the latter. A “ cord of wood ” 
consists of logs 4 ft, long, packed together so as to 
form a pile 8 ft. by 4 ft., giving a total capacity of 
128 cubic ft. This is the usually accepted unit of 
measurement for pulp wood logs. It is calculated that 
for logs having an average diameter of 12 in., about 
fifty-four pieces, each 4 ft. long, will make one and a 
half cords, which is the quantity necessary for a ton of 
cheap newspaper. The number of trees required to 
produce this amount of wood will, of course, vary. 
Assuming that the trees are about 60 ft. high to the 
crown, then five of these trees will be necessary to 
produce sufficient pulp for the production of the 
paper. 

Wood pulp is now employed as the basis of many 
highly interesting commercial products, which at first 
sight would appear to have little or nothing in 
common with wood. If treated with nitric acid 
under special conditions, nitrates of cellulose are 
formed which, when dissolved in a mixture of ether 
and alcohol, give Collodion Solution (scij Cbllu- 
LOSB and Collodion), a well-knowu substance used 


in photography. Varying the conditions of nitration, 
as, for example, by prolonged treatment with nitric 
acid, other nitrated compounds are produced, and 
these find employment os Gun Cotton ((?.».), which 
is used in blasting. If gun cotton is incorporated 
with camphor by suitable mechauioal means, aplastic 
body is produced known as C£llvix>id (f.r.), a 
material capable of being moulded into a great 
variety of shapes, and coloured man^ shades. A 
similar product to celluloid is the well known 
Xylonite (q.v.) Tlion, again, by careful preparation of 
certain nitrates of the cellulose, and by modifying the 
conditions of their production, Smokeless Povtdees 
are obtained, such as Cordite, Bollistite, etc. By 
mixing the nitrocellnlose with nitrobenzene or 
camphor in definite proportions, other well known 
explosives, such as E.C. and 8.S. Spobting Powdebs, 
are obtained. By treating wood cellulose with 
strong caustic soda, and snb^mitting the product to 
the action of bisulphide of carbon, a soluble product 
is formed, which is extremely viscou.s. This viscous 
solution has the property of “ setting ” to a hard 
mass, and is capable of being manipulated into 
articles closely resembling ebony and vulcasite. 
The commercial applications of V iscose are numerous. 
The soluble solutions can be converted into insoluble 
bodies, and then employed for the manufacture of 
explosive.s. One of the most interasting applications 
of Wood Pulp is the manufacture of Abtieicial Silk 
(see Cellulose). This substance is obtained by 
producing celluloBC nitrates under special, conditions 
and dissolving the nitrates in suitable mixtures of 
ether and alcohol. The visco.se solntiou obtained is 
forced through extremely fine orifices into water, 
with the result that the solution produces an in¬ 
soluble compound in the form of a thread. A 
number of threads arc suitably twisted together and 
wound into the form of a hank. The resulting yam 
is treated chemically in order to remove the combined 
nitric acid, which if hift in would give a higlily 
explosive compound, and the substance evenfctffilly 
obtained is a pure cellulo.se, cap.able of being dyed 
most brilliant colours, and endowed with a very high 
lustre.—R. W. 8. 

Woods. Clasinfieaiion ,—A complete classification 
of woods CAU only be made on botanical principles. 
Ttie Vimiferm include the great majority of those 
known as Boet Woods, which are used in general 
carpentry and joinery, and the practice has arisen of 
denominating most other timbers as IlABD Woods 
for ti'ide purposes. The subjoined talde gives the 
genus and species of various trees, followed by the 
name of the order (in brackets). 

J*ri‘paration of Tlmier for the Market .—This 
includes (I) Felling, (2) Bquabing, (3) Bbasoning, 
and (4) Convhbsion. When the tree has been feUed 
it should be roughly squared, that the air may come 
into contact with the wood, when the seasoning or 
drying process at once commences. In monv cases 
the log is further cut in order 
to accelerate the process. 11 is 
then freely exposed to the air, 
but protected from damp and 
direct sun for a period which 
may vary from ^ree months 
to two or three years, accord¬ 
ing to the kind of wood, the 
uses to which it is to be put, 
etc. Abtifioial Seasoning 
is efieoted by drying with 
Lot air, sometimes preceded S'lo- 
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bj nnaking in water. Convkbsion is the sawing o£ 
the timber into the t^ir.es required for tije market; this 
should be followed, if j>o<«<ible, by further seasoning. 

Defvfsts of Timber .—KnAK es _ 

are cracks or flaws in the 
wood, which may have oo- 
curred during . growtli or 
which may be duo to unequal fj 
shrinkage. ('UP Shakes me {T[nrnSB^?WIJJ 
clefts following the annual 
rings (fig. 1). Heart SuAKEH 
consist of clefts which cross 
the pith and widen out as 
they approach it ^ig. 2). 

Stab Ishakes (fig. H) widen 
towards the baik. Hhinu (Ialls are defects pro¬ 
duced by growth of fresh Inyeis over an injury 
sustained by the outside of the tree during growth. 
Local decay produces defects known as roxiKi sh. 
Wet Eot Is piodm cd by decay during growth, and 


CoDinittu 

NikUion. 


J3r)ta.rucal . 


Luoalitien. 


is due to the attack of fungi. Dby Hot, to which 
timber is liable after seasoning, is also dne to fungi; 
but the name is misleading, inasmuch as it only 
occurs in the presence of moisture and the absence of 
free circulation of air. t, 

Pretervaiion. —The first essential to successful pte> 
Bcrvation is good seasoning; 
but vaiioUB artificial means 
am also very valuable. Such 
are CBKOSOTiNO and Kkanis- 

ISO (?.e.) CABBOKIBIEO or //?7/V 2?qS !\A^\l I 
ohaning the surface is valu. 

able for jux-ser^iug parts of //// 

tiinlx'r, such as posts, buried 

in the ground. Impregna- 

tion with zinc cbloiide 

(BiniNKTT’S I’BOCESS, tf.r.) J, g 

mul with copper sulpfiato ' ‘ 

arc other methods, but they are inferior to cre- 

osuting. 

CharacteiistRs. 1 ITb#*!. 


Itohinia 

pseudaeacin 
Uucnjphiamoorri 
( Ttosareu ) 
ihnis fflutinom 
(Ihtulaeeo!) 


PtcrorarjnfS 

{Lfffiiminosa') 


Jitrorynia 

(Lujuminosce) 
PyeuH malus 

(^Umacur') 

Fr<u‘iimg 

rxi eltior 
(Oli/zcrte) 


Ash, J'Vaxinus 

American america'ia 


Acacia 

( Locust ) 

Acacia 

Alder . . . 


Amboyna- 

wood 


Angelique 


AAie 


Ash, 

Hountain 
(llowun) 
Aspen. . . 

Aspen, 

Amerioan 

Bosltrood 


Pyru* attenparia 
{Itosaeeo)) 

Piijmhts tremvla. 

(^iUtltcmeee) 

Populwi 

fremvloidet 
Tilia anwritwia 
(_TUiace(e) 


Fayas sylvatiea . 
(Caput tfertp) 


Australia . 

Europe; 
America 


E. Indies 


Brazil. . 


Europe 


Amciica. 


Europe, 


*Sct> Ta)CUST. 

Fairly hard ; grows to a largo 
size 

Soft, light, smooth giain; light 
brownish tint; durable in 
water 


IJaiu, well marked, very orna¬ 
mental, and capable of a high 
polish; colour orange to 
brown ; scented 
Hard, durable in sca-w'uter . . 


Caniage work. 

Plies, si uices, and other sub¬ 
merged work; barrels, 
clog soles; also used for 
making cborcoal for gun- 
pow der. 

Inlaying and small decora¬ 
tive work. 


Bhipbuilding work. 


Hard, heavy, brittle.Turnery. 


I Tough, fiexiblc, fairly hard, close 
1 giain. nistliicti} markedgiaiu, 
light colour. 


Closer, and of lighter colour, than 
the common Ash. 

White to reddish white.... 


Many purposes where flexi¬ 
bility and toughness are 
essential — e.g. hoops, 
handles for hammers 
and other tools, shafts 
of vehicles, wheels; 
cabinet making. 

Used for much the same 
purjtose as the common 
Ash. 

Occasionally used in tui- 
nery. 


Europe . Light and soft; nearly white or Turnery and miseellaneous 
slightly tinted witli brown small work. 

N. America. Resembles the European Aspen Turnorj ; wood-pulp. 

N. America. Light, soft, but feiiriy tough and Tumejy and miscellaneous. 

close-grained; white to light N.B.—The name i.s some- 
brown in colour times applied erroneously 

, to Amerioan White Wood, 
or Ltnodendroa tulipi- 
fera (ff.r.) 

I Europe . . Heavy, hartl, very strong and Tumw work, planes, tool 


close-grained; white to light 
brown in colour 


i Europe 


tough; colour varies from 
white to almost red. 


handles, wooden screws 
and nuts, wheel cogs, 
juinters’ wood work. On 
the Continent for fuel 
and charcoal. 
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Common 

JNaoMi. 

Botoaioel Kamo. 

LMBlitiam 

Cbaractiilstteo, 

VMS. 

Binli ... 

BettUa alba 

{BtMaoea) 

1 

Europe . . 

Fine nai^a, fairly strong; colour 
yellowish white to brown 

Furninm and turnery. The 
trrigs ate used in making 
ho<^, mates, etc., in 
tanning, and for bunting 
in smoking .provisions, 
llie Imrk ^s also been 
put to many usei. 

BlMkweod . 

Aoaeia 

tutiaiMmyloH 

{Leguminota) 

Austialla . 

Hard, even, hue grain .... 

Ornamental work; abo for 
casks, turnery, and mis* 
cellaneous purposes. 

BlMkvood, 

Xadiui 

Balbergia 

{JLeffumiwtai) 

India. . . 

Hard, tough, cross-grained; takes 
a good polish 

Sleepers, and variocs local 
uses; imported for osbi- 
net making. 

Sox . . . 

Bvxvi 

tempervirent 

(^BupMrbiaeea) 

Europe, Asia, 
!M. Africa 

Very close grain: bard; colour 
light yellow 

The chief wood in wood 
engraving, turnery, etc. 

Brixr-VMd 

(Brnydre) 

Erica arborea 

(Erieaeete) 

S. Europe . 

Small tree; heavy,brown mottled 
wood 

Tobacco pipes. From the 
French name Bruyhre 
is derived the common 
name “ Briar *' as applied 
to pipes. gp 

Bntternnt 

(White 

Walnut) 

Canary, 

Ammaan 

(American 
white wood) 

Jaglaru einerca 
(JagUmdaectc) 

K. America. 

Soft, but not attacked by insects 

Sleepers and misoellaneons 
uses, in America. 

Litiodendron . . 

j 

See Whitbwood. 

1, 

Canary-wood 

Morir^da 

dtrifolla \ 
(JlttMaeca!) 

E. Indies, 
Australia 

1 

Yellow, handsome markings, and 
capable of a fine imlish 

Turnery, cabinet work. 

Cedar (true). 

Cedrut Ubani. . 
{jConifertB) 

Asia . . , 

l4|jrgetimber, sometimes over 4 ft. 
in diameter. Red-brown, loose, 
porous, and somewhat stringy 
grain; soft, not tough; scented 

Internal work. Well known 
as “ Cedar of Lebanon '' 
in ancient times; now 
little used. 

Cedar, 

Deodar 

Cedrut deodara 
{^Caniferai) 

N. India. . 

i 

A very largo coniferous tree; 
very common in N. India. 
Yellow to light brown; even 
grain; very durable 

.rrimost all purposes in 
India, from bridge buy¬ 
ing and railway sleepers 
to delicately carved de¬ 
corative work. An oil 
obtained from it is used 
as a preservative and 
antiseptic. 

Cedar, 

Cedrela iaoHa 

E. Indies, 

Colour resembles mahogany; 
very finely marked, straight 
open grain 

Fuimitare,decorati VC work. 

Monlmein 

(^MtsHacete) 

Australia 

veneering. 

Cedar, Bed . 

Junipenif 

virginiana 

(^Cvprettinvfc) 

K. America. 

Resembles cedar. 

Cabinet work, veneering. 

Cedar, 

W. Indian 

(Cuban Cedar) 

Cedrela edorata . 
(Jfeliacea) 

i 

W. Indies . 

Not as largo as the Cedar of 
Lebanon; wood much re¬ 
sembles the latter; often finely 
marked 

The ordinary Cedar used 
in England for internal 
parts of cabinet work, 
etc. 

Cherry . . 

Prunus eeraeuB 
(Botaceee} 

Europe, Asia 

Yellow to light brown; hard; 
close grain 

Ornamental work, taming. 

Cheatnut . . 

Caxtanea vulgaris 
(Jhpvdiferai) 

Europe, 

America 

Yellow to brown, fairly bard, 
durable 

Occasionally in cabinet 
work; not used in car¬ 
pentry and joinery : piles 

Chittagong. 

' wood 

— 

— 

Various ornamental woods from 
India—e,y. Monlmein Cedar 
(ff.r.) 

Red colour; fragrant; very 
durable 

and fencing. 

Decorative work. 

Cypreeo . . 

CupresKus 

iCupresHncee) 

S. Europe, 
Asia 

Used chiefly by the 
ancients. 

Deal . . . 

Piuus .... 


See 1*1KB. 


Deodar . . 

Cedrus deodara 
( C'eni/era') \ 

t 

See Cedab, Dbooab. 
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Cottmoa 

Naum. 

BoUaieal Itaiue, 

LogaliUw. 

Chanaterletia, 

1 

ItoogluFir. 

P$eud(i/tm§a 

N.W. 

A 4ny large tree; yellow to 

Spars, masts; in Aamrio* 

(Oregon rinc) 

dtmglo/iii 

{Cortifera) 

Ameriea 

reddish; very hard, dense, 
strong; straight grain 

for buildit^ and engi¬ 
neering work; use in^ 
creasing in Snghuid. 

Xbeay. . *. 
• * 

IH(apiro$ ebenum 
(^JSbenacea') 

India, . . 

Large tree, very dense; heart- 
wood very blade 

Ornamental work, turning, 
inlaying. 

XUer . . . 

Samiuctu nigra 
{Caj/tifoliacetp) 

Europe, etc. 

Stem hollow, witdi a huge amount 
of pith 

Little used, exo^t to a 
small extent in tnmiAg, 

AaMriean 

llmnt amerieana 
( Ulmacea) 

N, America. 

Tough and heavy wood .... 

Misoelkmeous uses in 
America. 

Zlm, SnglUli 

Vlmuf eampettrU 

Europe . , 

Brown to red; hard, heavy; 
difficult to work on account 
of the twisted grain; very 
durable 

Files, and other work «n- 
bedded in the ground: 
pulley blocks, wheel 
hubs, shipbuilding. 

Xla, Wyeli . 

Ulmut Montana , 

N. Europe . 

S>fter and straighter in grain 
than common elm 

, Clairs, shafts of vebides. 

Wr. . . , 

" 


A term applied to many timbers 
obtained from the ('»ni/era. 
See Labch, I’inb, SpATTce. 

■ 

n^BUver 

(Swiss I’inc) 

Ahiet pectlnaia 
(Cmiferte) 

S. Europe . 

Yellowish; very soft and easy to 
work 

1 

* 

Toy making and miscella¬ 
neous uses in Switzer¬ 
land ; |iarts of musical 
insti aments (e.g. bellies 
of \iolius, etc.). 

Khipbuilding, piles, wooden 
bridges. 

1 

Oreenluurt 

• 

Ntctaiidra rodeei 
{Lauraocte) 

W. Indies , 

Green to black; heavy (Sj>. Gr. 

108 to 1'2), tough; very 
straight grain; durable 

Oum, BUck . 

Iig»»a mult {fora 

N. America, 

Yellow to brown; tough, cross- 
grained 

Miscellaneons local uses. 

OuB, Blue . 

Jiuralgptiu 

Australia . 

Brewn to red, oross-grainwl, 
heavy, durable 

Red, har^ wry durd.blc . . . 

Bleepers, posts, building 

Oom, Bed 

mligna 
Mueailgjituit 
(rariaui /rj/eotrs) 

1 

Australia 

I work in Australia. 

1 having and miscellaneous 

1 uses in Australia. Often 
confused with Jaebah 
(2 ».) 

Qua, Sweet 

Gum, ' 

Katin 

Walnut) 

1 Lh/uidamhar 
, nfyraeijiva 

j {Jlitoiamelaeea) 

United 

States 

See Satin Walnut. 


Onm, 

TaemealaB 

\ Kuealyjptun 
' globulus 

1 Tasmania, 

1 etc. 

Resembles the Blue Gum, but 
somewhat easier to work 

Uses similar to Blue Gum. 

BUiwtliora 

i 

1 

1 Crattrgus 

oxyaca/ntha 
(Jtosapea) 
Corylvs aViUana 
\ {Cupulifirtr) 

Europe, 

Asia 

Small size; hard, heavy, light- 
coloured 

Turnei j. 

Hwel ... 

1 

Europe . . 

Small; soft, very flexible ... 

Hoops, walking-sticks. 

Hickory . . 

Hiotma 

(Juylandaecu^ 

N. America . 

Heavy, bard, very tough and 
elastic 

Carriage building, hoojps, 
and various work which 
has to withstand bend¬ 
ing. In Australia the 
name is applied to 
other woods, e,g. various 
species of Acacia. 

HoUy . . . 

Ilex aquifoltum 
QJlieiHetB) 

Europe, 

W. Asia 

Nearly white; very tine smooth 
grain 

Ornamental work, and for 
engraving. 

Hmbeam . 

Carpinus beiulus 
( Corylaeete') 

Europe . . 

Light colour; hard, strong . . 

Tool handles and misoolla- 
neons uses. 

Horse- 

.jKsculm 

Europe, 

Light colour; soft, not very 

Miscellaneous ; little used 

ohestBiit 

htpffooastatium 

(^^jnndaeeai') 

Asia, 

N. America 

durablo. 

in carpentry and joineiy. 

Zroawood. . 

'4 

• 


A name loosely applied to a 
variety of woods; e.g. varions 
species of Aeaeia in Australia, 
and to certain membois of the 
order Myrtaeea 

—s» 

Xro&wood, 

BUdk 

Olea lavrifolta . 

1 

H, Africa . 

Large tree; very hard, durable. 

Waggon bnildii^. 
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Common 

& iUlkS 


Botanical Kaiue 


Localities 


Oharaeteriitics 


IroiLWOocl) 

White 

Ironwood, 

White 


Jarrah 


Juniper 


Maple 


Kauri 


Lanoewood 


Larch 


Lignum-Titae 


Line 

(Lindcu) 

Locust I 
Locust 


Mahogany 


loddaha 

lanceola*a 

Stdtroxylon 

tnermc 

(^Sapotaietc) 

Ettealyjifiu 

maig\nata 

{Myrtfuene) 


Jvni/nntg 

ocmmvntt 

(Chtjneasiiute) 

JJi4< alypiut 

atietiieohi? 

{MyitfUta) 

AffaiJii^ awstraUs 
(At aneanneo!) 


Guaftenaitygatii \ 
{Attonanre) 

Lattv onopcea 
( i.biettnca) 


Guaiaeum 

oftn mall 
(^/ygophgllaica) 


Jtha vat tpeovg 
{Tiliado^') 

Jlynioto’a 

ItobiHia 
, jmvdacat la 
I (^Legum\nu\a) 


Suieiima I 

maJiagom 


Acer (Aeertnea) 


Mulberry 

Myrtle 

(hpurious) 


E C oast of 
Atiica 

Australia 

(bW) 


Europe, 

N Asia, and 
N Ameriea 

Australia 
tS W) 


Tale yellow colour, durablo, 
tough 

Raid, heavy, and durablo, yellow 
to lod-brown 


Zealand 


Si Amtiica 


Eiuopt, 

Asia 


\\ Indies 


LuiopL 

\\ Indies 

Lnitcd 

States 
Euioi c 


\V Indies, 
Ccutial 
Anuiica 


Merits alba 

l^Umaeeai) 


Largo tree, colour lesenibles 
: mihogany, often hating a 
j curled and haudbome gi un 
liolibhes well, and vei> durable 
under almost nnj c mdition' 
i The must impoitant ot Aubtia I 
1 hau woudb 

sni ill tree light colour, soft 


Umldiug woik in Katal. 
Bhipbiulding and iqiscclla* 


Wood paving, shipbuilding, 
gr ncial bnUding and 
en,;incenng woik | tdis 
w eiUuiaik^ t arietiesaie 
used to some extent for 
fnimtine and cabinet 
making 

Idiscdlaneous, not impor¬ 
tant 


Large tiee, hci\y, tougb, liaid. Fating shipbmldmg, and 
duiahle, though iniciuii 111 tills otlui uses similui to 
lesiictt to Jaiiah j those of Jari ih 


Europe, 
North Abia 


Eni ope, Asia 


A r< smous, liglit - colouicd 
stiaiglit g,iainul wood, teiv 
duiable and wroiLiiig well J In 
<lief limbii of New Eialaiil, 
win le It IS often teimed Kauri 
J INli 

sti light giaiiicd tougb, and 
clastit 

A laige tree when fullj grown, 
loose giallied, sott wood, 
S'mable 

l)»ik oolouie 1, terj htatt, baiel 
and (loss flamed, exteedingU 
duiable 


Mhitetoje How, soft and close 
grained j 

Blown, hold, eien gram 

\eiy heivt, tough, haul wood 
A familiar omainentul tiee ul i 
small si/e m En 'I ind, attain ' 
ing a he iglit ol 70 or SO it in 
Ainern a 

Hard, closegiam giam straight 
but cite n sbowmg a w ivy ot 
curly iignie, ehar'ieteiistie 
icddish hiiwn colour Veij 
durable, tieo fiom shakes and 
not li d h to waipmg Cm be 
obtained m veiy 1 ige logs, in 
some eascb ovei 4 It squ ue 

Light blown or reddish, often 
showing a c uilcd or moltleel 
hgure, whenee the name 
“Litdh L^fc Maple 

Yellow to mahogany-rod, hard, 
close gramed 

The name is applied in Anstialia 
to a number of woods oi small 
impoitanoe , none ot these are 
true my I tics. 


Masts, shipbuilding, buffd- 


Sbafts of i chicles, fishing 
rods, and lighf woik lo- 
quniiig Ucxibiliti 

Foies ind lidders, fencing, 
inim tiiiilxiinic, piles, 
tosoire extent in gciieiai 
eaipentrj audjoiuen 

Mis(ellineoiis suiill work, 
tninen etc ,w}(iehaid 
lu ss and tieedoni fieun 
silittmg niiihi roifj^h 
usiigc aie teqimeii 

1 iinety, eiivin^, piano 
making 

Shipbuil ling furniture, 
misec 11 UK ous 

heneiDg, tuiiiery, eabmd 
woik OJteii termed 
Acaeii 


Funuinie cabinet making, 
leneeis, turnery, high- 
elass internal juineiy 
and fittings 


Inmcry, veneers, vanona 
cabinet and ornamental 
work 

Veneering and ornamental 
woik 
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. Querotit ’' .Northern 

^i^Gu^ulifera)) Hemisphere 


Olive... . Olea fiiropaa S. Europe . 

( Oleaeeai) 

Fodonk . . Pternmrintu S.E. Asia . 

( Lf’^uminotfe) 


Faeoh . . . L: 


persiea 

{liotaeof) 

Fueh-wood . C(s»ulpina S. America. 

^ (Xegwiinoue) 

Fear . . . Pyrvt commmih Europe, Asia 

(^JiosrtCfi/'') 

Fine . . . Pimis {Conifer Northern 

Hemisphere 


Fine, Eauri .1 — — 

Fine, | Pinm palustrig . N. America. 

, Long-leaf | 


Fine, Pinvs tylvestrU . N. Europe 

Northern and N. Asia. 

Tltc Baltic 
regions arc 
the chief 


Fine, Oregon Pgeudotmga , . I N.W. 

I America 


Fine, Fitch . — — 

Fin*l, Bed . JHhus retinosa . N. America. 


Fine, Bviaa . AHetpectinata , Central 

Europe 

Fine, White. Pinu* ttrohus. . N. America. 


^ane, i Platawut Asia and 

Bastem orientalis E. Europe 

' {Platamceee} 


CbstacterUtic;. 

The most important of all hard 
woods. Colour light greyish 
yellow to dark brown. Hard; 
very strong grain, often show¬ 
ing a handsome figure, that 
obtained by cutting a log in a 
Radial direction being termed 
the “ Silver Grain.” Very 
durable; capable of taking a 
high polish 

Very close-grained, yellowish, 
somewhat resembling Box 

Hard, heavy, dark red, somewhat 
like mahogany; not attacked 
by insects 


Small tree ; hard heavy wood 

Even grain, fairly^hard; colour 
light brown ; durable 

Tlie general name Pine is given 
to a great number of woods 
obtained from trees of the 
order Cotti/erie ; to certain of 
these the nartic.s Heal and Fir 
are applied. The w'ood is 
resiiiou^ usually fairly soft, 
atraighPgrained, and easy to 
work 

See Kaubi. 

The Wtch I’INE of commerce. 
One of the harder varieties of 
pine; very res inous ; strongly 
marked grain, often showing a 
very fine figure; durable 

Scotch Fm, IIkd or Yellow 
Deal ; includes much of the 
Fib of commerce. Yellow to 
slightly reddish; stniight- 
graiued, and obtainable in 
long logs. Somewhat vari¬ 
able, according to locality and 
conditions of growth 

Tho Douglas Pink or Fib. 

• Very similar in character 
to Larch; straight-grained; 
yellow to reddish, usually 
darker than Northern Pine; 
can be obtained in very long 
logs 

Sec Pine, Long-leak. 

Canadian Bed Pine, Hard, 
tongb, reddish; contains much 
resin, and is very durable 

Light, soft; very little resin; 
easily worked 

Also known as Yellow Pine. 
Soft, straight-grained; does 
not contain resin 

Yellow to brown; fine close 

I grain, but not durable 


Uses. 

. . . . . . .!. 

Heavy work requiring |3feat 
strength and durability: 
piles, Bhipbuilding.baild- 
ing work, especially such 
pacts as are exposed to 
the weather, furniture, 
and a great variety of 
other uses. 


Turnery and sm^ articles. 

Furniture and miscel¬ 
laneous uses in India 
and Burma. 

Widely distributed; little 
used as timber. 

h 

Bom'ce of a dye. 

Turnery, T-squares and set- 
squares, occasionally for 
cabinet work. 

Building work, and a great 
variety of misoellaueous 
carpentry and joinery. 


Building, furnitnie, spars, 
shipbuilding. 


Building, spars, etc.; a vast 
amount of general car¬ 
pentry and joinery. It 
is the most important 
wood used in this 
country. 


Masts and spars, general 
building work in 
America,and now coming 
rapidly into use in 
England. 


Spars, building. 


Piano soundboards, viol^ 
bellies, miscellaneous 
purposes. 

Buildingandmisoellaaeons 
uses, especially in 
Arnica. 

Miscellaneous uses; not 
very important in Eng- 
load. 
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Common 

Kiuae*. 

Bobuilonl Kama. 

liocnlltlaa. 

(Stamoteristloi. 

trsN. 

Pin*. 

WMttra 

PhUanut 

oceidentaiiM 

N. Aukoiioa. 

Resembles the above, but coarser 
and more cross-grained 

Fuimture, veneers, and 
mlsoellaneous uses. 

PlWB . . . 

Pnmut damestiea 

Europe, 

YeRow to brown, bard, not 

Turnery, cablset work. 


(iZoMOftO) 

Asia, eto. 

durable 


. . 

Ptipuiiil 

(Salieinta) 

Europe, Asia 

Soft, light colour, not liable to 
split 

Tuniery, papeapnlm oluuv 
ooaL 

Pf^vood. . 



A name applied to various woods 
— e.g. a ^uriety of Eucalyptus 
in Australia, end to Northern 
Pine (fl-.e.) 

* 

Pedwood, 

Csliforalu 

Sequoia . . . 

West of 

N. America 

Orange to r^ ; soft, not strong, 
but withstands the action of 
soil; easily split. Known in 
England as Sequoia 

Building and general pur¬ 
poses in California; used 
in England for furniture. 

PoMwood 

1 


A variety of woods of dark colour 
are known by this name. None ; 
of them belong to the Bose 
family. 


PoMweod, 

Brasiliui 

Dalberffia 

{Leguminotai) 

America 

Dark brown to red, open-gndned, 
heavy 

Cabinet making, turnery, 
and ornamental woriR 

1 uid«lwoed. 

Santaiuni, 

(^Santalaeeee) 

' S. Asia . . 

Yellow, fragrant, hard wood 

Ornamental work, and as 
a Booroe of sandalwood 

flatinWalBUt 

lAquidamibar 

etyradjlua 
( navuunelacew) 

East of 

U.S.A. 

Reddish brown, soft, close grain ; 
easy to work, polishes well, but 
very liable to shrinkage and 
warping 

Much used for the cheaper 
varieties of polished 
cabinet work ^d fumi- 
tare. 

iatinvood . 

CJiloroeeylon 

{Meliaceai) 

S. India . . 

Orange yellow, finely marked, 
polishes well, fairly durable 

Ornamental work. 

Sequoia . . 

— i 

S^ Redwood. 

— 

Sprnoe . . 

Pieea emcelsa 

(^Conif&rte) 

N.ofEurope, 
Asia, and 
America 

White Deal, Spbdce Fib, 
White Fir. White to yel¬ 
lowish, soft, straight grain; 
easy to work, but apt to warp 

Poles and s^ors, flooring, 
general carpentry; also 
as a source of wood-pulp, 
charcoal, and resin. 

Syoamore. . j 

Acer 

yteudo-platanue 
' {Acerineo') 

Europe and 
W. Asia 

Very white, soft, easily worked, 
polishes well; durable if not 
exposed to damp 

Turnery, carveil wo|k. 

cabinet work, viffiin 

making,, and miscella¬ 
neous uses. 

Teak . . . 

Teetona gmndh 
( VerbeHOcece') 

K. Asia , . 1 

i 

' 1 

1 

Brownish red, hard, tough, often 
finely marke<l, very fragrant. 
It is somewhat difficult to 
work on account of particles 
of mineral matter; extremely 
durable, probably more so than 
any other timber 

Shipbuilding, heavy tim- 
iMsr work. 

i 

Tulip Tree . 

— 

- 1 

See Whitbwood. 


ToUp-'Wood . 

Harpullia 

pendula' 
(^Sapindacew) 

Australia . 

Black and yellow markings; 
tough and strong 
(The name Tulip-wood is also 
applied to two or three other 
ornamental woods of less import¬ 
ance) 

Ornamental cabinet work. 

Walaat . . 

'Valaat, 

Satia 

Juglam regia 
(Juglaniacete') 

EurojKiAsia 

Light to very dark brown, often 
finely marked; strong. Lard, 
durable; polishes well 

See SATIN Walnut. 

Cabinet making, familure, 
veneers, turnery, gun- 
stocks. 

'White Peal . 


— 

See Spbuce. 


Vhitewood . 

lAriodendrmi 

tvlipif«ra 

iMagnoliaeea) 

N. America. 

White, slightly tinged with 
yellow; very soft and easily 
worked; fhirly durable, but 
liable to shrinkage; takes 
stains and poliabes well. Can 
be obtained in large logs and 
wide boards, very free from 
knots 

Building work, cabinet 
making, carriage build¬ 
ing, and gener^ joinmy. 
Baldly becoming a very 
importantewood in tbif 
country. 
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Oonuuon 

NraiM, 

Botanical Noko. 


ClioneterUtica. 

Vwa '. v'. 

Wiltew . . 

s 

• • 

SaUts 

{veriotet tjgeeiet) 

Europe, 

N. America 

White, soft, smooth grain; very 
Uttle tendency to split or 
splinter; withstands the action 
of wain well 

Floats of water-Edteeis; 
eta $ brake hloclra,cSmall 
carving, and toys, cr&lari 
bats; wood-pulp, riuHri 
coal. Thin sho^ s^ie 
used extensively 'for 
basket work,bardles,'eta 

Tew . . . 

Teueut haeeata 

{Taxincee) 

m 

Europe, Ama, 
N. Africa 

Beddish, very bard, tough, 
flexible 

Cliairs,' turnery, walking* 
sticks, etc. Formei^ 
used for archers’ bows. 


Wood SoMV. A screw (;.«.) of conical form, 
having a V-thread of coarse pitch but ainaU thickness, 
and a point bj which it is enabled to penetrate 
wood. Usually made of steel or brass. 

Wood Bleopen iCivil Eng.") In Europe sleepers 
are usually of Baltic pine, soaked in creosote. Hard 
wojds are, however, preferable where they can be 
<4|^ned cheaply, and in America certain varieties 
or oak have been largely used. See Bailwats. 

Wood Spirit (Chem.') A mixture of methyl 
alcohol, acetone, allyl alcohol, aqd a number of 
other substances present in smaller quantities. It 
is largely used in the preparation of methylated 
spirit, which contains 10 per cent. The method of 
obtaining it is given under inelhyl alcohol (jr.v.) 
See alto TAB. 

Wood Tin {Min.) See Cassitbbitb. 

Wood Tnmind* Wood is still in the majority of 
cases turne<I by means of hand tools, though the lathe 
itself is usually driven by power in large shops. For 
soft wood, gouges and chisels with acute catting 
edges are the principal tools used; for hanl woods, 
tools with more obtuse edges, resembling those used 
in*biass turning, are employed. In special cases a 
slide rest may be nsed, and in certain kinds of 
repetition work automatic lathes arc of great value. 
^e alto Lathb and TVBKiitQ Tools. 

Woodwardite {Min.) A hydrous sulphate of 
copper and alumina, found in Cornwall. It occurs 
as a brilliant turquoise blue incrustation with a rippled 
surface. 

Wood Wind {Mutio). A term applied to the group 
comprising the flutes, oboes, clarionets, and bassoons 
in the orchestra. 

Woodvoridng Haohinea. A gimt variety of 
machines are employed for woodworking on a large 
scale. rLABiNO Machines are of two classes. In 
the larger class, cutting tools are mounted upon a 
revolving block (.iPZE Block) or disc, which is 
caused to rotate at a high speed while the wood 
travels past the cutter. In the other form the cutter 
resembles a plane iron, and is fixed in position, while 
the wood is moved i>ast it in a manner analogous to 
the planing machines used for metal, Movloins 
Machines have a revolving head, or cutter block, 
carrying suitably shaped cutters. Other machines 
include various forms of l^THE, machines for 
MOBTISINO, BOBINO, UOVETAILIKO, SANDPAPSBING, 
and various special purposes. Many forms of saw are 
used, of whm the principal types are given on 
y. 643 . • 

Woof ( Weweing). See Weft. 


Wool, Woollen, and Worsted Hanofaetare. The 

manufacture of woollen cloth is one of the oldest of 
the national industriea Historical evidence shows 
that the carding and spinning of wool and the vreaving 
of woollen yarns was practised by the Bumans, and 
it is probable that these arts were fostered at Win* 
Chester and other places in the south. The iudustry 
received a stimulus daring the persecution of tltO 
Huguenots and the importation of the Flemish 
weavers into this country in the sixteentli century. 
Biill, up to the end of tho eighteenth century the 
mannfacturo of all classes of fabrics was chiefly a 
manual process. The transformation from this period 
to that in which machinery was gradually invented 
and applied to almost every branch of textile produc¬ 
tion occurred between the last decade of the eight¬ 
eenth century and the first three decades of the nine¬ 
teenth. IJke many other industries, the manufacture 
of woollen and worsted fabrics has been greatly in- 
itoenced by mocbanical inventions. The more 
importaut of these have been originated and per¬ 
fected by British manufacturers and machinists. 
The Carding machine, Spinning frame, Bower loom, 
and the mechanism for finishing and pressing the 
cloth after weaving, have all been English or Bcotch 
inventions. Since 1875 Germany, France, Belgium, 
and America have made rajud progress in the con¬ 
struction and building of textile machines. In the 
woollen and worsted industry, however, the ma¬ 
chinery of English makers is still in high repute 
on the Continent, and is almost solely used in the 
mills of the United Kingdom. In other words, 
whilst machinery constructed in this country is ex¬ 
ported to the woollen and worsted centres on tho 
Continent, that of German and French firms, with 
the exception of milling machinery and one or two 
types of finishing raacliiucs, lias failed to obtain a 
place in British factories, and cren these have 
only been used to a small extent. Woollens and 
Wobstedb: Tbe trade in fabrics made of wool is 
divisible into two sections, termed woollen and 
worsted respectively. To tbe uninitiated the differ¬ 
ence is not obvious, especially when it is considered 
that tl>e same variety of wool, and the sameuiuality, 
may bo used in both manufactures, but with totelly 
different results. Tho early distinction was that a 
longer staple of wool was required in making vH/rttad 
yarns; but the invention of Noble’s combing machine, 
and the many improvements added to its construc¬ 
tion, have removed the cause for this diiCcrenUation, 
and it is q.ow feasible to deal with wool of a com- 
))aratively short staple on the worsted, as well 
as on the woollen system of yam manufacture. 
The grading of the material into woollen and 
worsted is due to the routine of yarn manufalitare 
practised. Briefly defined, the blending, cardii^, 
and leaning machinery for treating wool in makipg 
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a WoOLiiEK yABW results in all kinds of fibres— 
curly, shoit, and of various lengths—entering ibto 
the spun thread. ’Moreover, these fibres, which in 
carding undergo a certain measure of combing or 
straightening between the wire teeth of the card 
clothing on the cylinders, are recrossed and blended 
without any attempt at parallelisation. As regards 
WOBSIED Yakn, on whatever system it may be 
made, and even though carding may form one of the 
processes, the chief object is to bring the fibres as 
far as possible into a Hue with each other by combing, 
etc. Another clement which accentnates the difPer* 
cnee between the two threads is that in the combing 
process a quantity of the short, iicppy fibre is ex¬ 
tracted, so that only the straighter and longer fibre 
passes into the top, and subsequently into the roving 
and the yam. A comparison of the condition of the 
materials of these two typical threads, when canled 
and combed, shows that the fieece of fibres in both 
instaqces possesses uniform density and adhesive¬ 
ness ; but in all other points it differs. In the 
carded state the fibres are crossed in every conceiv¬ 
able way, but in the covibed state they are straight 
and parallel. The top (combed wool) when opened 
out is found to be very free from curly and neppy 
clusters of small fibres, and subsequent processes 
further level and straighten the ribbon of fibres, 
which attain a degree of parallelism that would appear 
impossible by mechanical routine when the matted, 
felted, natural state of the wool is considered. 
It is, therefore, the Vabn Btbuctubh which forms 
the distinction between woollen and worsted fabrics. 
The processes of weaving and finishing through which 
each yarn passes do not necessarily bring about any 
differentiation between the fabrics produced. Tint 
is to say, if the wool were treated on the woollen an<l 
worsted principle.s, and made into yarns of similar 
counts or diameters, and each made into the same 
build or struc;ture of fabric and submitted to similar 
finishing routine, yet the woven textures would in 
chaiacter be veiy distinct from each other. The 
Woollen Cloth would be denser, warmer in the 
wear, and apparently the closer structure. This 
arises from not ha^i^g removed any of the short 
fibre from the stajde of the wool. On the other 
hand, the W 0 B 8 TED would be smarter, brighter, and 
have a better appearan<‘e. There are more points of 
resistance to tlie friction of wear on the surface of a 
woollen than on a worsted cloth, and this is one of the 
chief reasons why the worsted has a greater tendency 
to become shiny or bright wherever it is Bubjccte<l 
to friction. These general characteristics apply to 
all kinds of woollen and worsted cloths for whatever 
purpose manufactured. Woollen cloths are made in 
all weights from 7 or 8 oz. up to 32,34, and even 36 oz. 
per yard (54 and fi6rin. wide) for the heavier types 
of overcoatings. There is not the same diversity of 
weight in worsteds. Fashion has removed the great 
lines of demarcation between fabrics for men’s and 
women’s wear. Only a few years ago the dress trade 
was distinctly an alpaca or mohair manufacture. 
Such fabrics are still produced, but are pew largely 
substituted by woollen and worsted costume clotjtis 
of Cheviot, Saxony, crossbread, and Botany yarns. ‘ 

Soutine of Manufacture for Woollens». This can 
only be ve^ briefly sammarised. The wool, in the 
first place, is sorted or classified as to quality. It is 
naturally in a greasy condition, the ordinary English 
crossbred wool averaging 25 to 35 per cent, of greasy 
matter ; but the fibre merino wools, such as Saxony, 
Australian, and New Zealand, as much as 60 per cent. 


and more. This is removed by scouring in large 
tanks or bowls, usually three or four in number, after 
which the wool is passed through a machine known 
as the teazer, which separates the matted locks of 
fibres and prepares it for carding. Should the 
material be for coloured yams, after scouring the 
wool is dyed, in which case tearing both dkentangles 
the locks of wool and blends the ooloui;g together, 
producing a mixture. It is now carded. CbAolNGf 
consists of passing the wool between fine wire teeth 
on a series of large cylinders. Over these are a 
number of smaller rollers similarly covered, the 
function of which is, first, to impede the forward 
l>rogrcss of the wool, and, sedbna, in conjunction 
with each other and the quickly revolving cylinder, 
to fully open out the staple, ultimately separating 
fibre from fibre. At the same time, re-blending or 
re-crossing of the filaments continues. The work is,, 
therefore, twofold in character: first, to dislocate 
the natural positions of tho fibres in relation to each 
other; and, second, to re-cross, mix, and work them 
into a fleece of continuous length and similar density 
throughout. Attached to the last cylinder of tho 
carder is what is termed a condenser, which remo#s 
lire fleece from the cylinder, and then divides it into 
narrow striiw which may bo robbed or rolled into 
thick, soft thread.s. HPINNIKG: These are taken to 
(he spinning frame, known as the Mule Jenny, and 
spun into yarn. The process consists in intermit¬ 
tently delivering lengths of the condensed thread or 
sliver from large Iwbbins by passing t)iem*bctweon 
a pair of rollers and attaching them to spindles fixed 
in a carriage or frame travelling alternately to and 
from the fixed rollers. Lengths of sliver are, first, 
delivered whilst the carriage makes a portion of the 
outward traverse, the spindles at the same time 
revolving. The rollers cease to turn, but the carriage 
continues its movement, and the speed of tho 
spindles is increased. During this period drafting 
or attenuation of tho thread is effected as twist js 
inserted. Tlic carriage liaving reached the tcrmiifa- 
tion of its traverse, the spindles continue to revolve 
for tho final twisting. As tho carriage reverses its 
traverse, the threads are held in a suitable position 
to be wound in a conical form on the spindle. 
VVeavinq is the next operation, and is the same in 
principle in both woollen and worsted fabrics. Tho 
yams are first waiped or ananged after a prescribed 
pattern and length, and wonnd on to tire loom roll 
or beam. Before weaving can be accomplishe<1 the 
threads are drawn through small metal eyes of the 
lieuld shafts or heddles. These shafts rise and fall 
when the loom is in operation, each lifting or de¬ 
pressing a series of threads in the warp, making a 
division termed the “shed.” The shuttle carrying 
the weft passes between the lifted and depressed 
yarns. For each pick or thread of weft conveyed by 
the shuttle the healds change positions. The weaving 
of a piece of cloth is the repetition of a certaiu 
series of clianges, according to tho numbei^ of 
picks in each round of the w'eave or design. The 
yams which form the length of the cloth arc, 
therefore, complete at the beginning of weaving; 
but the weft is added thread by tiuread, forming a 
woven piece. The routine after weaving consists of 
scouring, milling, or felting, and in some instances 
raising—that is, covering the cloth with fibre, 
cutting, removing the surface fibre, and pressiBg. 

Soutine of Woridtd Tam Manufaeture.*-'Th& wonted 
industry consists of two distint t sections: (a) The 
manufacture of the yarn and (() the manufacture 
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and ficialiing of t-lje fa>)rio. In this respect it differs 
from the woollen industry, which is usually carried on 
throughout the whole range of manufacturing in one 
factory. This departments division has, in a measure, 
contributed to the success of this important branch 
cf the all wool industry. A section of the trade h.os 
thus been confined to producing economically every 
variety of*yarn, and another section to the manu- 
faotuae oP the woven texture. Consider first the 
Pboditotion op the Yabn. There are three distinct 
methods s (») By the processes of carding, combing, 
gilling, drawing, roving, and spinning, resulting in 
the fine Botany and also crossbred yarns used in the 
manufacture of worsted coatings, suitings, trouserings, 
and costume fabrics. (6) For long wools, preparing 
by gilling and following with a similar series of 
OTOrations. (c) The first routine, with the exception 
or combing. This produces a yam which has some 
of the qualities of a worsted and some of a woollen 
thread, and is suitable for Scotch and Kidder carpets. 
CoHBiKO is the process by which the carded orgilled 
wool is straightened, and the fibres laid in one 
common line. This is done by forcibly drawing the 
vsaol between fine teeth, and delivering it in a con¬ 
tinuous ribbon of fibres, knowm ns top. Tart of the 
work also consists in extracting short, curly fibjo, 
which is termed the “ noil,” so that ilic top is free 
from much of that neppy filament which is seen in 
the carded wool. The machines on which the work 
is done are known as the Koble, the Square Motion, 
and the*Nip Combs. Whilst very different in con- 
structhm and working, the results acquired are 
similar. Gilling is performed in the gill boxes, 
which possess two pairs of rollers, front and bad, 
revolving at different speeds. Between these are 
placed the fallers, irem burs studded with fine vertical 
teeth, and which travel from the front to the ba< k 
rollers at a higher speed than the feal rollers, but 
slower than the delivery rollers. K()aohing the end 
of the forward traverse, they drop on to a lower 
i^cw, and are conveyed back to the front rollers, 
and replaced on the upper screw. The wool pa.ssing 
between the first pair of rollers is drawn between the 
teeth of the fallers by the delivery rollers. In other 
words, there is a drafting or drawing out of the wool 
at two points by the fallers from the frtnit rollers, 
and by the deiivery rollers from the fallers. The 
fibres of wool are thereby further straightened .and 
parallelised. Dbawino : In the first drawing boxes 
a similar process continues as in gilling, several 
ribbons of wool being drawn out to tl\e thickness of 
one. In the finishing drawing boxes the fallers and 
gill pins are not used, but several thick ribbons of 
fibres arc combined and attenuated to the thickness 
of one, and furliicr reduced in size at each box, and 
W'ound on to smaller bobbins each time, until the 
roving box is renohed, where the, material begins 
to assume the form of a thread, which by twist 
can be converted into a fine weavable yam. 
Bpinnino: This is different from the operation 
pAformed on the mule spinning frame used in making 
woollen yarn. It is on what is knowm as the “ con¬ 
tinuous ” system ; that is to say, the threafl is eon- 
tinnously delivered and spun, not intermittently. 
The rovings pass between two pairs of rollers revolving 
at various speeds, where furtlier drafting takes place, 
and are spun into yam on three systems. First, the 
Flyer, which is similar in principle to the distaff or 
single spinning wheel, only the spindle and flyer are 
in a vertical instead of a horizontal position and 
duplicated a large number of times. Second, on the 
Cap Frame, where the bobbin is covered with a metal 


cap and the thread rapidly revolves round th« lovrer 
rim of the same as it is spun and wound oo, tO' 
the bobbin. Third, on the Bing Frame, in whit^ a 
small ring or «traveller " is placcaon ametairim and 
guides the thread during spinning on to the bobbizu 
WEAVING: The industry is divided into the 
spinning and weaving of (a) Long wools, such as 
those grown in Leicestershire and Lincolnshire!, 
suitable for dress and mantle fabrics; (5) Crossbred, 
a coarse stapled wool, such as that grown in many 
parts of Great Britain and Ireland, and also largely 
imported from the Colnnics and made into serges 
and dress fabrics ; (a) fine wools of the Botany type, 
principally from Australia, the Cape, and South 
America, and which are u.sed in the medium and 
finest qualities of worsted fabrics. Worsted fabrics 
comprise a very wide range of woven productions. 
Broadly speaking, they may be classified under two 
heads, namely, Tieoe iBfB and Fancies. As the 
term suggests, tiio former are dyed in the piece, and 
are usually coatings, suitings, and costume cloths, 
Fancies are top or yarn dyed ; that is to say, the pieces 
are made of yarns in which the material has either 
been dyed after combing or after it has been spun 
into the yarn, the first being the most usual practice. 
Fancies, in addition to the fabrics named under 
piece dyes,‘also include many varieties of dress and 
blouse materials, vestings, trouserings, and covert 
coatings, all of which are capable of many sub¬ 
divisions. A feature about worxted fabrieg, as dis¬ 
tinguish'd from the woollen, is the diversity of weave 
design obtainable. It follows that they are richer in 
technical weave effects, and also dearer in colour 
than the ))attems produced in woollen yarns. Many 
Scotcli tweed manufacturers, whose trade was 
ftrmcrly confined to suitiug cloths, or what may 
be more correctly defined “men’s” fabrics, now run 
ill the same mill many varieties of textures for 
costumes, vestings, suitings, etc. The worsted trade 
is more dejiartmental, one cause being that a much 
lighter construction of loom, and one capable of a 
higher speed is employed, being better adapted for 
the weaving of worsted dress and costume fabrics 
than the loom used in the suiting and trousering 
trade. The chief centres of the differi'iit branches 
of the industry are ; For tho Fink VV’ottSTED Tbadb ; 
Huddersfield, Leeds, Bradford, TIalifax, aud the west 
of England, though some worsted manufacturing is 
also done in the border towns of Scotland aud in the 
south of Ireland. The Tweed industry is chiefly 
lowited in the south of Scotland and Wales; a medium 
quality of tweed is also made in the West Biding of 
Yorkshire. B'ine Saxony Cloths are produced in the 
west of England and tlio West Biding of Yorkshire; 
Flannels in Yorkshire and Wales; Blankets and 
Bugs in the Dewsbury and Sowmby Bridge districts; 
aud the low woollen industry fon-rcady made clothing 
is carried on in the West Hiding at Batley, Dews¬ 
bury, Morlcy, etc. It should, iiowevor, be observed 
that tliese divisions are not always strictly adhered 
to, as there are some mills engaged upon fancy 
woollens, fine worsteds, and serges in each of these 
centres.—»I{. B. 

' ' WooUfin Blanket. See Blanket. 

Wool Scarlet. See Dyes and Dyeing. 

WooIvAoh and Beading Beds {(feol.') Tlie middle 
division of the Lower Loudon Tertiaries. See Stbata, 
Table of (in Appendix). 

Wopcester (Pottery), The Worcester poroclain 
works were established in 1751, by Dr, Wall, of 
Worcester. In 1783 the business w^as purchased bji 
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Mr. Flight, and snbseqnently passed through the 
following periods: 1793, Flight it Barr; 1807, Barr, 
night & Barr; 1818, Flight, Barr k Barr. In 1840 
the manii factory was nnited with that of Messrs, 
Chamberlain, a rival factory in Worcester. The 
manufactory is carried on by the present Eoyal 
Tolrcelain Company, and it is the only Porcelain 
Works in England with an unbroken record of 
more than 160 years, Worcester has been noted for 
producing a greater variety of designs, eec., than any 
other porcelain manufactory, commencing with simple 
blue and white wares, up to services and vasas 
decorated, painted, and gilt in the most costly 
manner, combined with judgment and taste. 

Work (il/or7<.) If a force be so applied as to over¬ 
cope a resistance and produce motion, it is said to 
do Work. The measure of the work done is the 
product of the force into the displacement which it 
effects. If a force of one Dyne act through a distance 
of one centimetre, the amount of work done is termed 
one Ebq. If a force of one poundal act through 
one foot, the work done is one Foot Pot;srD.\L. If 
a force equal to the weight of one pound act through 
a distance of one foot, the work done is one Foot 
PouiTD. TLo latter is the English engineer’s unit of 
work. 

Working (Jfi«fwy). A general term used cither 
for a mine a.s a whole or for some part thereof, e.g. 
a level, drift, stope, etc. 

Working Cylinder (A’»y.) ITie cylinder of a gas 
engine, etc., in which the actual explosion occurs, as 
distinguished from a separate cylinder used for the 
purpose of compressing the charge. 

Working Drawing. A drawing showing the 
details and dimensions necessary for w’orkinen en¬ 
gaged in the construction of the object in question. 

Working Face (il/mtity). The surface which is 
actually being excavated. 

Working Fat {Platt.) A term used by plasterers 
to indicate that the [liaster works smoothly (with less 
labour). 

Working Load {Png., etc.) The lead to which a 
machine or structure is subjected in ordmary use. 

Worm {P^ng.) A coarsely cut sci-ew, usually 
engaging with a W’oBM Wheel {g-v.} 

Worm Wheel {Png.) A form of gear wheel whose 
teeth are cut in such a form that they engage 
smoothly with a worm or coarse threaded screw. 
Tlte latter has in general its axis at right angles to 
the wheel, which it drives. 

Worsted Hanufactore. See Wool. 

Wraitbe {Textilet). A coarse reed or comb (which 
will expand or contract), used in the beaming or 
warping processes. 

Wrapping Papers. Tliese are prepared from 
chemical wood pulp, jute, or manilla. 

Wrench {Png., eto.) A SBAstneb (jf.v.), usually 
having adjustable jaws. 

Writing or Printing Telegrnph. See Tele- 
GiupaT. 

Wrong Feimt (J^pog.) Letters of a difiEerent 
*'fsoe,'’ though of the same body. See p. 666, 
EiXPLAKAIlOBS. 

Wrong Clalt {Zmco Mamtfae.) When a carriage 
becomes diverted from its true course and is forced 


into an adjoining groove or comb that is alresdy 
occupied. 

Wroi^hi Iron {Met.) See Inon, 

Wulfenite {Min.) Molybdate of lead, PbM04. 
Tetr^nal; yellow to brown. Scotland and CSentral 
Europe. 

Wyvem, Wivem {Mer.) An imaginaay beast, n 
' species of dragon but having only two legs and feet 
or claws. It has also two wings, and a tau like 
a serpent “ nowed ” and “ barbed.” 

X Rays. Bbntgen Bays; eee Radiation, 692. 

jr. The symbol used in matbSmatics for an un¬ 
known quantity, a variable, an ordinate, etc. 

HN-CO 

Xanthine (CTm.) 00 C.SH 

1 11 '^CIl 

HN -C.N^ 

Ordinarily forms a crystalline powder. It can be 
obtained in very small rhombic plates by addition 
of acetic acid to a hot dilute alkaline solution, y; 
sublimes without melting, but with decomposition. 
Very slightly soluble in water (about 1 in 14,000), 
more soluble on boiling, insoluble in alcohol. As a 
weak base it fortus salts whh strong acids, and the 
salts are hydrolysed by water. As a weak acid it 
dissolves more readily in alkalis (ammonia, caastiq 
potash) than it docs in water, forming salts with 
them. Its lead salt yields theobromine {q.%.) with 
mclhjl iodide. Xanthine is precipitated from its 
solutions both by pLosphotuugstic and phospho- 
molybdic acids; it is also pruci]>itated by meronrio 
chhiride solution. It forms a salt 'with silver nitrate, 
CjH^NjOjAgNO,, when a solution of its nitrate is 
prooipitated with silver nitrate. When dissolved by 
warming in fresh chlorine w’atcr, evaporated to 
dryness, and tbo residue exposed to ammonia gas 
under a bell jai-, it gives a rose to purple red colour, 
which changes to blue violet on adding caustic sudb 
(Weidel’s test); dissolved in hot nitric acid and 
evaporated it gives a yellow residue (whence the 
name Xanthine), which is turned to orauge by caustic 
soda. Xanthine occurs in normal urine in traces 
(Kriiger and Raloinou obtained 13 grams from 
10,QUO litres of human utiue); in lai^er amount in 
certain diseases. It is formed by thcsolf-digestii/n of 
several 01 gans oi the body—liver, thymus, suprarenal; 
also by the self-digestiou of yeast. It is also found 
in several foods (tea, malt), in lupin seeds and 
pumpkin secils. It is obtained from guanine by the 
action of nitrons acid. It has been synthesised as 
follows: 2:6: S-triehloiqjurine {»ee FuBtKKS) is 
heated with excess of sodium ethoxido at 10(f, when 
2:6-diethoxy-8-chlorpurine is obtained. This com¬ 
pound may be hydrolysed by boilin|' with hydrochlorio 
acid, and the product reduced with bydiiodio acid, 
or it may be reduced with hydiiodic acid : 


N - C. Cl 

• 

1 1 

Cl.O C.NH 

•-> 

II li Cl 

CgHjONa 

N-C.OOjHj 

1 1 

HN-CO 
ol <i.NH 

C C.NH 
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The Xanthine bas^ are the same as Purine bases 
{tee PUBiNJK). 






Xanthoues (CA«m.) (Dibeoxopyronea.) Santhone 
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CCO:-“ 
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a white crystal- 


OH 0 CH 

line solid (peedles); melts at 174“; boils at 260“; 
insolubk in»water; sparingly soluble In alcohol; 
more soluble in benEene; dissolves in concentrated 
sulphuric acid, showing a blue fluorescence. Fused 
with caustic potash at 200“ it yields ortliodiozy- 
bensophenone, CO(C,H^OH), It does not yield a 
h^rasone or oxime, fia treating it with magnesium 
phenylbromide and hydrolysing the product it yields 
a pseudo-base (ff.?'.), which yields coloured salts : 

HSO, 


/ 0 \ 

/ \ 

CJl, OH 

Fiieado-Umie. 

reduction with 
H 




Coloured Sulphate 
(Quadriraleut oxjgeo). 

zinc dust zanthone yields 
OH 


xanthhydrol 


■aB' 


which is also a 


pseudo-base and yields coloured salts with acids, e.y. 
CU 


CCX) 


Hydrochloride. (Quadriralent oxygen.) I 


O.Cl 

Xanthone is obtained by distilling phenylatecylate 
(Salol) : 


/on 

2C.h/ 

\ non 




/ 0 \ 

.co/ 


C.H, 


It is also obtained by heating salicylic acid with 
acetio anhydride, the reaction being quite similar to 
the above, saiicylide being formed first. Euxanthonc 
is 1:7-dioxyxanthono—a yellow solid crystallising in 
needles and melting and subliming at 237“. It occurs 
in the pigment Indian yellow (d.u.), which is the 
magnesium salt of euxanthic acid. Enxanthic acid 
is a comprmiid of euxanthone and glycuronic acid. 
The^igment is obtiuned as a deposit by heating the 
urine of oows which have been fed on mango leaves 
(Heugal). To obtain euxanthone from the pigment 
it is exhausted with water, then with dilute hydro¬ 
chloric acid,and the residue extracted with ammonium 
carbonate. From the ammonium salt hydrochloric 
acid precipitates euxanthic acid, which on hydrolysis 
with dilate sulphuric acid yields euxanthone and 
glycuronic add. 


Xantbimroteie RoMtioa (,Chem.) A test for 
Jlroteld Buostftnoes depending on the production of 
yellow colour when the substance is heated with 


strong nitric acid <the reaction may oopmr'willEmiit 
beating) which is intensifled onaddition of 
The o^ur depends on the formation of arenmtio 
nitrb-componnds such as piotic add. A 
instanoe of the test is seen when nitrio acid geit# On 
to the bands. 

Xantliorahea (J^ufeny). A genus of the £Uiaee 0 l 
X. h^Uii, the Anstndian grass tree, yields a tosin 
used in the manufacture of s^ing wax and vamid). 

XanHiodderite (Min.) Hydrous ferric oxide* 
Fe^O.. 2HgO, containing 67 per cent. iron. It occurs 
nsuafly in fibrous mosses of a yellow brown colour. 
From the Harz, Ireland, etc. 

Xe (Chem.) The symbol for Xbkoh (q.v.) 

Xenon (Chem.) Xe. Atomic weight, 128, 
colourless gas; boils at — 109°; it is a solid at the 
temperature of liquid air; has a monatomic molecule; 
no reactions. It occurs to the extent of about 1 
volume in 20,000,000 volumes of air, and is obtained 
from the less volatile portion of liquid air (after 
removing the remaining oxygen and nitrogen) by 
fractional distillation. It has a charaderistie 
spectrum containing many green lines. 

Xerophyte (Botany). A plant modified for redac¬ 
tion of transpiration, owing to conditions in the 
soil preventing the normal absorption of water by 
the roots. Xerophytes are characterised by Icatheiy 
leaves, thick cuticle, sunken stomata, etc. 

Xoanon (Areliteol.) The term applied to a primi¬ 
tive kind of statue, supposed to be the result of 
superhuman work, and revered accordingly. 

Kylem (Botany), The term applied to the 
wood of plants. It consists of wood vessels and 
tracheides—two forms of water-conducting tissue— 
and a variable amount of wood fibres for support. 
Cy. runoEM. 

Xylenes (Dimetbylbenzenes). There are 

three xylenes: 

C.CH, C.OH, C.CH, 

HCr^C.CH, HCj^.Cn HCr'^^CH 

Hcl^CH Hcl^C.CH, HCk^CH 
CH CH . C.CH, 

Ortlioxylooe. MetAxylene. FaTaziIsna. 

M.r. - 28 “ M.r. - 64“ M.r. + 16“ 

B.r. 142“ B.P. 189“ B.r. 138“ 

They all occur in coal tar, but metaxylene to a far 
greater extent than the others; thus commercial 
xylene from coal tar contains from 70 to 87 per cent, 
metaxyleue. They can all be obtained by the 
general methods for obtaining benzene bomologues, 
efz. (1) Fittig’s reaction (q.v .); (2) Friedel and 
Craft’s reaction (q.v .); (3) by distilling the sodium 
salts of suitable carboxylic acids with soda lime, e.q. 
metaxjlene from mesitylenic acid. See MbSITY- 
LENB. They arc all colourless liquids, smelling like 
benzene; insoluble in water. When boiled with 
dilute nitric acid the orthoxylene yields orthotoluio 
acid; tlie metaxylene is only slightly attacked; the 
paraxyloue yields paratoluic acid. On farther action 
of utric acid the ortho- and para-compounds yield 
the corresponding dioarbozyllo acids. Boiled with 
potassium permanganate they behave in the same 
way as with dilate nitrio acid. Chromic acid oxi¬ 
dises ortbuxylene completely to carbon dioxide and 
water, the other two to the ootresptmdmg diosr- 
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boxylio acids, llic Tno'4 important of the three 
xylepcs is metaxyleue, wbicsh cab. be separated from 
commereied j^Ieno hj boiling' with dUnteA nitiic 
anid, distliHog the product in steam, shaking the 
distiJlnie with oanstio soda to remove aoids, drying, 
and disiiying over the meiaxylene. Melaxjleno is 
important beoause of its nso in making dyes. A 
* ^ , CH, 

nitroxylene i I can be prepared from it 

kJcH. 

NO, 

in the usual way. See NlTKO-COMPOUKDa. This 
nitro-metaxylene on reduction (iron and hydrocliloiic 


acid^ yields mclaxylidine. lletaxjlcnc al'»o sid- 
phonates like benzene, but it yields two iMimenc 
snlphonio acids. JRxamples of cljes prepared with 
the uqe of xylene derivatives aie: MeAhyleue violet, 

(CH,);NC,nX I >C,H(CH,)^H, 

a'N 'i 

A 

(1 CelI,(CTt,), 

ahich is obtained by the action of nitio&odimcthjl- 
aniline hydrooldoride upon the hydiochloiide of 
metaxylidino (and some paraxj lidine). A mimbti 
of scarlet djes aiederived fiom metaxjlidine; eff. 
Ponceau 2 It or Xjlidme seailet. 

c,n,(ciuN-N.c,,u^ — 

which is obtained bj the action of /S-naiihtholdisnl- 
phonic a< id B on a dia/osalt oi metaxj lidine. * 

Xylidine ( ('linn.) fiiv XYI,n^ES. 

Xylography. (1) Wood engiaving: s>c p. 202; 
(2) Priiiting tiom engiaied wood blocks. 
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Xylometer. An instrument for taking certain 
measuioments in determining the specific gravity oi 
woods. 

Xylonite. A form of CuLLupoiD (^.A) 

Xylophone (il/Mie). A musical instruimnt con¬ 
sisting of graduated blocks of resonant wood, which 
aie Btiuck by two small hammers. 

enpu 

I 

n. c. OH 
1 

Xylose (07jc»h.) no.rn 

h.Loh 

i’HO 

A five carbon atom augar (pentose). .Crystallises in 
white needles; melts about 116°; readily soluldc 
la wat«r ami in hot alcohol; ta.stcs sweet; is dextro- 
rotatoiyand shows multi-rotation. Ouiedmtion it 
yields the corresponding alcohol, and on oxidation 
with bromine water it yields a monocaiboxylic acid. 
On exidalion with nitric acid it yields a dicaiboxy lie 
acid—trloxyglntajlc acid. Jt gives a tetra-ncctate 
with acetic anhydride, and sodium acetate and an 
osazono with phonylhydrazine. Xylose does not 
uixlcrgo the alcoholio fermentation. It has been 
synthesised, and is known in the Isvo- and inactive 
futsis. % splitting product of certain 

pneieo {troite;|ds, and so oeonrs in various organs of 


the body; it is also occasionally found in urine. It 
is a product of the hydrolysis of wood gum, but the 
wood gum need not be prepared firsi*; thus it can 
be obtained from chopped wheats straw by first 
digesting with dilute ammonia, then bydyolysiag 
with dilute sulphuric acid, and in a similar manner 
from brewery grains, /ice also BctiAas and Osazokbs. 

Xyst or XystoB (^Arehffect.') In cl^sical archi- 
tectuio, a covered portico or other place ft which 
athletes exorcised. 


Y (jChcm.') The symbol for Yttrium (fl'.r..) 

Y Level (Surveying). A level so called beoause 
the telescope is mounted on forked rests called 
“ YV’ ftom which it can l>e lifted and reveised. A 
foim of theodolite is called the “ Y Theodolite "for a 
bimilai reason. 

Y Theodolite (Surveying). See Y I.ltel. 

Yak. A Tibetan species of ox (Jhs grnmiens), used 
as a beast of burden. The milk in oi good quality, 
and t lie long silky hair is woven into ro|>os. « 

Yam (Botany). The plants of the genus 
JDiosiueea (ordei, Bioaeoreaceie). ale chamctcriHi'd by 
having large iiiideipround tubers of a starchy nature, 
used in the tiopics lor food. 

Yam (Terttle Manvfac.) A gineial term for the 
spun thicad picparcd lor the wtavci, ciU|fr warp oi 
wift. The yam is tltliutd as suit spun, medium 
spun, liaid spun, acooitling to the amount of twist 
it has received. *v<cW.VKi* and Wot. 

Yarn Coonte ( Teartile Man ufar ) The fixed length 
or weight for determining the counts, size, or 
diameter of a jam Si‘e Corsis. 

Yarn Testing ('J'o,tlde Manutae ) Yams arc 
tested by spi cial appaiatus lor twine, breaking strain, 
and elasticity. 

Yaryan (Paper Manvjae.) The term npjdied to 
an ufipaiatus used lor uvaporaung spent liquor to a 
small bulk. 

Yataghan (Amis). A Tnrki-h swoid with the 
blade doubly curved, . 10(1 the handle devoid of eruard. 

Yb (Chtm ) lie symbol for YTTi-itniLM (q.v.) 

Year, Civil (Astron.) A civil year consists of 366 
mean solar days, except tlat oviry fourth year one 
extra dav is adclcd (Lt‘ai» Yeai.l This extra day 
products au erior ol ovtr throe day's in 400 years, 
ihcicfoEC in the Gi(>g(jriun Calendar, tinec days are 
omitt* d cveiy fourth oontniy. The avetago loiiglh of 
the civil year then coincides very nearly with 
the Tiopicai Year. See Yeab, ITiOPioAL. 

- , Sidereal (Astrm.) The interval betw’een 

two‘successive passages of the Sun tliiough a point 
on the Ecliptic, determined by a icfcrcnot' to some 
Fixed Star. • 

-, Tropieal (Astron.) The inteiwal between 

two successive passages of the Bun thiough the 
F^t Point of Aries. The Tropical Year colnoJdes 
wifli the seasons, but does not contain an exact 
dumber of days} its length is very neariv 365 days 
6 hours. For this reason the Civil Year was devis^. 
See Ykae, Civil. 

Yeast. A fnngvjB belonging to t}^o genus 
eharontyres. There are several forms, such as Bbub 
Yba8 T, seen only in a cultivated form; and Wins 
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?»*«*• Kxxxming bi iks »ol} of vineyards. Site' 
plant oonsiata oT ttiniAe oiganised oelts oontalnUig 
gnnnlar matter, iflie eltlle a certain temperatnre ' 
mnltiply enorniondy-by budding;, and oanse al««^cdie 
farmeoiation. 

Tallow/ diM Cdijotma, Pbiwahv. 

TaUew, Chrome. See Obbohs TBiiUnr. 
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orthevhdtnbla. ColowbtaQk oi^ihtowtai 
tin, and nraninm am alao aomotinjlia 
Swsdm, ' • » ' ^ 'Sk ' 

Tomb (J^Many). A vmU kno«rngg{|^i;a*(^^ 
I4U»eem, native to North and A 

fibre ot eoneideiiable value is obtaiaOll XjiKMtg nvir^ 
species, * ’ • 
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-yfildbut. &» IKDIAB YELtOW. 

Tallov laamine (jSotam). A North Amesriean 
j>Iant, Qeltem»m niUdum (lMgan%aee<e) inat theeuU 
tivoM ja4tm'i)u), used in pbarmacy as a nervine and 
febrifntm in the form of an alcoholic extractive 
(Oelsemin) and an alkaloid (Oelseniina). 

TeO«wOflhm(f7ii<n».) An impure ferric oxidr. 

—~ {Min,) A variety of Limonito {q.v.) need 
as a pigment. From Pary’s Mine, Angiesea, and 
Saddleback in Cumberland, etc. 

Tellew Pmuaiate of PotaWi {Chem.) A common 
name for putasunm ferroojanide. Sm Potassitjm 
COMPOUKUB 

ifallow Topai (Min,) A synonym for Citrine, 
a clear yellow variety of Quarts (j.v,) See alto 
Pbboiocs fiioNias, Jf. <559. 

Tellonr Wove (Print) A technical anomaly. It 
is really a blue wove pa^r of a cheap kind. 

Tenlte (Mm.) A synonym for Lxevbite (q.r.) 

Y«m. See WboDS. 

Yield Point (Eng.f etc.) When a specimen is 
tested in,J|]ie testing machine, a sudden increase of 
length usually (xx'urs when the stress reaches a 
certain value. The point at which this occurs is 
termed the Yield 1’oiht. 

Tlon^-ylang. Tins perfume, also known as 
Macassar .oil, is obtained from tlie flowers of a 
Matl|^yau tice, Cananga odoiafa (oidcr, Anoiutccce) 

Yoke (EUit. Enq) Tlie it on ^lortion connecting 
the limbs ot an electio magnet. 

Tolk ( Woolhn and Worefed Manofae ) The actual 
fat, or Snint (i/.r), ot tlie wool fibre. Tlie fine 
wools, sue h us nieiino, may contain 60 ngf to 60 per 
cent, of fatty matter; wools of the crossbred type 
contain a much sniallci percentage. 

Yopkahim Light (f>rp. and Join ) A solid frame 
with one sash sliding hoiizontally 

T«mg Fustic. See Dyes and Dyeixo. 

ytterbium (them) Yb, Atomic weight, 173. 
A very rare metal occurring in gadohuite ami eiixc- 
nite. It forms an oxide, Yb,0,, and a snlphatt', 
Yb/SO,),8HgO The metal has a characteristic spark 
spectrum. 

Tttvinra (them) Yt, Atomic weight, 8ft / 
rarcunetal occuiiing lu gadohuite, sam.arskite, and 
yttrotanfalite. its separation is a lung and ti'di'iiis 
process, it forms an oxi )e, Yt,0,, and a chloride, 
YtCl.. The oxide glows strongly whoa heated. The 
metal has a oharacteiistic spark spectrum. 

Tttvceerite (Mm.) A flacnide of oaioiuin with 
cerium and yttrium metals. Mamivc. It contains 
oeiium, yttrium, lanthanum, oidymiiim, hud erbium. 
From near Falnn in Bweden and in North America. 

TtieotantoUte A tantalate and niobate 

of iron, calcium, yttadhtn, erbium, and cerium; 
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EBTttttte (Min.) A Byuouyoi for EKaEAlD NnstCSL * 
(q.v.) 


Ecdoury (Botmif), A perfume and tonic ofa^filsed ^ 
from the tubers of Cnrenma tedoaria (ZmgiberaaimS)^ ' 
a naUve of India and China. « 


ZeenuB Effect (Phyt.) An alteration in speotxal 
linos produced by subjecting the sontce of light (whlQh 
may be a flame, vacunm tube, etc.) to tbe action of 
a powerful magnetic field. When the light is vjewed 
at rigtit angles to the lines of force, each line bemmev 
a triplet, the middle component having the same 
wave length as tbe original line. AU tbe lines are ’ 
plane polarised, but the plane of polarisation of the • 
central line is peipendienlar to that of the onter 
linos. When tbe light is viewed along the lines pf 
force, instead of a triplet, a donblet wrlth circularly 
and oppositely polarised components Is prodnoe^ 
These are the simplest forms deduced from tho 
thco^. and are often actually obtained, but other 
modifications occur, and all lines do not bchavealike, 
some being practically nnaffected. Often a further 
splitting up of the components takes place. For 
instance, one of the yellow D linos is lesolved tato 
font and tbe other into six qonstitnents, and iU Other 
cases t he effect is still more oimplicated. 

^isel’a Procen (them.) A method for deter¬ 
mining the presence and iinmber of the groups —OR 
111 an oigaaic compound where 11 is a hydrocarbon 
residue of the pamffln series. Such compounds are 
converted by tlie action of oonoentratod lijdrio^c 
acid into hydroxy compounds, while the alkyl group 
IS converted into iiKlide. A'g. (1) 

c.HsOCH, + III = (' u,OH + cn,i 

(Aniaoi) phenol. 


(2) Quinine contains a metboxy (OCBL) group. (3) 
Codeine contains a methoxy gioup sulistance 
to be examined is weighed and placed in a small 
flask provided with a doubly bored cork; throngh 
one opening passes a tube through which carbon 
dioxide is led thioiigh tlie apparatus, while the tuba 
of a reflux condenser worked with wanned water 
yiasses throngh tlie other ofiening of the cork. To 
the ujiptr end of the condenser is attaclietl a sot of 
potash bulbs cont.)ining water and a little red 
piiosphorus^ the bulbs aio immersed m water at 
608 to 60®. The potash bulbs communicate with a 
flask containing a solution of silver nitrate in 
aqueous alcohol, to which a drop or so of iiitiic acid 
has been udded—u'aially one flask is sufficient, hut a 
guani flask containing only aqueous silvei nitrate 
can be added if desired. Jlydnodic acid is added to 
tlie substance, and tho flask is brought slowly to 
boiling; ^ny hydiiodic acid or iorlina escaping is 
stopped in the potash bulbs. Methyl iodide is kept 
raseons by the suitably worraod water of the con¬ 
denser and potash bnlba till it reaches tbo alcoholio 
aquems silver nitrate, where it reacts to form a 
double oomiionnd of sllvei iodide and nitrate, which 
is decomposed bv warming on tbe water bath with 
mnoh watei and n little nitric aoUi. The silver 
iodide is'*wcigh«A The method is net apphuahle 
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withoQt modification to compounds containing 
sulphnr. Zeisers method can bo used to determine 
alcohol of crystallisation, methoxy and ethoxy 
groups in such componnds as acetals; and a simple 
modification of it serves to determine alkyl groups 
attached to nitrogen (methylimide groups). 

Zenith (Attron.') The direction of a point imme* 
diately over the head of the observer. The vertitml 
point of the heavens at any place, and consequently 
the opposite of Nadib (g.v.) 

Zenith Distance angular distance 

of a shir from the zenith (£.v.') It is the complement 
of the altitude. 

Zenith Sector (^Attroa.) An astronomical instrn- 
ment consisting essentially of a portion of a graduated 
circle, used for accurately measuriag the zenith dis* 
tances {q.v.) of stars which pass near the meridian; 
also in trigonometrical surveys for finding the^differ* 
ence in latitude of two stations by observing the 
diiference in the zenith distances of a particnlar star 
at the two places as it passes the meridian. 

Zenith Telescope (Asirm.) A telescope, having 
adjustments in altitude and azimuth, used for ob¬ 
serving the meridian passage or transit of two stars 
near the zenith, one north and the other south of 
the zenitji. 

Zeolite (Jifia.) Hydi-ons silicates of alumina and 
the alkalies ; they are commonly found in lavas, and 
occasionally in other eruptive rocks. 

Zephyr (Textilet). A light doth composed of fine 
coloured yarns, with fine sett. Woven in plain weave 
in either BtQpe or check patterns. 

Zero Method (Phyi., Ment. Eng., etc.) A metitod 
of testing in which two quantities are adjusted till 
they are equal; the attainment of such equality is 
known by the absence of any eifect in an indicating 
instrument, e,g. the absence of deflection in a gal¬ 
vanometer usra with the Wheatstone Bridge Cq.v.) 

Zenaa’s T^ye Dia^am (Eng.) A diagram used 
in the investigation of the action of a slide valve 
(q.v.) It consists of a circle whose diameter repre¬ 
sents the travel of the valve; two smaller circles are 
drawn with their centres on a diameter of the larger 
circle, so as to touch the latter and also each other. 
The displacement of the valve, the steam opening, 
exhaust opening, etc., can be obtained by drawing 
radii of the larger circle corresponding to any given 
position of the crank, t.e. at any point in the stroke 
of the piston. 

ZiwTogel Prooeu (£%sw.) A process for extract¬ 
ing silver from silver-containing copper ores or mattes. 
It consists of a very skilful process of roasting the 
matm'ial, so as to expel arsenic and antimony and 
a part of the sulphur. The sulphides of the charge 
are converted, at any ratd in part, into snlphates, 
which are again decomposed as the temperature of 
the furnace is raised, except the silver sulpjiiate. The 
charge is tvithd'rawn from the furnace when the tem¬ 
perature approaches that at whibb the sulphate is 
decomposed. 'Iho roasted product is extracted with 
hot water, and the silver is precipitated from the 
clear solution by copper. For some extremely in¬ 
teresting remarlm on the complexity of the process 
see An Introdufftitm to the Study of Metallurgy, by 
SiB W. C. Boberts-Austen, 3rd ed. pp. 8 et teq. 

Zigzag iArehUeet^ A form of ornament In 
Norman work, also termed Chkvbon (j.d.) 


Z^aga {TextOe Mamfaas) Designs in which the 
twill or diagonal runs alternatdy to the tight and 
left. 

Zlao(<?ftsm.) Za. Atomic we%ht, 66*4. A white 
metal with famt Iduiah tinge; at 416^; boils 
at about 920^. The vapour density shodh ginc to 
have a monatomic molecule. The spedfio gravity of 
the metal is 6*9, and is raised soiaewh^ by iblllng. 
-It is most ductile and malleable botwrcn 900^ and 
150°, while over 200° it becomes so brittle ifliat it can 
be itowdered. In the air the metal becomes super- 
flcially coated with carbonate, and then undergoes, 
no farther change. When strongly heated in an* it 
burns with a bluish white flame to the oxide. Zino 
decomposes water at a red heat, but if it is impure 
decomposition occurs even at 100’. Hot solutions of 
caustic soda or potash dissolve zinc slowly, forming 
zincates, Zn + 2KaOH = NojZnOj + H,. Dilute sul¬ 
phuric and hydrochloric acids attack zinc, but 
extremely slowly. If impurities are present, as in 
commercial zinc, wliich contains carbon and iron, 
they attack it very readily, yielding a salt and 
hjdrogen. Hot, strong sulphuric acid acts as 
an oxidising agent forming the sulphate, and' is 
reduced to sulphur dioxide and in part even to 
sulphuretted hydrogen. Nitric acid attacks zinc 
readily, forming the nitrate and various reduction 
products of nitric acid, such as nitrogen, ammonia, 
nitrons oxide, and nitric oxide. Zinc throws out 
many metals from solutions of their salts, e.g. copper, 
tin, lead, mercury, cadmium, silver, and gold. It is 
often used as a r(*duciug agent, alon4 in the form of 
zinc dust or with an acid or alkali; for example 
(1) many phenols are deprived of oxygen when 
heated with zinc dust, ordinary phenol giving ben¬ 
zene, alizarine giving antliracene; (2) succiuimide 
gives pyrrole {see p. 682); (3) zinc and dilute sul- 
phuric acid reduce ferric to ferrous salts, zino and 
ammonia reduce copper acetylide to ethylene; 
(4) coated with copper (by putting clean zino into 
3 per cent, copper sulpliale solution) it forins«tbe 
zinc copper couple which is often used in effeoting 
reductions, as for example the reduction of a nitrate 
to ammonia, or methyl iodide to methane. Zinc 
occurs naturally in the form of sulphide (zincblende, 
ZnS), carbonate (calamine, q.v.), silicate (siliceous 
calamine, Zn^SiO,. H,0). To obtain the metal the 
ore is roasted so as to form oxide, and the oxide, 
intimately mixed with powdered coal, is distilled in 
clay retorts—a part of the metal condenses os dust. 
Numerous electrolytic methods for obtaining zinc 
have been patented but none has yet entered into 
serious competition with the distillation method. 
Pure zino can bo prepared from ordinary oommett^ 
pure rinc by distilling it in hard glass tubes in a 
vacuum. Zinc is used in making galvanised iron 
iq.v,); in making many important alloys, snob as 
brass, bronze, and German silver ,* as the negative 
pole in a number of important cells (ece Cbllb) ; in 
the extraction of gold (q.v.) ^ 

Zinc Alkyli ( Chem.) See Zinc Compounds. 

Ziao Blende (Min.) See BtBNDB. 

Zino Compounds (Chem.) Zino Oxidb, ZnO, is a 
white powder; melting point unknown. Does not 
melt in the oxyhydrogen flame, and volatilises in the 
electric furnace. Can be obtained crystalline by 
strongly heating in oxygen. Occurs to some extei^ 
natumly in crystalline form. Very slightly solnUe 
in water (about 2x KH gram molecules per litre); 
readily soluble in acids forming dbrrespemding teits, 
and in caustic soda or potash forming zincates. 



When be&tod it ioms jrollow, but becomes white 
again on cooling. It is reduced to the metal by 
heating it with carbon, or in a current of hydrogen 
(at 45(r). It may be prepared by heating the metal 
in idr, or by boating the hydroxide, oarbonato, or 
nitrate. Dn the large scale it is made by the fir^t of 
. these methods. Zinc oxide is largely used as a 
paint (zinc white); it is also mnoh used in medicino 
as an oijj^tm^t or alone (astringent). The hydroxide 
Zn(OHX is a white solid nearly insoluble in water; 
aolnblo in acids forming zinc salts, in caustic soda 
,or potash 4>nning zincates, and in ammonia forming 
complex zinc ammonia compounds. When heated it 
loses water and forms the oxide. It is obtained by 
precipitating a solutira of a zinc salt with caustic 
soda or potash or ammonia solutions. Tho pre¬ 
cipitant must not be in excess; it can be obtained 
in crystals by ^dacing zinc iu contact witli copper 
or iron in ammonia. Tho zincates, for example, 
KjZnOj, are obtained iu the r^ays mentioned above 
and under Zinc; they are completely hydrolysed in 
dilute solution. ZiKO Chlobidb, ZnCl,. is a white 
Bolifl usnaliy met with in sticks which have been 
ca|i.; melts about 29(f; boils at 780°. It has a 
noimal vapour density. Zine chloriile is very de¬ 
liquescent, and is used as a dehydrating agent; thus 
it is nsnl in the preparation of alkjl chlorides 
Ethyl Chloiide). It is very soluble in water (1 gram 
inolfculo in 2 of water at 16°), in alefiliol, glyceiiuc, 
and many other organic solvents forming cocn[)ouuds 
with them. Fused zinc chloiide readily dissolves 
ziuc oxide, and%he solution sets to a hard mass. An 
aqueous solution of zinc chloride also di solves the 
oxide, and a strong solution of this kind is iistd in 
dissolving silk. Zinc chloride eoinhines with am 
munia to form several comimauds, eg. ZuCU.NH, 
and ZnCl,2X11,. JJoth these are very stable, and are 
obtaineel by ellreet union of tl eir comisment*-. Tlic 
ZnCl/lNIl, is found in l.eelancli6 cells. This power 
of zinc clilorido to unite with ammonia is made use 
of*^i chemistry. S'ce IIydrazones and SkvtolI! 
Allcalinc ehlondcs unite with zinc cMoride to form 
double salts, e.g. (Xll,)^nri,. A solution of tliis 
salt i.s used in soldeiing. Zinc chloiide luay le pre- 
jxirtd by dissolving the metal, oxide, or carbonate 
in lijdiochlonc acid arvl evajxinitiiig. During the 
cva]ioratiou basic chlorides of uncertain composition 
are fornied, and these must ho removed b}' addition 
of concentrated drocliloric acid, or, better, bj 
passing hydrochloric acid gas iuto the liquid during 
the process. Zinc chloride is used in medicine as a 
caustic, in solution as an antiseptic under the name 
Burnett’s Fluid ig.r.), and on a large scale in weight¬ 
ing or filling textile fabrics—4 to 6 per cent, of it 
has been found in snob fabrics. ZiNO SuLPhtATS', 
ZnSO^, is a white solid obtained by heating its hefita- 
^hydrate at 100° to iorm the monohydrate, which is 
then heated over 240°. It is only decomposed at a 
white heat; but it is cosily decomposed by heatiug 
with reducing agents, eg. with carbon it is reduced 
to fixide or to zinc according to the tempcratnic 
employed. Zinc sulphate is ordinarily met with as 
beptrfhydrate, Zn80,7H,0, commonly called white 
vitriol. This salt is formed by dissolving the metal, 
oxide, or carbonate in dilate sulphuric acid, and 
crystallising the solution. On the large scale the 
snlpbide is roasted in such a way as to form sulphate 
which is extracted with water. Wheil the solution 
Is crystallised over 60° a hexahvdrato is produc^; 
the monohydrate is obtained as above. Zinc snlpnltte 
is vAy soluble in Vater (61 grs. In 100 grs. water at 
15°). With the alkali sulphates it' forms double 


salts, snob as £(804 ZdS046 H,Q. It is used ia atedi* 
cine as an emrtic and as a lotion, in dyeing and 
oalioo printing, and in the preparation of other sine 
compounds. ZiNO Cabbomatb, ZnCO,: The natnral 
form is crystalline (eee Calamine). ArtificiaBy pro* 
pared, it is a white powder very slightly soluble in 
water, more soluble in water containing carbon 
dioxide; easily decomposed by heat, ZnCO, •> ZaO-4> 
CO,. It is obtained by precipitating a solution of a 
zinc salt with acid potassium carlmnate. When a 
normal carbonate is used, partial hydrolysis results, 
and basic carbonates of varying composition are 
obtained. It is used in medicine like the oxide. 
ZiKC StrLPRiDE, ZnS; The natural form (eee Blekdb) 
is crystalline. That form known as Sidot’s hexagonal 
blende (Wurtzite) is strongly phosphorescent in the 
et-rays of radioactive elements. It is the most im¬ 
portant ore of zinc. The artificial form is usually 
met with as a white powder ; but it can be obtained 
crystalline by heating it to bright redness in a 
CTirrent of hydrogen or by beating zinc oxide in a 
current of sulphuretted hydrogen. It is very slightly 
soluble in water and in acetic acid, but readily 
soluble in mineral aeiiLs even when very dilute. 
Heated in air it forms either the sulphate or oxide; 
when heated with an oxidising ogent, such as sodium 
peroxide, it forms tho sulphate. It is obtained by 
precipitating a zinc salt with Bul])liniettod hydrogen 
or with an alkaline sulphide. In the former case 
precipitation will be incomplete if the acid liberated 
isastiong acid, such as sulphuric or hydrochloiic; 
lint it will be complete if it is a weak acid, snob as 
acetic. Thus halt the ziuc is precipitated from a 
solution of 1 gram of zinc sulphate in 77 grams of 
water on saturating the solution with sulphuretted 
' hy||rogen. In the latter case precipitation is com¬ 
plete. To <i.ake the precipitation complete in the 
case of zinc sulphate it is only necessary to add 
excess of sodium acetate, so that the strongly ionised 
siilpharic acid is replaced by the slightly ionised 
acetic acid ; 


ZnSO, -I- 2NRt\H,0, + n,R - Na.SO, + 20,H ,0, + ZnR. 
Zinc combines with alkyl groups to form the ZlNO 
Alkyls, -k typical example of these compounds i.s 
ZIUC metiijl, Zu^CII,),, a colourless liquid which 
hoils at 1(>°; li.as an unpleasant and dangerous smell; 
takes file, burning with the zinc ihiuie, instantly in 
air, but if dry air is allowed slow ai'cess to it, it 


forms a kind of peroxide, probaiily ® 

which is explosive and liberates iodine from potas¬ 
sium iodide. It is decomposed by water and methyl 
alcohol as follows: 




non 

HOH 

Hocn, 

IlOCII, 




+ 2t?H. 

+ 2CH, 


With alkyl iodides it yields, on heating, paraffins, 
Zn(rH,), + 21CH, = Ziil, + 2C,Hg. For its reactions 
with acid chlorides, aldehydes, and ethyl formate, 
eee KetoBeb, SecondAKY ALCOHOta, and Tebtiaby 
Alcohols. For another kind of reaction, tee Tlit 
Compounds. Zinc methyl combines with ether 
forming 2Zii(CH,),(r,H5),0. , It is prepared by gently 
warming a dry zinc copper couple (washed with 
alcohol, then ether, and the latter removed by a 
current of dry hydrogen) with methyl iodide. Zinc 

methyl iodide, Zn^j^, is first formed, and yields 


the zinc methyl on distillation. The apparatus must 
be perfectly dry, and the whole operation carried 



znr 


888 


ZYM 


out in an atmosphere of carbon dioaide. Zinc ethyl 
and other zinc alkyls are prepared, and behave In a 
similar way to zinc methyl. 

Zine Copper Gonple iChem.) See Zinc. 

Zlnolte CMin.'i Eed oxide of zinc, ZnO. Hexa* 
gonal, very perfect cleavage, nsnally found massive; 
deep red colour. Foimd in New Jersey, where it is 
an important ore of zinc. 

Zino Methyl (C/tem.) See ZiNC Comfodnss. 

Ziaoography. The process of producing a design 
in relief on a zino plate, for the purposes of printing. 
See Photo Engbaviho, p. 624. 

2Uiio White iCheni:} ZiKC CouFOCNUS. 

- (ZJec.) A valuable white pigment consisting 

wholly of oxide of zino (y.r.) The term zino white 
is sometimes applied to the group of white pigments 
which -consist of zinc snlphitle and zinc oxide, com¬ 
bined with a large proportion, say 69 per cent., of 
barium sulphate, of which Orr’s Zinc White (y.r.) is 
an example. 

ZingiberaeesB {Botany'). A Dicotyledon order of 
economic importance. Well known plants of the 
order are Gingxu {Zingilter), Cauoamoh {Ehttaria 
and Amomum), anrl TORMEIUC (f 

. Zircon (A/in.) An oxide of zirconium, Zr0.jBiO,; 
tetragonal. Colourless, grey, green, or brownish, i 
Found in certain metamorptiic and eruptive rocks, and j 
also in alluvial deposits. The varieties Jargoon and i 
ilyacintU (y.v.) are used as gems. 

Ziroonite (Min.) A grey or brown variety of 
ZlBCON (r/.c.) 

Zirconium (Chew.) Zr, Atomic weight, lO'G. 

A rare metal occurring in ISeries 6, Group IV. of the 
Periodic Sjstcra (q.v.) It forms bright grey plates ; 
melts about 1300®, only oxidised at a very high 
temperature. It is obtained from the dioxide by 
heating with carbon in the electric furnace, when a 
product containing carbon i.s obtained, which must 
be again heated witli more oxide to free it from 
carbon. The metal forms a dioxide, ZrO„, a tetra¬ 
chloride, ZrCl,, a silicate, ZrbiO,. I’be silicate is the 
form in wiiicu ziraoniiim is found naturally; it is 
called Zircon (q.v.) See Jabgoon, Uyacixth, 
PaisciouB Stones. 

Zither (Mntie). See Musical Instbumgnts, 
p. 429. 

Zizania (Butauy). A genus of grasse.s. Canada 
Bice (Z, aquatica) is used as a cereal in North 
Am.;rica. 

Zizyphnz (Botany). A genus of shrubs or trees 
of the order Rluiniuaeew, mostly native to tropical 
Asia and America. Z. ehloroxylon yields cogwood, 
Z, Leffte an edible fruit, Z. vnlgarie the fruit known 
as Ft^ch jujubes, and Z. Jaazeire a Brazilian fodder 
plant. 

Zn (Ckem.) The symbol for Zinc (g v.) 


Zoelo (Arekiteet.) See SoCLB. 

Zodiae (Aetron.) A imaginary belt ox zpne in the 
heavens, within which the motionz of the eon, moost, 
and planets are confined. It extends about 8 dei^ees 
on each side of the Ecliptic (q.f>.% arid was divide by 
the ancients into twelve parts, each did^ingnished 
by a constellation, termed the Signs of the Zraiao. 

Zodiaeal (Aetron.) A fainllf pyp^d of 

light extending from the sun both mst and west 
along the ecliptic. Best seen in northem latitudes 
in the evening in February and March, and in the 
morning in October and November. - * 

Zoisite (Min.) A silicate ^f iron aluminium and 
calcium; orthorhombic, usually in radiating groups or 
crystalline nuasses; pink to brown or grey. Found 
in metamorphic rucks. 

Zondas (Meteorol.) Northerly hot winds of the 
South American pampas. 

Zone Jbeis (Min.) An axis in a crystal which is 
parallel to a set of crystal jilanes. 

Zone Plane (Min.) A plane normal to the Zono 
Axis (q.v.) 

ZoophoFUB (Architect.) The frieze of an entabla¬ 
ture, particularly when carved with representations 
of animals. See Fbieze. 

Zostera (Botany). A genus of Potamoyetonaee/e 
kiiowu in Britain as “grass wrack.” Tno plants 
grow in salt water on sandy shores. When dried 
Zostera is much usi-d as a packing material. 

Zr (Chem.) Tae symbol for ZiBCONiUM (q.v.) 

Zirniase (Ckem.) An enzyme extracted from 
yeast. Nothing is known with certainty as to its 
chemical composition, much less as to its constitu¬ 
tion ; pcrliaps it is a proteid. It is obtained from 
yea.st by e.\|K‘lling water by pressing it at a pressure 
of 50 atnio.Npheres, rubbing the pressed mass with 
tiie finest quartz sand and kieselgiibr in ordem-to 
<lostroy the cell walls, then again pressing, first by 
itself, then with a little water at 600 atmospheres. 
The expressed juice is filtered, and ooutains the 
enzyme, along with other enzymes of a different 
kind, such a.s proteolytic and peptic. The enzyme 
can bo precipitated from tlie solution by alcohol 
ether (2:1); when washed with alcohol and ether 
and dried iu a vacuum over sulphuric acid, it consists 
of a white mass which contains the enzyme, but is 
far from being pure. The importance of zymase 
lies in its property of fermenting glucose to alcohol 
and carbon dioxide; it also ferments laevulose, 
rafiinose is more slowly fermented, galactose and 
glycogen still more slowly, lactose and arabinose not 
at all. See aUo'Knzxixrs&. Its optimum conditions 
for glucose are temperature 22°, concentration about 
IG per cent, glucose. Acids affect its action preju¬ 
dicially ; alkalis in small amount promote its action. 
Hydrocyanic acid stops its action altogether, but the 
activity is recovered by passing air through' the 
liquid for a long time. 
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IbsMptlon Buda {Phifi.) See Bpeotbcm 
Analysis, p. 698. 

Aerate A salt of Acetic Acid 

Acid Drip (Chem. A%.) See Deip,^. 173. 

Add Egg (Chem. JSng.^ See MONTEJCS. 

Acid Pomp (^Chem.) Add to definition on ]>. 6 ; 
Tt is somotitnes o];)eratcd by compressed air instead 
of by a piston. 

Actinism {Phy*.') The special property of radiant 
energy, whether Iniuinous or not, wliereby chcuiioal 
change.s are produced. The production of such 
chdbges. 

Actiaometer (PAyt.) An instrumeut (1) for 
ntoasuriug the iieat intensity of the sun’s niys; (2) 
for ascertaining the actinic effect of light rays. 

Adlpooere. A light-coloured fatty substance 
formed by tiie decomposition df animal tissues under 
moist condition|, but removed from atmospheric air. 

Aldiae Edition. The term signifies a book printed 
at the Aldine Tress in Venice by Alilus Manutius or 
one of his family (1494—1597). Aldine editions are 
celebrated for their fine typography. The teruk 
Aldine is applied, in a modern sense, to a series of 
books in tlie same style ; aho to a display type. 
C/. Elzevieb a/nd Black Letteb. 

Al^aphy. See Lithoobapuy, p. 362. 

Jillidnment (Pypoy.) Uniformity in the base line 
of ininting types. 

Angle of ZiOg {PAye.) See Lac and Lead. 

Anode {Elect). Tike conductor by which an electric 
CTurent entei's. C/. Cathode, jik. 92. 

ApheUon {AetroH.) iiiat point, in the orbit of a 
planet or a comet, which is must distant from the 
sun. £To precede wording of definition on p. 22.] 

Aplanatio {Optiee). The term is applied to an 
object-glass, or a combination of lenses, wiiich bring 
patallelraystoafoous without sp|kerical or chromatic 
aberration. 

Apochromatie {Optia'). Tho term applied to a 
lens constructed so as to correct spherical and 
chromatic aberration to a greater extent than in an 
ordinary object-glass. See Achbouatio Lens and 
ACHBOUATISM, p. 4. 

Apogee {AMlron.) liie point, in the orbit of a 
planet or other heavenly body, which is farthest from 
the earth ; the term relates especially to that jmint 
in the moon’s orbit, [To precede wording of definition 
on p. 22.] 

ArtUdai See Wood Tulp. 

QalTanometer. See Galyanometebs, 

p. 246. 

B^dl {Leatherjy Bark-tanned sheep skin, used 
for binding, etc. Cf. Boan. 


Batter {Eng.) The backward slope or inclination, 
from the base, of a wall, embankment, or the sides 
of a railway cutting. This gives resistaimo to the 
“ thrust,” and ensures grater stability. 

Baame Beale. See Htdeousteb Scales. 

Beck {Tesetihe). A vessel for holding dye liquor, 
etc.; also termed a Back. 

Beck’s Beale. See Hyoboubteb Scales, p , 298. 

Beer. To the list of adulterants, add Cocculns 
Indicus {q.v.) 

Bench ( Oa» Manvfae.) The term applied to a set 
of reiorts^used for the dry distillation of coal. 

Benzine {Chem. Tech.) A popular term, not used 
in exact clienjical nomenclature. Sometimes applied 
to a mixture of commercial benzenes ; also to a light 
petroleum distillate better known as Benzoline, which' 
is quite a different substance chemically. See BEN¬ 
ZENE, p. 49. 

Billets (Met.) Short lengths of square bars 
(blooms) of iron or steel fed to the rongliing rolls of 
a mill for conversion into light sections of merchant 
irogj,or rails, (y. I'lLBS. 

Black Plates (Met.) The nnnre given it, sheet iron 
intended ff»r tinplates, before it is tinned. 

Black Tin (Met.) Tho term applied to com- 
paraiively pure tin ore, »>, ore which has boon 
subjecterl to various dressings. 

Block Tin (Met.) Add to definition on p. 55: 
The term is also applied to articles (1) made entirely 
of tin, (2) made of tinplate {q.v.) of superior quality. 

Bog Iron Ore (Min.) This is sometimes used for 
purifying coal gas. See also p. 67. 

Bottom (Mining). The fliwr or bed rock on which 
a coal scam lies. 

Bottoms (Chem. Teeh.) (1) A general term for 
impure residues, e.g. Ciiustio soda bottoms. (2) The 
term applied to colours which ser\ e as a foundation 
for other colours in dyeing fabrics. 

Bow (Mime). See Musical Instbdments, ^.427. 

Broach (Tapestry Mann/ae.) The needle or small 
spindle us«i for inserting the weft. 

- (Tools). (1) A stonemason’s chisel, with 

narrow point. (2) A kind of gimlet or bit used for 
boring a cask. 

Biudting Kier (Linen Mannfae,) A vCss^d in wl dch 
linen oloib is boiled with lime water in the first 
process of bleaching. 

Burr. This term is applied to various tools used 
for abrading or drilling purposes, e.g. a fiuted reamer; 
to a mortising chisel of rectangular aectlou; to a 
blank punched from a sheet of metaL 
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Bnmtooa A si^tdoas^ook whi(^' 

is dreeasdiud at^d for nall8t<»i«s, ' • !r , 

Ct4wf^ (S^Dr.y 3S4^ 

Ca^ Ml. 'Aa abbreviatioi^ «( CAJxjwfe! p. 

81).'’<Si?f«Z*oCsiT8. 

Oanp ttuiMUaff Can^ jUteet, Caasp Sited (Civil 
Mig.') A p&nk straic^tite placed at wo foot of a 
slopii^ embankment or soft catting to Teswt- the 
thitwi or pyevent'the soil from washii^ away. 

Caii^ie Titiie K^AnliaioL') A rase of pecaliar 
sbaj^i Qsed by the Egyptiana as a receptacle for a 
portion of tbe entrails of embalmed bodies, and by 
the Etrnsoaas for holding the ashes of the dead. 
The lid retn'csenteil a hiimau head, the arms being 
sometimes added in the case of Etruscan vases, which 
were also provided with bandies. 

Oajnriage Gain (.Cotton Sjtinninff). See Batohing. 

Cattier’s Scale. See llypBoitBTES Scales, p. 298. 

Carton. A thin pasteboard used for making boxes. 
A box of this materiah 

Cementite (Cltem., Met.) See Ibon, p. 319. 

Centroclinal Dip (Gent.) See Qvaquavebsal, 
p. 584. 

Chemical Palp. See Wood Pitlp, p. 851. 

Cireantferentor. A small graduated wheel which 
revolves on a liandle. Used for measuring the length 
of a wheel tyre. 

Climate. See METBOitotooY, p, 39G. 

Clamp or Clonch (Minine/, etc.) A coarse kind 
of clay. Specifically the compressed clay that occurs 
in coal strata. 

Clamps (Typog.) Pieces of metal of same height 
as lca<ls (q.v.) and cast to thickness of the bodies 
of typo, usually nonpareil, brevier, long primer, and 
pica. 

Cllpeoe (Archeeol.) (1) A large circular shiold, 
convex on the outer and concave on the inner side. 
Cf. Scutum and Tabge. (2) A sculptured repre¬ 
sentation of a shield hung in the intercolumniatiou 
of the atria in Roman buildings. 

ColUmation. (1) The accurate adjustment of the 
line of sight of a telescope, transit instrument, etc. 

(2) Bringing into line the axes of two lenses, or 
telescopes, which are then said to Iks “ in collimation.” 

(3) Determining or correcting the deviation of the 
line of sight of a telescope by means of a collimator. 
Error of CoUimation: The deviation of the line of 
sight of a telescope from a plane at right angles to 
the axis on which it turns. This must be allowed 
for or corrected in observations. Line of Collimatiim. : 
The correct line of sight or optical axis. 

OolUmator. (1) A subsidiary fixed telescope with 
fine wires or spider lines in its foens, used to determine 
or correct errma in collimation. (2) The tube of a 
spectroscope (q.v.) that carries the slit and contains 
lenses for rendering parallel the rays intended to fall 
on the grating or prism. 

Collotype, CoUodiotype (Photo.) A photograph 
made by a process (generally the wet process) in 
which the plate is coated with sensitised collodion. 
See Wet T’bocbsb ttnder Photo Eegbatin'O, » 623, 
and Photooraphy,^. 526. 


OommenMl (Biol.) An animal or plant that lives 
with another, as a tenant, but not at the expense of 
the host, t.e. it is not a true parasite (q.v.) 

Goatlnental Cmtdltlemi (<6ebl.) The geological- 
conditions prevailing in large land areas, remote 
from the sea; characterised by low rainf^l, scarcity 
of rivers,, presence of salt lakes, 

ConTeyop (Chem. Eng.) An endltes traveling 
belt; a chain carrying plates, or trays; or a spina 
worm in a trough; used for transporting solida 
Certain types are called Cbebpsbs. KockebB take 
the form of a long trough Cwith cross ridges) t<i whicA 
a reciprocating motion is given. The aerial ropeway 
is a type of bucket conveyor, <>ut of a different order 
to the usual form of conveyor. Cf, EliSVATOB. 

Copy' Holder (Typog.) A boy or girl who reads 
the “ coj:^ ” ot manuscript aloud while the Reader 
(Sf.r.) verifies the proof. 

Cords (Bind.) See Baeds, p . 39. 

Coumalio Acid (Chem.) See I’TBONES.yi. 678. 

Coumalin (C/i«w.) iSr/e 1 *vkoi{es, 678. o 

Cyanides. See Gas Manupactuhb (C), 260. 

Desmotrophy {Chem.) &‘e Tautomebism, p. 748. 

DieAtock (Eng.) See Stocks aku Dies,^!. 723. 

Downtonian Rooks (Gcol.) Sec Ludlow Bocks, 
J». IJl’iX. • 

Drosser (Glaoe Manvfae.) An iron frame used 
for separating the “ tables ” in glass making. See 
Glass Manupactubb, 258. 

Dust Destructor. A form of furnace in which 
hou.se refuse, cinders, etc., are burnt, Tlie ntaterial 
is first dried by exposure to the heal of the furnace, 
and then consumed under forced draught. See algo 
Waste Peoducts, jk 834. , 

Earth Colours (J>eo.) A term sometimes applied 
to those colours or pigments which are found in 
nature, such as ochre, sienna, umber, etc. 

Eutectic (il/cf., etc.) Fusing easily, i.e. at a low 
temperature. The term is applied to compound sub¬ 
stances, e.g. alloys, the losing point of which is lower 
than that of the constituents thcnwiclves. “Ti.e 
ratios in which metals unite to form the alloy X’os- 
sessing the lowest melting i>oint are never atomic 
ratio.s, and when metals do unite in atomic ratios 
the alloy prodace4 is never Eutectic. Metallic 
alloys arc true homologues of the crvohvdratea"— 
F. Guthbie in Nature. 

Feeder (Print.) The person who feeds the sheets 
of paper into a printing machine—the “layer-on.” 
The word also describes a mechanical contrivance for 
superseding hand lalxmr in this operation. 

Ferrite (Chem., Met.) See Ibon, p . 319. ® 

Figarine (Art). A small figure or a group of 
small figures made of various materials, eg. metal, 
pottery; used for decorative purposes, Cf. Tasagba 
Figurines, p. 743. 

Fishing (Eng., etc.) (1) The operation of joining 
rails, etc., by means of fish plates. See Fibbed 
Joint end Fish Plates, p . 223. (2) The removal 
of sulphate of ammonia crystals sQrom the sattvator. 
Gas Makupactube (C),p. 260. 
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Fl 0 t.(^WiZ.) A:jurrtb^ lead miners' nam^ 

tor certain werat extensious of ore proceeding fxom 
•a metalliferous vein into the country rook. Fiots 
occur only in connection with thoi« parts of the v^n 
wbi(^ oondst of limestone. 

• Fob (^Soe$ See FiTTlKO, p. 223. 

ete.) Generally a widemouthed 
conical ai^aratus, having a tube at the apex. Used 
for filling vessels with narrow openings, filtering, etc. 

• Fnse Elect. Eng.) See SArsTY FuSK, p. 630. 

Oai, Coal. See Gas iy:AKUFAOTVBB, p. 248. 

Geographical Mile. Wbiobtsand Mbasvbss, 
p. 843. 

Glazed Pig See Blazbd Pia, p. S4. 

Gramaphone. See Phokogbafh, p. 520. ' 

Gums. See alto Eesixs, p. 610. 

Gyrostat (Phyt.") An instrument used in ex* 
perimeuts ou tLe properties of rotating bodies, 
e.g. to show that the axis of a rotating body tends 
to retain its position in space, independent of any 
motion which may he given to its 6up)x>rts. It 
consists essentially of a heavy fly wheel whose axle 
is supported so that it can set itself in any direetion. 

Half'Space Landing (JHuUd.Y See Staibcabb, 
2 ^ 707. • 

Hsdvans, Halvings, Hanaways (JUining). A 
Cornish term for ore refuse or inferior ore. 

Hand Loom ( Weaving). See nnder Silk, p. 673. 

Hand Whip (^Mining). A primitive contrivance 
consisting of a long pole, pivoted on a suitable 
supj^it. A bucket for raising water, etc., is sus- 
pon«d from one end, and a counterbalance weight 
is attached to the other. 

Hanging Wall {Mining). The upper “wall" or 
overhanging side of an inclined lode. 

Hartshorn, Spirit of. See Spibit of IIabts- 
IIOBN, 2K 703. 

Heading Jointa {Carp.) The joints between the 
ends of floor boards, i.c. at right angles to the edges. 

Heading Side {Mining). The lower side of a lode. 

Head Race {Eng., Mining, etc.) The race or 
channel which conveys water to a water-wheel. Cf. 
Tail IIaoe, p. 742. 

Heave {Mining). A fault {g.v.) which raises a 
lode. 

Hiftih {Mining). A slight fault whose throw is less 
than the thickness of the seam or vein. 

Hole {Mining). The expression “ to hole " is used 
in various senses— e.g. (1) the making of an opening 
from one working, etc., to another; (2) undermining 
or undercutting so that the mineral may fall by 
pressure. 

Horee (^Mining). A mass of unprofitable material 
(country rook, etc, separating two parts of a lode 
or seam. 


Bonn F§t. At one .tiina>|k^ dat was obtahtied, 
from the neck only of the hon^ and that fat. is s^ ' 
more valued than fat other parts of the l^y, as 

it is whiter and more solid; Neck fat tl^ oon> 
sistency of lard, except in viny^ warm weather'; while 
oti'ier'horse fat is practically tiqnid, except'in the 
wintml .The two kinds of fat alsO'differ In^Bm^i; 
and. while the neck fat is a pure white, the other l^aa 
a yellow c<|Jour, with a etr<mg dirty brown tinge. 
The very best s^imens of neok have no smell 
at all. Hoiwe fat Is nsually mixed with bone grease, 
and it is difllonlt'to get it pure. The average speadfio 
gravity of the neck fut is about 0*92. Ifae fat of tlm 
Kidneys, however, is nearly as hhavy os the neck Git. 
In veterinary practice horse fat is employed as lm 
ointment; but its main use is in spap manufacture, 
,more particularly for soft soaps. Horse fat also 
finds a limited nee for lubiicatiob, ae some practical 
men consider it best for certain classes of mach^ery. 
Harness makers use it for greasing leather, and' wool 
combefs use it locally where is readjply obtainable. 
The marrow of the horse is ayell<JW fat, solid at any 
ordinary temperature. It yields a* very hard soap 
with caustic soda, but is vary rarely used alone. 
Mixed with other fats, especially bone grease and 
cotton seed-oil, it is used in soft softp manufar;ture. 
It presents ho dithculties in working, and the amount 
of alkali required for saponification is about one-fifth 
of its own weight, which is about the average of fats 
generally, if we exclude cocoanut and pa|m Aemel 
oil. These fats are used for the better classes Of 
soap, and are never used with horse f&t.- Adulteiu- 
tion of horse fat with hope oil is beft detected by 
determining the iodine number. This is 84,for horse 
fiit, and never exceeds 70 fur bone oil, being nsually 
aboig; 67, Hence ady iodine value distinctly b^ow 
84 probably denotes adulteration with 49006 fat." 

Hurdling (Mining). Passing ore through a coarse 
screen or sieve. 

Huahiug er Hush {Mining).' Washing away the 
louse groimd covering a vein lying near the surface 
by a sadden rush of water. 

Hydraulic Mining, Hydraulicklng. Working loose 
ore-bearing rocks {e.g. gravel containing gold) by a 
powerful jet of water. 

Hygiene. The branch of medical science that 
deals with the preservation of health in regard -to in¬ 
dividuals and communities. See bANITATIOX,ii. 635. 

Inoenae. See Thus, p. 708. 

laerlne (ilfin.) See Ilmen'itb, p. 302. 

Kalpla {Pot.) See CALpisi,ii. 82. 

Kier {Temtileg). A vat in whioh textiles are 
bleached, (y. Beck and Bucking Kieib. 

Kilo. See Wbiguts amp Mhasubbs, p. 843. 

Knot. Literally one of a series of knots placed 
at regular intervals in a log-line, the distance between 
tWo knots bearing the same relation to a mile as 
half a minute does to an honr, i.e. In common 
use, however, the term knot is employed as an 
equivalent for Nautical Mile (q.v.) or for a speed 
of one nautical mile per hour. See alto vnder 
Weights amp Measubbs, 843. 
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IiUBella,/>7. Lamella. The dimlnntive of Laiaitm. 
A thin plate or scale. Sa/jt. S40. 

Lava (ffeol.) A rock ot volcanic origin which 
has BolidiSed from a flaid mass at or near the surface. 
See AsvmiTE, Tbaohtte, Basalt, Bhyoutb, etc. 

LiQoatioa, EUqnatioa (Met.) Tlie process of 
heating ores or alloys in order to separate the metals, 
the one that has the lowest melting point being first 
obtained. The process is employed in refining tin. 

Literals (Typog.) The mistakes of the com¬ 
positors in single letters only, H%. the taking np 
a wrong letter or inverting a right letter. 

Locking Stone or Lotfiting Pallet (Watehee and 
Marine Chrmometert). The jewel fixed in the detent 
of a chronometer escapement for the purpose of 
arresting the advance of the escape wheel at the 
oonolusion of every impnlse. DsTEKT.y;. 166. 

Losiapa Genolose (Artifieud Silk), See Cellulose, 
■jp. 94, and WOOD I'DLP,^?. 862. 

Machining (Print.) The term used to express the 
operation of printing by machine. Cf. Pbesswork. 

Majosoule (PaUeograpiky). A capital or uncial 
letter; originally written separately, bat later 
cnisively—snbseqnently replaced by the new cursive, 
developed from the Minnscnle (q .v.) See alto Uncial, 
p. 809, 

Marqactrjy (Furniture). Veneer of different 
woods forming a mosaic design. 

Hechaniosd Pulp. See Wood Pulp, p. 851. ^ 

Mill (Met.) That department of ah ironworks in 
which the blooms and rough bars from the “forge” 
(which has also shingling and rolling machinery) 
are piled, reheated, and rolled into merchantable* 
iron. 

Milling (Chem. Eng.) The process by which toilet 
soap is perfumed and prepared for the tablet dies. 
Thin chips of dried “ stock ” soaps are passed between 
granite rollers, travelling at different speeds, so that 
the soap is rubbed and squeezed together as well as 
crashed. Perfumes, etc., are generally incorporated 
during the milling. 

Minatenle. (1) The cursive script hand developed 
from the semi-unoial between the 7th and the 9th 
centuries. It formed the basis of the small Greek 
and Roman letters of modem times. (2) A lower-case 
letter as opposed to an upper-ease letter. Qf, 
Majuscule (ffljwf Uncial, 801»). 

Modulator (Mude). See Tonic SoIi^a,^. 777. 

Mtfellon (Chem, Eng.) See Sod OiLS,'p. 689. ^ 

Moloxide (Chem.) See OzYOEN,y>. 488. 

MonteiJaB (Chem. Eng.) The equivalent of an* 
acid egg. A pistonless pump for raising acids, etc., 
by compressed air. 

Morocco {Leather Man-ufac.) See alto PSBSSAN, 
p. 611, and liOAN, p. 618. 

Mud Drum (Eng.) A pyUnder attached by pipes 
to the lowest part of the boiler. It receives the feed 
water, and is supposed to allow the mud and sediment 


to settle oat before the water riBes ititu the boiler shell. 
Not in universal use, filtratioa ol the feed watmr 
being much more effectual and safer, as mitess 
protected from direct beat they are liable to bum 
and become dangerous. In tabular boilers they are 
sometimes provided as part of the d^gn. The 
growing belief that a boiler is nyt. a tank but 

an evaporator is disposing of their us^ 

Kogg^g Pieoea (Carp). The horizontal pieces of 
quartering fixed between the studs of a partition to 
stiffen it. 

Oils. See alto Lubbicants, o. 367. 

Optics. The study of phenomena of light and 
vision, and of the various Instruments employed in 
connection therewith. 

Orerblow (Met.) In the Basic stee’ process, 
after tho carbon has been removed in tlio Bessemer 
converter, the “ blow ” is continued for another two 
or three minutes, during which the phosphoms in 
the charge is eliminated. Also called the Afteb- 
BLOW. 

Peristaltic (Eteet.) The term used by Lord Kelvin 
to describe the kind of electrostatic induction that 
occurs between conductors enclosed in the same 
insulator, e.g, in an ocean cable. 

- (Phytiol.) The term applied to the wave¬ 
like and involuntary contractile muscular movements 
(peristalsis) of any hollow organ of the body, 
especially the alimentary canal, whereby the contents 
are propelled onwards. 

Pole (AW Manvfeus.) A term synonymous with 
pile, e.g. pole warp = pile warp. See Pile (Textiles), 
p. 532. 

Pseudomerism ( Chem.) See Tautohebism, p. 748. 

Raising Gig ( Woollen Man u/ac.) A machine' that 
raises a nap on cloth. 

Red PruBsiate. Another name for Potassium 
Febbicyanide (yn.), p. 562. 

SeleetiYe Absorption. See Spbctbuh Analysis, 
p. 698. 

» Sienna (Paint.) See Burnt Sienna, p. 77, and 
Tebba di Sienna, p. 769. 

Soffit (Build.) The head-lining of a door or 
window openiiiil, The underside of a flight of stairs 
or balcony, liking upwards. 

Sparking Plug (Motors, etc.) A miniature arc 
lamp, between the terminals of which a low or high 
tension spark is passed by means of a current 
obtained.from a storage battery or'magneto machine. 
It is 'placed in the combustion chamber gf an 
' internal explosion motor to fire the gascons fuel. 
'tThe ma4B conductor is insulated by embedding it in 
’ a plu^ of glass, porcelain, mica, or other fireproof 
insulating material, Ilie plug and conductor are 
mounted in a brass or other metal screw collar or 
union which caries a wire terminal, bent to face the 
main conductor at the base of the plug. The points 
of the terminals can then be adjust^ to leave a 
sparking " gap ” of about ^ inch. 

Stall Board (Carp.) The boafding inside a shop 
window on which the goods are displayed. 
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BlAJidard Cell (Elect.) A form of primary cell further classified according to the natural division 
whose B.M.F. is accurately known and not liable to, into separate beds, which may vary in different 
much variation. It is not used to produce a current, places. The various Systems are further grouped 

but as a standard of electromotive force for com* together into Pbimaby, SBCONnABY, TKBTiAStY w^d 

fiarison with other electromotive forces, calibration rosT-TBBTiAET, or Qctatbbnaby Bocks ; another 
of instruments, and similar processes requiring a set of rooks, older than any of the foregoing, 
.staudiixd. # are termed ABCH.aiAN or rBB>CAsiBBiAil (teo 

■* p. 657). 

Stratiu TAle of ( 6eol.) Stratified rocks are Witli the advance of geological knowledge, modifi- 
tabulatea by the geologist according to age, which cations of the recognised classification coutlnnally 
is determined by consideration oE the fossils con- occur. Thus there are reasons why the Dyas should 

tained in the rocks, and by the physical relations of be treated as Secondaries rather than as IMmaries, 

fliie different be<ls one to another. A number of beds and the method of division of the Cambrian, 

are grouped together into Systems, e.g. the Cab- Ordovician, and Silurian Bocks is still the subject of 

BOKIEBBOUS SYSTEM,* %hich includes the various much discus.sion. The classification most generally 

Sekies known as the Coal Measures, Millstone Giit, adopted is sliown in the following table, which 

and Carboniferous Limestone Series. Bach series is follows the method of Lapworth: 
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J)YA8 

(Permian) 


f Magnesian Limestone, etc. 
( Permian Sandstone 


Corals, Bivalve!^ Fislioi, Ampbibians, and 
tbe first Boptlles {Proteretaurug'). 


Gabbokifbbous 



’ Coal Measures 


Millstone Grit 

Carboniferous 

Limestone 

Series 


Upper Coal 
Measures 
Main Coal 

Measures 

Gannister 

Yoredale Bocks 
Mountain 

Limestone 
Lower Lime* 
stone Kbales 


Extensive plant remains,^ e.A 
Equisetum, and Ljrcopous 
Mosses). Marine fossils, t.a. 
Ecbinoderms, Mollnsca, B'isuc 
pbibia (Lahyrinthodonta), 


I Fbms, 
a (Club 
. Corals, 
es, Am- 


DBVOKiAN . f Upper Pickw ell and Petberwiu Beds. 
(Old Red -j Middle llfrjicombe Bods 

Sandstone) [ Lower I^ynton Beds 


Numerous characteristic Fishes: a certain 
amount of plant life (8ca-weeds and 
plants allied to the Equisetum and to 
tho Tree Ferns), Brachiopods, and some 
Trilobitcs, 



Upper or Lowntouian Bucks 
Middle or Salopian (Ludlow, Wetilock) 
Lower or Valentian (Tarannon, etc.) 


Numerous Trilobites, MoUusca, Grapto- 
lites, CoraLs; the earliest remains of 
land iilanLs, and of Fishes. 


Ohdovician 


f Ui)per or C%radoc Rocks 
-j Middle or J.landeilo 
( Lower or Arenig 


Uraptolites are here tho^ most important 
fossils. Trilobites arc also common, as 
well a.s Brachiopods, and Cephaiopods, 
liamellibrancbs, and Ecbinoderms 
occur. 


Cambkian 


I f Tremadoc Slaie.s 

I ^PPer j Fjags 

i , f Mene\ian Group 

I Lower | 


Trilobites arc the most characteristic 
fossils. A number of Molluscs and 
Mollnscoida (Brachiopods) arc fouqd ; 
no Vertebrates or land animals. • 


rBE-CAMJJBIAN RocKS (<ce p. 537) 


Terne Plate (Jl/c/.) A kind of tinplate (j.c.), the i Wale, Wale Piece (C’ivtl A piece of timber 

coating of which consists of an allo.v of lead and tin. j £a.stened horizontally to a I'ow of pile.s, etc., to receive 
Tumlng Piece A piece of timber cut to ' ibe impact of vessels. The horizontal part of a Camp 

shape, to form a half-brick arch on. j Kheathikg (<f.v.) 
















CORRI 

Ag&p-XfalL Fof lied Sea weeda read red eea- 
weeds. • \ 

Alcoholimetry iChem..') Bead AJeoholometry. 

Allen’s HovemoF. JFhr value (last line) read 
falve. 

Amorino. Bead in^xshitecturo after often used. 

Angle of Flexttwe iBng.') Bead Angle of 
nexore. 

ApertoFO {Photo.) The rtefluition should read : 
T\\& diameter of the “stop” or opening; throng'h 
whiub the beau of light transmitted by a lens must 
pass. , 

Aphelion {Astro7i.) Tor FGBBULioit read 1‘xm- 
HELIOK. 

jf^se or Apsis {Astron.) Substitute definition: 
The point of uii eccentric orbit wiiere the planet is 
either farthest from or nearest to the cenfre of 
attraction, termed respeefively the higher apse an<l 
the lower apse. I’hese terms are apiilied also to 
elliptic orbits. Tlio apses of a planet are its Aphe¬ 
lion (g.v.) and Vekihelioh ; those of the Moon its 
Apogee and I’eu^gee. 

Apchseology. After appertains to read man in. 

Architecture, p. 25, line 25. Tor Ercotheuin 
read Erechtiieum. 

Arniatupe.(.£ifeef. Eng.) For magnetic Ions read 
magnetic lines. 

Balance Wheel {Floelts a?id Watel/ox). Ifefer to 
thcMietiuition under Balance ( Watches}, which is the 
uoiftrix term, tier also Balance Spring. 

Bands (Bind.) For in the Itack re,ud on the back. 

Baryte Calcite (Min.) For lioCO, read TiaCO,. 

Batten Lay or Lathe (SUJt Manufae.) Head 

Batten, Lay or Lathe. 

Beam, p. 45, col. 2, line 12. Bead cu-eiheient of 
clu.sticity (E). 

Beer (line 10). Tor arsenic containing read 
ursenic-contaiuing. 

BiiUaF Suspension (Phys.) Tor constant (8th 
line) read continuous. 

Block Tin. Tor Bcfincd Tin read Grain Tin. 

Bone (Zool.) The word “ calcium ” should be 
repeated before carbonate and befoie iluorido. Tor 
cheilly read chiefly. 

Calcium Compounds (Chem.), p. 81, line 21. Tor 
■Qyplam, CaSS0j21i20 read Gypsum, CaJSO,. 2H,0. 

Candle. After daring combustion (4th line from 
end) 7-ead and their low illuminating power. 


GENDA 

C^boUo Acid. Tor so violent a poison (2nd line 
from end) 7'e,ad a violent irritant poison. 

Caryatid (Arohiteet.) Tor Ereetbeum read 
Erechiheum. 

Cements (Build.) For solution of lime (Sth Him 
frun: end) 7'cad solution of alum. 

Chronometer. For dedont read detent. 

Clrcnmferenter. Bead Circumferentor. 

Colonrs (Pigments), )>. 11 Si, 2ad column, line 8. 
Tor cadmium, read cadmium yellow. 

Colours, Complementary. For (Pigments) read 
(Pigments). 

Cross (Her.) Fig. 1, legend line. Ahr Clechke 
read C’lech^h Fitchke. 

Declination (Astron.) For horizon read equator 
(1>. 152). 

Dressing (d/iainy). /-hr Tbue VAUHBnrwG/F bub 
Yasneb. 

EnAaving, p. 20;i. IIollake. Tor Itembrant 
: read Ttciubrandt. 

Fitting (Soap Manufae.) Tar Xest Soap (4 th 
lino from cud) read Neat 8oap. 

^I^thering c Bind.) Tor volume from read volume 

Gam Anime, p. 2T3. Tor Anime read Animi. 

I Mnsical Instruments, p. 427, line IC. For crmbals 
read cymbalo. • 

Opoponax, p. 477. Bead Opopanax. 

Overstep (Cfeol.) Head A stratum is said to 
overstep another . . . etc. (p. 485). 

Paper, p. 4fWi, line 2» from end. For stiff chests 
read stuff chests. 

Pile (Tesetile Manufac.) A’or cut; or left in loop, 
read cut, or left in looi>s. 

I Ptomaines (Chem,), p. 5(>9, line 14. Bead sub* 
stances obtaiiiud from corpses, whicli bavo basic 
properties, and show the general reactions of the 
plant alkaloids. 

Pynknometer. Bead Pyknometer. 

Rhyolite (Geol.) Tor crumbling read crumpling. 

Speed Gears, p. 599, col. 2, line 32. T>r sun read 
sum. 

Tungsten (Chevi.) Bead Atomic weight 184. 

WaU Rib, p. 832. Tor Bin read Bib, 








